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Abstract

Background: Adversity and traumatic experiences increase the likelihood of suicidal thoughts and behaviors. Eye Movement
Desensitization and Reprocessing (EMDR) is an evidence-based, trauma-focused psychotherapy that desensitizes painful memories,
so that reminders in the present no longer provoke overwhelming emotional responses. Preliminary evidence suggests that EMDR
can be used as an acute intervention in suicidal patients, including those with major depressive disorder. In addition, because of
social distancing restrictions during the COVID-19 pandemic, clinicians have been using EMDR on the web and, in the absence
of formal evaluations of web-based EMDR, informal reports indicate good results.

Objective: The primary aim of this randomized controlled trial is to investigate whether remotely delivered EMDR (targeting
experiences associated with suicidal thinking) reduces suicidal thoughts. Secondary aims include examining the impact of remotely
delivered EMDR on symptoms of depression, anxiety, posttraumatic stress, emotional dysregulation, and dissociation. We will
also report on adverse events in the EMDR group to explore whether targeting suicidal ideation with EMDR is safe. Finally, we
will compare dropout rates between the treatment groups.

Methods: In this randomized controlled trial, 80 adults who express suicidal ideation and meet the study criteria will receive
either 12 sessions of twice weekly EMDR plus treatment as usual or treatment as usual alone. EMDR sessions will focus on the
most distressing and intrusive memories associated with suicidal ideation. Data for primary and secondary objectives will be
collected at baseline, 2 months, and 4 months after enrollment. A subsequent longer-term analysis, beyond the scope of this
protocol, will examine differences between the groups with respect to the number of posttreatment emergency room visits,
hospitalizations, and overall health care use in the year before and after therapy.

Results: The protocol was approved by the University of Alberta Research Health Ethics Board (protocol ID Pro00090989).
Funding for this study was provided by the Mental Health Foundation (grant RES0048906). Recruitment started in May 2021,
with a projected completion date of March 2023.

Conclusions: The results of this trial will contribute to knowledge on whether web-based delivery of EMDR is a safe and
effective treatment for reducing suicidal ideation and potentially reducing the incidence of suicide attempts in this patient
population.
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Introduction

Trauma, Suicide, and Psychopathology
Suicide is the second leading cause of death among those aged
10-29 years and the ninth leading cause of death overall, with
reports of 4000 completed suicides per year in Canada [1].
Psychiatric disorders that most strongly predict subsequent
suicide attempts are bipolar disorder, posttraumatic stress
disorder (PTSD), and major depressive disorder (MDD) [2].
Epidemiological evidence also indicates that adverse or
traumatic experiences increase the likelihood of developing
both suicidal ideation (SI) and a range of psychiatric disorders
[3-9]. Among over 30 psychological risk and protective factors
identified for suicidal behavior, the strongest associations were
with depression, hopelessness, impulsivity, adverse childhood
experiences (ACEs), and trauma [2-9].

The psychological and neurobiological consequences of adverse
or traumatic experiences may moderate the development of
suicidal thoughts and behaviors [10]. The neurobiological and
psychological basis of suicidal thoughts and behaviors is
outlined in reviews by van Heeringen and Mann [11] and
O’Connor and Nock [12]. ACEs are associated with a strong,
graded relationship to later suicide attempts, which may be
moderated through stress sensitivity and emotion dysregulation,
and expressed as substance use, risky sexual behavior, depressed
mood, or anxiety [8,13,14]. Childhood adversity has been
associated with deficits in executive function, including
attention, working memory, cognitive flexibility, inhibitory
control, and emotion regulation. These factors, particularly
inhibitory control and emotion dysregulation, are associated
with an increased risk for the development of psychopathology
and suicidality later in life [15,16].

Eye Movement Desensitization and Reprocessing
Eye Movement Desensitization and Reprocessing (EMDR) is
evidence-based therapy, initially developed for PTSD, that
desensitizes painful memories, so that present reminders no
longer provoke overwhelming emotional responses [17]. EMDR
is effective for treating a variety of conditions, including anxiety,
depression, trauma, substance misuse, and trauma in patients
with severe mental illnesses such as psychosis or bipolar
disorder [18-20]. During a typical EMDR session, the client
focuses on emotionally disturbing material while bilateral
stimulation is applied, either in the form of alternating eye
movements, a tactile stimulus such as alternating bilateral
tapping, or auditory tones. Standard EMDR uses an 8-phase
protocol, including history-taking, preparation, assessment and
treatment-planning, desensitization, installation of a positive
cognition, body scan, closure, and re-evaluation [21].

EMDR is guided by the Adaptive Information Processing (AIP)
model, in which present symptoms are seen as unprocessed
explicit and implicit memories stored in the brain that lead to
maladaptive information processing and present as posttraumatic
and other psychiatric symptoms. In theory, EMDR facilitates
the accessing and processing of traumatic memories to an
adaptive resolution, after which the disturbing affective distress
is relieved, physiological arousal is reduced, negative beliefs
are reformulated, and alternative ways of responding to future
similar situations are considered [21].

EMDR and Suicidality
Suicide researchers have hypothesized that suicidal thoughts
and behaviors may emerge when environmental triggers activate
dimensions of risk in individuals who have been exposed to
past adverse experiences and trauma. Two relevant theories
include the Escape Theory and the Fluid Vulnerability Theory
[22,23]. The Escape Theory suggests that stressful life events
activate painful affective states, leading to urges to escape the
negative affect and self-awareness. The urge to escape painful
affect may lead to reduced self-inhibition, increased passivity,
disconnect from emotions, or increased negative thoughts such
as suicidal thinking. In this context, SI becomes more accessible
and acceptable over time. The more frequent and distressing
the suicidal intrusions, the more likely the person is to see them
as the best solution to the unescapable, intensely negative state
[22].

The Fluid Vulnerability Theory, which focuses on the process
of suicide risk rather than risk factors, posits that each person
has both a baseline risk state and potential for at least one
suicidal mode, a time-limited suicidal state with individual
characteristic features related to the person’s suicidal belief
(cognitive) system, affective system, physiological system, and
behavioral (motivational) system, which together work in
synchrony. This theory proposes that the risk state and suicidal
mode can be activated by either external or internal triggers,
and usually ends in a state “characterized by specific or core
cognitive themes (i.e., unlovability, helplessness, poor distress
tolerance, and perceived burdensomeness), acute dysphoria and
related physiological arousal (ie, Axis I symptomatology), and
associated death-related behaviors” [23]. During these suicidal
modes, motivational and behavioral systems may be engaged
which activate specific motoric and physiologic responses, for
example, fight, flight, or freeze, along with preparatory urges
or behaviors. Sometimes, these states are misinterpreted
cognitively as a threat in themselves, leading to escalation of
distress. These modes are based on the original cognitive therapy
model by Beck [24] and defined as “specific suborganizations
within the personality organization (that) incorporates the
relevant components of the basic systems of personality:
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cognitive (or information processing), affective, behavioral, and
motivational.” Beck [24] described a mode as an “integrated
cognitive-affective-behavioral network [that] produces a
synchronous response to external demands and provides a
mechanism for implementing internal dictates and goals” [23].
The Fluid Vulnerability Theory also assumes that a person’s
baseline level of risk is determined by historical and
developmental factors that predict why activation of a suicidal
state might occur in a particular context and with a particular
intensity. This vulnerability also has cognitive, affective,
physiological, and behavioral aspects, and improvements in any
one area can reduce vulnerability across the system. This theory
emphasizes the cognitive suicidal belief system, which may
stem from historical factors such as adversity. Rudd [23]
proposed that the suicidal belief system is “potentially amenable
to change during periods of activation, [and] activation is critical
to treatment progress and success.”

Both the Escape Theory and the Fluid Vulnerability Theory are
compatible with the AIP model and the Working Memory Model
of EMDR and may provide theoretical support for why EMDR
could reduce suicidality [21,25]. In the AIP model, stressful
and especially overwhelming experiences are conceptualized
as affectively laden memories with explicit and implicit
components that are incompletely processed. Multiple stressful
experiences may be associated within networks linked by
common themes, cognitions, emotions, implicit states, urges,
or other similarities. These memories include a cognitive
component, which may be the consequence of dysfunctional
learning or overgeneralization, that may contribute to core
beliefs. Activation of these memory networks, along with their
cognitive, emotional, sensory, physiological, and behavioral
components, represent the basis for symptomatology [21]. The
Working Memory Theory posits that memories are transferred
to working memory during EMDR and that eye movements
function to reduce the vividness and intensity of memory-related
imagery, partly because they tax working memory by using
processing resources in the visuospatial sketchpad, which
reduces the emotionality of the memory. This is corroborated
by research showing reduced amygdala activation during EMDR
[26]. At the same time, while the experience is held in awareness
in working memory, it is amenable to change and is ultimately
reconsolidated into a different form, with altered and more
adaptive meta-cognitive interpretations [25].

Standard EMDR begins with accessing past associations to a
current presenting problem by asking the participant about their
current cognitions, emotions, or sensations. Holding all these
elements together in awareness, the therapist then directs the
person to float back to earlier times in life when these elements
were experienced together, thus finding implicit past
associations with the presenting problem. Alternatively, patients
are asked to provide experiences that have proven their core
beliefs, for example, I am unlovable, which are likewise
processed. The targeted memory is desensitized and then paired
with a positive core belief, which allows the person to access
more adaptive information. Once the past experience is
processed, present reminders and future fears of when a similar
experience may happen are found in a similar fashion and then
again processed. The Escape Theory would suggest that if

EMDR desensitizes distressing memories associated with painful
affective states fueling suicidal intrusions, SI would decrease.
From the Fluid Vulnerability Model perspective, EMDR may
address multiple aspects of the suicidal mode, as well as baseline
risk, by targeting all 4 components (cognitive, affective,
physiological, and behavioral) of the experiences contributing
to risk. As the suicidal belief system shifts and internal and
external cues no longer provoke arousal, vulnerability to
activating future suicidal states may decrease. As cognitive,
affective, and sensory (somatic or physiologic) aspects are
addressed, in past, present, and future time frames, we
hypothesize that EMDR will be able to uniquely access and
address multiple dimensions of risk for suicidality concurrently
in an individualized manner.

Preliminary evidence indicates that EMDR may be an effective
intervention for SI [27-29]. With populations experiencing
suicidal thoughts, EMDR may decrease SI, even when SI is not
addressed directly, as is the case when PTSD, anxiety, or
depression are primary treatment targets [27,28,30,31]. Most
recently, Fereidouni reported a reduction in the Beck Scale for
Suicide Ideation (BSS) scores in a randomized controlled trial
(RCT) using intensive EMDR in 70 adult inpatients with MDD.
Participants in the intervention group received individual EMDR
for 45 to 90 minutes 3 times per week for 9 sessions. In that
study, the mean BSS score dropped significantly from 26.48 to
11.11 in the EMDR group compared with no change in the
control group. However, no other outcome measures were
reported, and the participants were limited to those with
depression [28]. Currently, most psychotherapeutic treatments
target a specific diagnosis. Examples include EMDR treatment
for PTSD and Dialectical Behavioral Therapy for borderline
personality disorder (BPD), and changes in SI are usually
reported as secondary outcomes [17,32]. Given the increasing
public health need to improve treatment options for suicidality,
this pragmatic real-world study was designed to assess the
impact and safety of using EMDR to target SI across a wide
spectrum of diagnoses.

Web-Based Delivery of EMDR
The COVID-19 pandemic has forced a rapid shift from in-person
psychotherapy to remotely delivered psychotherapy services,
both to reduce the spread of COVID-19 and to maintain service
accessibility. This rapid shift to web-based care has raised
concerns about whether therapy delivered via the web is as safe
and effective as in-person therapy. A recent systematic review
reported level 1a evidence that remote access, digitally delivered
trauma therapies such as prolonged exposure therapy, cognitive
processing therapy, and therapeutic exposure can be as effective
as in-person treatment and may improve access to care [33].
Although there is a paucity of research on the safety and
effectiveness of web-delivered EMDR, remotely delivered
EMDR has been adopted clinically around the world [34]. This
project will contribute to this area by exploring, with a focus
on SI, whether remotely delivered EMDR can be delivered
safely and effectively in a routine clinical practice setting.
Remote access, rather than a face-to-face approach, has been
chosen for our study as, locally in Edmonton, Alberta, Canada,
the COVID-19 pandemic resulted in an increase in demand for
mental health services at the same time as a reduction in the
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availability of in-person mental health support. Furthermore,
public health measures have necessitated periodic self-isolation,
leading to clinic cancelations. For these reasons, this project
will deliver EMDR via end-to-end encrypted Zoom
videoconferencing (Zoom Video Communications, Inc), rather
than in person.

Objectives
This study aims to examine whether web-based delivery of
EMDR reduces the intensity of SI in adults, as measured by the
BSS and the Columbia Suicide Severity Rating Scale (CSSRS).
We hypothesize that targeting memories that are associated with
SI, including addressing the associated suicidal belief system,
will reduce distress and emotional dysregulation driving SI.

SI is often associated with mood, anxiety, and posttraumatic
symptoms, and emotion dysregulation and dissociation are
common in populations experiencing intense negative emotional
states and those at risk of SI, such as PTSD and BPD [35-37].
The secondary study objectives, therefore, include measuring
the impact of our modified EMDR treatment on symptoms of
depression, anxiety, posttraumatic stress, emotional
dysregulation, and dissociation. Measuring these symptoms will
allow better characterization of our study sample and allow
comparison with previous literature. In addition, we wish to
learn if focusing on SI-associated experiences specifically leads
to improvement in these common comorbid symptoms. Previous
literature indicates that reductions in SI that occur during PTSD
treatment, for example, may be mediated by improvements in
PTSD or depressive symptoms [38]. It is unknown whether
focusing specifically on SI, rather than a specific diagnosis such
as PTSD, would also result in decreases in mood, anxiety, and
PTSD symptoms.

A further objective is to report on the history of ACEs and the
level of dissociative symptoms experienced by study participants
(EMDR vs treatment as usual [TAU] group), as these may be
markers of complexity [39,40]. Dissociative symptoms have
been linked to increased comorbidity, exposure to childhood
adversities, clinical severity, and lower response to
trauma-focused therapies (TFTs) [39-42]. There is controversy
as to whether dissociation is a barrier to using TFTs, such as
EMDR [43]. The dissociative subtype of PTSD has been
associated with midline prefrontal inhibition of limbic regions
involved in emotion regulation, leading to emotional
overmodulation [42]. One possible clinical implication is that
such patients may have difficulty improving with TFTs because
of impaired emotional regulation capacities and a tendency to
dissociate upon exposure to distressing cues inherent in the
processing of the trauma. This could impair the ability to
adequately activate the fear network, leading to reduced
effectiveness of TFTs [42]. Therefore, measuring dissociation
at baseline and after treatment will provide important

information about whether EMDR impacts dissociation, or if
dissociative symptoms adversely impact treatment response.

We will compare dropout rates between treatment groups and
report on any adverse events that arise in the EMDR group to
explore the safety of using EMDR to target SI. Experts in the
field of trauma have long believed that survivors of trauma
should be treated using a phased approach [44-46]. The first
phase focuses on stabilization and the introduction of coping
skills to reduce self-harm and suicidality. Once phase 1 is
completed and the person is no longer a risk to themselves or
others, phase 2 may begin, with TFTs such as EMDR, which
focus on distressing memories directly. However, this phased
approach emphasizing stabilization before trauma processing
has been criticized as lacking evidence [47]. Therefore, studies
reporting on the safety of TFTs, such as EMDR, in patients with
SI can help address this controversy.

Methods

Study Design
The study is a nonblinded RCT that will evaluate the effects of
remotely delivered EMDR in combination with TAU, compared
with TAU alone for adult patients with SI. Owing to the nature
of EMDR, trial blinding to the research team and clinical staff
is not possible. All clinical contact will occur on the web via a
health care–level encrypted Zoom platform. The anticipated
flow of participant enrollment is shown in Figure 1, and details
are included in the Study Procedure section. Participants will
be randomized (by computer-generated random allocation) to
receive either intensive 90-minute EMDR sessions twice per
week plus TAU or TAU alone. A pilot study by Proudlock et
al [29] and an RCT by Fereidouni et al [28] used a similar
design, with intensive EMDR provided 2 to 3 times per week.
In the study by Proudlock et al [29], most of the participants
were outpatients with an acute mental health crisis with SI. In
the RCT, the participants were inpatients with major depression
and suicidal thoughts [28]. The literature suggests that intensive
(ie, multiple sessions per week) therapy is safe and effective
and may reduce attrition [28,29,48,49].

The primary outcome is the intensity of SI in adults, as measured
by the BSS and the CSSRS. Secondary outcomes include mood
(Beck Depression Inventory-II and Patient Health Questionnaire
9), anxiety (Generalized Anxiety Scale-7), posttraumatic
symptoms (Impact of Events Scale Revised), dissociation
symptoms (Dissociative Experiences Scale-II [DES-II]), and
emotion dysregulation (Difficulties in Emotional Regulation
Scale). Secondary outcomes include adverse events and dropout
rates. A subsequent longer-term analysis, beyond the scope of
this protocol, will examine differences between groups with
respect to the number of emergency room visits, hospitalizations,
and overall health care use in the year before and after therapy.
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Figure 1. Flow diagram. DES-II: Dissociative Experiences Scale-II; EMDR: Eye Movement Desensitization and Reprocessing; TAU: treatment as
usual.

Ethics
The Health Research Ethics Board at the University of Alberta
approved the study protocol (protocol ID number:
Pro00090989). The study is registered at ClinicalTrials.gov (ID
number: NCT04181047). Although EMDR is a gold standard,
evidence-based treatment for trauma [17,18], current practice
guidelines do not generally endorse EMDR specifically for the
treatment of suicidal thinking, and data on remote delivery of
EMDR are limited [33]. Some providers believe that trauma
therapy should not be attempted in patients with SI, based on
fears that exposure to traumatic memories may increase
emotional dysregulation or worsen suicidality. EMDR may, in
some cases, lead to temporarily increased PTSD symptoms,
anxiety, nightmares, or distress during treatment. The web-based
nature of the treatment may also add privacy and safety risks

because of the use of electronic communications and the fact
that the therapist is not in the same location as the participant.
Therefore, clinical safety procedures were developed to monitor
and manage increased SI and adverse events, in addition to
ensuring informed consent from participants. These
considerations were discussed with the Health Research Ethics
Review Board, which approved the study.

Participants
Adults (aged 18-65 years) with SI in the last week are eligible
for this study. SI may be chronic or acute and of any intensity
as long as it is not accompanied by an active plan with intent,
given the concerns about immediate safety and the need for
stabilization in this population. As SI can occur across various
diagnoses, participants are not limited to having one main
diagnosis. Participants with suicidal thoughts and any or all of
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the following primary diagnoses: mood and anxiety disorders,
trauma and stress-related disorders, or personality disorders as
primary diagnoses are eligible for this study. Participants must
also be willing and able to volunteer to participate in the study,
provide informed consent, and follow up twice weekly for
EMDR sessions if they are randomized to the EMDR group (a
total of 12 desensitization sessions). Participants must have a
primary service provider, either a physician or a mental health
professional, who they can access for care outside of EMDR
sessions. Participants must have access to their own laptop or
desktop computer that enables bilateral stimulation with a
working screen, camera, and microphone, as well as access to
a quiet, private, well-lit space for therapy. Participants must be
willing to refrain from benzodiazepine, cannabis, or illicit
substance use in the 24 hours before or after EMDR sessions
to avoid interference with EMDR and memory consolidation.
Participants must also be willing to adhere to the study safety
precautions (see the Clinical Safety Procedures section).

Participants will be excluded from the study if, at the time of
the baseline assessment, SI is accompanied by intent or a plan
to follow through with suicide. The rationale is that those with
intent or a plan may be more at risk of imminently following
through with acting on the ideation. Clinical guidelines
recommend that this warrants inpatient stabilization to ensure
immediate safety [50]. Participants will be excluded if they
score above 34 on the DES-II or report severe dissociative
symptoms during the baseline psychiatric assessment interview
in keeping with a separate dissociative disorder, such as hearing
internal voices, amnestic episodes, dissociative fugue states,
passivity experiences, first rank symptoms under stress, the
subjective experience of having alter personality self-states, or
severe isolation of affect, with the inability to feel body
sensations or emotions. Clinical experience and the scientific
literature suggest that severe dissociative symptoms signal a
poor response to standard EMDR therapy or require special
techniques or extensive stabilization. Participants with manic
or psychotic symptoms will be excluded to reduce heterogeneity,
as are those undergoing electroconvulsive therapy, which may
have an impact on memory. Participants undergoing or planning
to undergo another trauma-focused psychotherapy in the
4-month study period will also be excluded to reduce bias.
Participants who are known to be pregnant will be excluded, as
there is limited information about the impact of EMDR in
pregnancy.

Study Sample Size and Duration
The only analogous trial published, to our knowledge, is an
RCT by Fereidouni et al [28], which also used the BSS to
measure changes in SI, but in a depressed inpatient population.
They reported a required sample size of 31 per arm, which was
increased to 35 to account for attrition, calculated using a CI of
95%, a statistical power of 80%, and a minimum clinically
significant difference of 5%. This previous trial enrolled 70
participants and had no dropouts.

In this study, the overall target sample size is 80 participants
(40 in each group). To detect a within-group change (pre- and
posttreatment changes in rating scale measures) of Cohen
d=0.50, applying a 2-tailed α level of .05 and power at 0.80

(0.75 for between-group changes), the study will require 32
participants in each group. Our target sample size of 40
participants per group was chosen to account for an anticipated
attrition rate of 20%, resulting in samples no smaller than 32.
The attrition rate is based on clinical experience, as well as the
literature reporting a mean dropout rate of approximately 18%
in previous EMDR trials [29,51].

Clinical Safety Procedures
To ensure participant safety during the study, the following
measures have been instituted:

1. All participants must have access to a health professional,
such as a family physician or psychiatrist, during the course
of this trial, who is willing to provide general mental health
care, as necessary. If a safety concern arises during the
study, the participant’s provider will be informed.

2. Before commencing EMDR, the participant will confirm
their address, phone number, email address, and emergency
contact person. This is necessary so that an emergency
response can be activated if clinically indicated.

3. If the participant is enrolled in the EMDR treatment group,
the study therapist will ensure that a written safety plan has
been completed before treatment is initiated. This safety
plan will include helping the participant to identify their
warning signs for crisis, their internal coping resources,
sources of helpful distraction, and helpful others, including
professional resources, from whom they can access
assistance in a crisis. Contact information for Edmonton
crisis services will also be provided.

4. To ensure safety during EMDR sessions, participants will
be asked to ensure that there is a supportive person who
will be available to assist within 5 minutes, in the unlikely
case of an emergency.

5. If there is a significant worsening in SI, the study therapist
may pause EMDR and focus on crisis stabilization and the
institution of the individualized safety plan.

6. The study research assistant (RA) was trained in a protocol
for enrolling participants, which includes a safety protocol
to manage any unanticipated situations in which a
participant spontaneously expresses worsening or active SI
(Multimedia Appendix 1). Consent for EMDR therapy
includes an understanding that in the case of imminent risk
of harm to self or others, the therapist or RA may need to
activate the safety plan or call emergency services.

7. For the EMDR group, adverse events will be queried and
recorded at the beginning of each EMDR session, along
with recording a self-report of the intensity of various
symptoms, including SI, on a 0-10 scale. As therapy is
taking place in the context of clinical care, progress will be
documented in the electronic health record, which may be
accessed by the participants’ treatment team (see
Multimedia Appendix 2 for the items captured regarding
adverse events). In addition, serious adverse events will be
directly reported to the participants’ treatment team. Each
person participating in the study must agree to maintain a
relationship with his or her community treatment team
during the study to avoid a situation where the person has
no access to care during or immediately after participating
in the study.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e30711 | p.11https://www.researchprotocols.org/2021/11/e30711
(page number not for citation purposes)

Winkler et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Participant confidentiality and web-based security:

1. Informed consent for web-based EMDR therapy also
includes an agreement that the patient will disclose their
physical location, keep a working telephone with them in
the case of internet disconnection, and connect in a private
area. Health service–level encrypted Zoom, as authorized
by Alberta Health Services, will be used for
videoconferencing therapy to minimize security concerns.
The participants will also be encouraged to use their own
private computer and Wi-Fi.

2. Encryption will be used in the case that email is needed to
send potentially identifying information, in accordance with
Alberta Health Services policy.

Study Procedure
This study is being conducted in partnership with the outpatient
mental health clinics of the Alberta Health Services Addiction
and Mental Health, Edmonton Zone. Figure 1 shows the
anticipated flow of subject enrollment and assessments.

1. Community clinicians will make a referral through email,
fax, or phone to the RA. The research ethics board at the
University of Alberta approved a waiver of consent to allow
the RA to receive and screen referrals and contact the
potential participants to set up a Zoom meeting to explain
the study and obtain informed consent. If necessary, the
RA can aid the potential participant in setting up Zoom and
instructing the person on its use. During this initial Zoom
meeting, the RA will obtain informed consent for
participation in the study, which will be collected and
managed using REDCap (Research Electronic Data
Capture) tools hosted by the Women & Children's Health
Research Institute at the University of Alberta, using a
2-factor authorization process [52]. Participants will be
informed that they may withdraw their consent and opt out
of the study at any time during the 4-month study period,
whereas participant data may be withdrawn at any point
before treatment begins.

2. After obtaining consent, the RA will send a link from
REDCap to the participant to complete the DES-II
electronically. A DES-II score ≥34 will exclude a person
from the study. If enrollment screening criteria are met, the
participants will receive a psychiatric assessment by the
study psychiatrist. The purpose of the psychiatrist
assessment is to complete an in-depth assessment to rule
out contraindications to web-based EMDR and to ensure
eligibility criteria are met, including ruling out severe
dissociation not apparent on the DES-II screening
questionnaire. The psychiatrist will also perform a baseline
diagnostic assessment according to Diagnostic and
Statistical Manual of Mental Disorders - 5 criteria to
evaluate the baseline diagnoses. If the person appears
suitable for the study, baseline self-report measures will be
completed electronically (Table 1). Once the baseline
measures are complete, REDCap will randomly assign the
person to either the EMDR group or the TAU group using
random computerized allocation.

3. All patients will complete baseline and follow-up measures
electronically through REDCap, as shown in Table 1.

4. Patients in the EMDR treatment group will receive live,
twice weekly EMDR through Zoom videoconferencing.
The study therapist will take a relevant history, provide
limited psychoeducation, and explain EMDR to the patient.
After developing a safety plan with the participant, up to 5
standard preparation exercises will be completed before
therapy (container, safe state, internal meeting place, safe
place for parts, and updating the emotional circuits [53]).
Patients will then receive EMDR, targeting the experiences
or core beliefs associated with the SI. The standard EMDR
protocol will generally be used, with the modification that
the future template will be a flashforward of the worst-case
scenario future when suicide would again seem like an
option. Although the standard future template involves
running a mental movie about the future, a flashforward
targets the person’s mental representation of future events
in a similar fashion as past events are targeted (see the paper
by Logie and De Jongh [54] for details about this strategy).
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Table 1. Timing and content of study measures.

Timing of measuresContent of measureMeasure

4 months after enrollment2 months after enrollmentBaseline

✓aDemographicsDemographic questionnaire

✓Adverse childhood experiencesACESb

✓✓Dissociative symptomsDES-IIc

✓✓✓Suicidal ideationBSSd

✓Suicidal ideationCSSRSe—clinician rated

✓✓✓Suicidal ideationCSSRS—past week (self-rated)

✓✓✓Depressive symptomsBDI-IIf

✓✓✓Depressive symptomsPHQ-9g

✓✓✓AnxietyGAD-7h

✓✓✓PTSD symptomsIES-Ri

✓✓Emotional dysregulationDERSj

aIndicates the timing of the respective measures.
bACES: Adverse Childhood Experiences Scale.
cDES-II: Dissociative Experiences Scale.
dBSS: Beck Scale for Suicide Ideation.
eCSSRS: Columbia Suicide Severity Rating Scale.
fBDI-II: Beck Depression Inventory-II.
gPHQ-9: Patient Health Questionnaire-9.
hGAD-7: Generalized Anxiety Disorder-7.
iIES-R: Impact of Events Scale Revised.
jDERS: Difficulties in Emotional Regulation Scale.

Some other modifications to the standard protocol are allowed.
Specifically, intrusive or distressing memories may be targeted
initially, if needed, instead of the first, worst, current, and future
order of the standard protocol. If there is apprehension about
doing EMDR, a flashforward of the worst thing that could
happen may be used to address this resistance before targeting
memories. This was reported as a successful strategy in an
intensive treatment program [49]. In addition, therapists can
use the EMDR early trauma protocol if there are significant
attachment problems, add additional dual attention tasks to load
working memory, or use shorter sets of bilateral stimulation if
the standard protocol is not tolerated [55,56]. Strategies in the
Jim Knipe EMDR Toolbox can also be used as needed [57].
Modifications to the standard protocol will be recorded in
REDCap and reported on.

EMDR will specifically target the traumatic memories or core
beliefs associated with the SI. These targets may be easily
identified by the patient in some cases. Alternatively, the
standard floatback method may be used to identify memory
targets, or therapists may target the somatic urge or state
associated with suicidal thoughts. This strategy of targeting
states or urges has been utilized in EMDR protocols such as the
DeprEnd protocol for depression and the DeTUR protocol for
urges associated with substance use disorders [58,59]. Other
possible targets for EMDR include memory of the circumstances
surrounding the first occurrence of SI, memories at the origin

of the negative beliefs associated with SI, or memories related
to hopelessness and despair [21,58,60]. If escape fantasies,
including the fantasy of escaping through suicide, emerge during
memory processing, the participant may be encouraged to notice
the fantasy rather than avoid or suppress it. In addition, if
nightmares arise during the course of treatment, they can also
be targeted directly using EMDR if clearly related to SI or the
experiences being reviewed in therapy sessions.

Participants will be seen twice weekly until the therapy is
completed (12 desensitization sessions in total). Symptoms and
any adverse reactions will be recorded at the beginning of each
session using a standard EMDR session progress note form.

Measures

Primary Outcome Measures

Beck Scale for Suicide Ideation

The BSS is a 21-item questionnaire on SI and behavior over
the past week. The score ranges from 0 to 42, with higher scores
indicating worse outcomes. Questions 6 through 19 are not
completed if answers to both questions 4 and 5 indicate that the
person has no suicidal desire and would try to save their life if
in a life-threatening situation. Question 20 asks about previous
suicide attempts, and question 21 asks about the wish to die
during any such attempt [61] (Digital adaptation 2021 NCS
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Pearson Inc. All rights reserved. Adapted and used under license
#LSR-262494).

Columbia Suicide Severity Rating Scale

The CSSRS is a questionnaire used for suicide assessment,
developed by multiple institutions including Columbia
University. Several versions exist; this study will use the
clinician-rated version that assesses lifetime and recent SI (last
week) and suicidal behavior at baseline. In addition, a self-report
version will be used at baseline, 2 months, and 4 months to
assess SI in the past 1 week, which includes 5 questions about
SI and 2 questions about suicidal behavior [62].

Secondary Outcome Measures

Adverse Childhood Experiences Scale

The Adverse Childhood Experiences Scale is a standard 10-item
questionnaire that assesses the presence or absence of adversities
experienced in the first 18 years of life, including emotional,
physical, or sexual abuse, neglect, parental divorce, domestic
abuse, familial substance abuse, incarceration, or mental illness.
Higher scores are indicative of more childhood adversity and
have been consistently associated with an increased risk of
psychiatric illness, substance abuse, and physical illness [63].

Dissociative Experiences Scale-II

The DES-II is a 28-item questionnaire that includes questions
about common dissociative symptoms, which are scored based
on the frequency of experiencing the symptom, from 0% of the
time to 100% of the time. A higher score (range 0-100) indicates
more severe dissociative pathology. The mean scores for PTSD,
Dissociative Disorder Not Otherwise Specified, and Dissociative
Identity Disorder in a previous study were 31, 36, and 48,
respectively [64].

Beck Depression Inventory-II

The Beck Depression Inventory-II is a 21-item questionnaire
focusing on symptoms of MDD, including one question on SI
or wishes. Each question is scored on a 0-3 scale, with higher
scores indicating a higher likelihood of MDD [65] (digital
adaptation 2021 NCS Pearson Inc. All rights reserved. Adapted
and used under license #LSR-262494).

Patient Health Questionnaire-9

The Patient Health Questionnaire-9 Self-Report is a self-report
questionnaire for assessing depressive symptoms during the
previous 2 weeks, using a 4-point Likert scale to indicate
symptom frequency for each item (0=not at all; 3=nearly every
day). Higher scores (range 0-27) indicate more severe depressive
symptoms. Included is also a question about how difficult the
symptoms made it for the participant to work, take care of things
at home, or get along with people (rated from not difficult to
extremely difficult, on a 4-point scale) [66].

Generalized Anxiety Disorder 7

The Generalized Anxiety Scale-7 is a 7-item self-report scale
for anxiety symptoms, with each symptom rated for the past 2
weeks on a 4-point scale. The scale ranges from 0 (not at all)
to 3 (nearly every day), with higher scores indicating worse
anxiety symptoms. There is also a question about how difficult
the problems endorsed made it for the participant to work, take

care of things at home, or get along with people (rated from not
difficult to extremely difficult, on a 4-point scale) [67].

Impact of Events Revised

The Impact of Events Scale Revised is a 22-item questionnaire,
which rates the intensity of distress over the past 7 days, related
to a past event. Symptoms related to distress are rated on a
5-point scale, from 0 for not at all to 4 for extremely distressing,
with scores ranging from 0 to 88. Questions include symptoms
generally indicative of posttraumatic stress, with a higher score
indicating more severe symptoms [68].

Difficulties in Emotional Regulation Scale

The Difficulties in Emotional Regulation Scale is a 35-item
questionnaire focusing on symptoms related to emotion
regulation. Questions are rated on a 5-point scale, and
participants rate how often the statements apply to them by
providing a number, where 1 indicates almost never (0%-10%
of the time) and 5 indicates almost always (91%-100% of the
time) [69].

Session Forms

For the EMDR group, session forms will be used to track weekly
progress. These forms include a scale of 0 to 10 (ranging from
no difficulties to highest intensity) to record the intensity of
suicidal thoughts, self-harm urges, and the following symptoms:
worry thoughts, anxiety, guilt or shame, anger, sadness,
flashbacks, sleep problems, substance use, suicidal thoughts or
impulses, self-harm urges, concentration difficulties, lethargy
or fatigue, appetite problems, and repetitive thoughts. These
forms will also capture the session focus and any deviations
from the standard EMDR protocol.

Statistical Analysis
Treatment groups will be compared for differences in
demographics or clinical severity that may be relevant to
differences in outcomes. The number of desensitization sessions
will be reported, along with any adverse events.

The main statistical contrast will compare measures for the
EMDR versus the TAU group; particular emphasis will be
placed on the primary outcome variables of severity of SI before
and after treatment in each group. Pre- and posttreatment effects
on rating scales will be analyzed using parametric (2-tailed t
tests and analysis of variance [ANOVA]) or nonparametric
(Mann-Whitney and Wilcoxon and Friedman or Kruskal-Wallis
ANOVA) tests, where appropriate. For multiple comparisons
in the analysis, the error rates will be adjusted appropriately
using Bonferroni corrections. ANOVA followed by multiple
comparison tests will be applied where the number of
within-subject test times k>2 (Table 1). For single time
measures, for example, Adverse Childhood Experiences Scale
or clinician-rated suicide ratings, simple contrasts will be
assessed with t tests or nonparametric equivalents, as
appropriate. The statistical criterion for type one errors will be
a 2-tailed probability of P≥.05, after appropriate adjustment for
multiple comparisons. 
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Results

It is anticipated that the active recruitment, psychotherapy
treatment, and data collection phase of this study will take 18
months to complete. We expect to report the primary and
secondary outcomes by mid-2023. The primary outcome will
be changes in SI; secondary outcomes will include changes in
reported depressive, anxious, dissociative, and PTSD symptoms,
as well as changes in emotional dysregulation. In addition, we
will report on dropout rates and adverse effects that emerge
during EMDR treatment. Study participants will be informed
about the trial results via a plain language summary that will
be sent to them. Academic papers and summary reports will be
provided to the Mental Health Foundation for knowledge
dissemination. Evidence regarding the safety and efficacy of
EMDR in the context of SI will be discussed with Alberta Health
Services and presented in clinical academic settings to support
knowledge translation and knowledge implementation.

Discussion

Principal Hypotheses
There exists a significant body of literature demonstrating that
childhood and adult adverse experiences are strongly associated
with SI, suicide attempts, self-injurious behavior, and the
development of a wide range of psychiatric illnesses [3-9]. If
the AIP model of EMDR is correct, experiences lead to the
development of explicit and implicit memories that drive or
contribute to painful core beliefs or overwhelming affect. We
hypothesize that targeting these memories directly will provide

a direct treatment for emotional dysregulation and suicidal
thinking.

Current treatment of SI usually focuses on treating comorbidities
such as depression and teaching new ways of coping, thinking,
or behaving. None of the currently recommended treatments
for suicidality target memories directly. EMDR desensitizes the
emotionality of traumatic memories, followed by reprocessing
the associated negative core belief with a more adaptive one.
A recent RCT using EMDR for suicidal thoughts in inpatients
with depression offers the first RCT evidence that EMDR can
specifically reduce suicidal thoughts [28]. This adds to the
uncontrolled data that suggest that EMDR can reduce suicidality
in patients in crisis or those with suicidal thinking [27,29]. This
study aims to target SI from a transdiagnostic perspective,
focusing on the memories driving or associated with the SI
across a broad spectrum of diagnoses.

Implications for the Future
If the study results support the use of EMDR as a safe and
effective treatment for people with SI, it would challenge current
clinical norms. The PTSD literature suggests that treating PTSD
with TFTs reduces SI, even after controlling for depression and
hopelessness [70,71]. However, clinicians are often reluctant
to offer TFT in suicidal patients for fear of worsening their
suicide risk. Therefore, patients’ trauma symptoms may go
untreated or be addressed solely with medications, and they
may experience repeated bouts of crisis or hospitalization,
leading to further demoralization. This study may provide
evidence to support clinicians in using TFTs for patients with
SI earlier, potentially preventing the vicious cycle of repeated
hospitalizations, suffering, and chronic psychiatric morbidity.
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Abstract

Background: Adolescents exposed to negative online events are at high risk to develop mental health problems. Little is known
about what is effective for treatment in this group. NettOpp is a new mobile app for adolescents who have been exposed to
cyberbullying or negative online experiences in Norway.

Objective: The aim of this paper is to provide a description of the content of the intervention and about a randomized controlled
trial that will be conducted to examine the effectiveness of NettOpp. This protocol is written in accordance with the Spirit 2013
Checklist.

Methods: An effectiveness study with a follow-up examination after 3 months will be conducted to evaluate the mobile app.
Adolescents will be recruited through schools and will be randomly assigned to the intervention (NettOpp) group and a waiting-list
control group. The adolescents (aged 11 to 16 years) will respond to self-report questionnaires on the internet. Primary outcomes
will be changes in mental health assessed with the Strengths and Difficulties Questionnaire, the WHO-Five Well-being Index,
and the Child and Adolescent Trauma Screen.

Results: Recruitment will start in January 2022. The results from this study will be available in 2023.

Conclusions: There are few published evaluation studies on app-based interventions. This project and its publications will
contribute new knowledge to the field.

Trial Registration: ClinicalTrials.gov NCT04176666; https://clinicaltrials.gov/ct2/show/NCT04176666

International Registered Report Identifier (IRRID): PRR1-10.2196/31789

(JMIR Res Protoc 2021;10(11):e31789)   doi:10.2196/31789

KEYWORDS

cyberbullying; intervention; mobile app; adolescents; NettOpp; mental health; adolescents; health care

Introduction

Background
The technological revolution has led to most young people being
able to now use the internet and mobile phones daily to
communicate with others, socialize, entertain themselves, and

find information. This development goes hand in hand with
many new challenges and possibilities also when it comes to
aversive behavior among children and youth. On the one hand,
cyberbullying and other negative online experiences affect many
children and youth. On the other hand, this technological
development opens up for new innovative technologies to help
and support young people exposed to such behavior.
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Cyberbullying can be defined as an “aggressive, intentional act
carried out by a group or individual, using electronic forms of
contact, repeatedly and over time against a victim who cannot
easily defend him or herself” [1]. Electronic forms can be the
internet and other digital technologies including mobile phones
that are used to, for example, call, write emails, instant, and text
messages, chats, blogs, or web posts to say mean things, insult,
threaten, or make fun of somebody, to spread rumors, lies,
embarrassing information, or pictures [2]. Cyberbullying can
take on many different forms, from passively ignoring or
excluding somebody from a group to more active actions such
as sending or posting cruel or embarrassing messages about
someone [2,3].

Cyberbullying prevalence rates among 12-to-18-year-old
individuals vary from 5% to 74% with a median of 23%, as
reported in a review by Hamm et al [4]. Some of this variation
can probably be explained by age group and country differences
in the prevalence of cyberbullying. Nonetheless, we believe it
is likely that this huge variation is also due to the use of different
definitions, perceptions, and interpretation for cyberbullying
across studies; that is, does cyberbullying have to occur
repeatedly or is one occurrence enough [3-6] and what are the
different types of scales used to measure the phenomenon? The
annual conducted Norwegian school survey among
10-to-18-year-old students reported a cyberbullying rate of 2%
in 2017 with a peak (2.6%) in junior high school [7]. This is
the proportion of adolescents who report that they have been
cyberbullied 2-3 times a month or more. The proportion
increases to 10% if adolescents who have experienced one
negative online event are included.

The consequences of bullying victimization in adolescence are
serious. Meta-analyses have found that bullying, both
traditionally and on the internet, is related to mental health
problems such as depression, anxiety, and poor general health
[8,9]. Furthermore, there is an association between bullying
victimization and psychosomatic health complaints such as
stomach ache, sleeping difficulties, and headache and social
functioning including social isolation, loneliness, and low
self-esteem [2,8,10].

Given the seriousness of bullying or cyberbullying victimization,
interventions that aim at preventing cyberbullying and helping
and supporting those exposed to cyberbullying are important.
A recently published meta-analysis found that intervention and
prevention programs for cyberbullying can reduce cyberbullying
victimization [11]. Furthermore, some traditional antibullying
programs have also proven to have an effect on cyberbullying
[12,13].

A review found that there are more preventive antibullying
programs compared to interventions for adolescents who have
been exposed to cyberbullying [10]. However, such studies

suggest that cognitive measures appear to be effective [10]. A
systematic review of digital bullying from the Norwegian
Institute of Public Health did not identify any available
interventions in Norway, except for 2 anticyberbullying
campaigns [14]. Those campaigns were neither theoretically
grounded nor evaluated. The report encourages using technology
and being innovative when developing measures to prevent
cyberbullying [14] as adolescents spend a lot of their time on
the internet and with their mobile phones [15]. Furthermore,
many adolescents find it difficult to tell their parents or other
adults about their experiences of being bullied or cyberbullied
[16,17]. Therefore, a mobile app may be a useful resource as
they are always accessible, easy to use, and they offer
anonymity.

Several health-promoting apps aimed at youth have been
developed. Many of them aim to promote health by monitoring
or motivating the user to adopt healthier diets or increase their
physical activity [18]. Other apps are more supportive in which
the purpose is to learn how to cope with, for example, chronic
diseases such as diabetes, asthma, or cancer [19]. Overall, two
reviews concluded that apps may have the potential to be
feasible health interventions for young people, but that more
studies are needed to assess their effectiveness [19,20]. In
addition to this, Shieh (2016) has found 9 anticyberbullying
apps with different focus [21]. However, none of these apps
have been empirically evaluated or adapted to Norwegian
conditions, indicating the need for the development and
evaluation of an app against cyberbullying in Norway.

The Cyberbullying Coping Intervention
NettOpp is a mobile app for adolescents who have been exposed
to cyberbullying or other negative online experiences in Norway
(Figure 1). NettOpp directly translated means “exactly” in
English but “Nett” refers also to the internet and “Opp” comes
from “Opplysning,” which means information or enlightenment.
The target group of the cyberbullying coping intervention was
adolescents in elementary school and junior high school,
between 11 to 16 years of age. According to Jacobs et al [22]
(2014), a cyberbullying coping intervention should do more
than just increase awareness about internet threats. Ideally, an
intervention should reduce the risks for getting victimized,
combat cyberbullying once it occurred, and buffer the negative
impact of the event [23].

The primary aim of this intervention is (1) to reduce mental
health problems related to cyberbullying; the secondary aims
are to (2) increase adolescents coping skills with cyberbullying,
(3) increase knowledge about cyberbullying, (4) increase the
help-seeking behavior of the adolescents, (5) increase their
self-esteem, (6) increase their sleeping quality, and finally, (7)
reduce cyberbullying. Below a description of why it is important
to focus on the aforementioned aims.
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Figure 1. NettOpp start page.

A previously conducted user survey (N=15) showed that most
users found NettOpp easy to use, appealing, and would
recommend the mobile app to a friend. A total of 14 out of 15
adolescents agreed that NettOpp would probably increase
knowledge about cyberbullying and 5 out of 15 believed that
NettOpp would reduce cyberbullying [24].

Reduce Mental Health Problems
Adolescents exposed to cyberbullying are at high risk for
developing mental health problems. The intensity and duration
of the cyberbullying may determine how serious the
consequences are [25]. Giving the adolescents advice on how
to cope with cyberbullying might have a buffering impact and
can reduce mental health problems. A study found that, for
example, help-seeking behavior buffered the negative impact
of cyber victimization on depressive symptoms [26] and
internalizing problems [27]. In addition, learning how to deal
with a cyberbullying event may shorten the cyberbullying
episode and thereby prevent serious consequences that could
affect the health of the adolescents.

Increase Adolescents’ Coping Skills With
Cyberbullying
How an adolescent copes with a cyberbullying event can
determine whether he/she experiences long-term consequences
[22]. A study found that among the most helpful coping
strategies to stop cyberbullying were technical strategies (eg,
blocking or deleting the person or profile), help-seeking

behavior, and behavioral avoidance (eg, stopping visiting the
webpages where the event happened) [28].

Furthermore, cyberbullying is emotionally distressing and young
people exposed to it can feel upset, hurt, embarrassed, helpless,
isolated, and scared for their safety [29]. Teaching adolescents
about normal emotional reactions to a cyberbullying event and
how to cope with the feelings could be emotionally helpful.
Healthy coping strategies (eg, help-seeking and talking about
the problem or using relaxation techniques, listening to music,
or thinking positive thoughts) could replace unhealthy coping
strategies (eg, social withdrawal, self-harm, aggression, or
skipping school), and buffer the negative impact of the
cyberbullying event [23]. A study found that among the most
emotionally helpful coping strategies for cyberbullying victims
were support-seeking, technical strategies, behavioral avoidance,
and reframing the situation (eg, “whoever is doing this to me
is not worth my time”) [28].

Increase Knowledge About Cyberbullying
Increasing knowledge about what cyberbullying is, what
consequences are associated with it, rights and laws, security
advice, and what can be done in the case of a cyberbullying
event is an important part of the psychoeducation adolescents
should receive [25,30]. It will increase awareness of the
problem, its seriousness, and help the adolescent to act safer on
the internet and thus reduce the risk of being victimized in the
future. Providing information on how to deal with an event
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might help the adolescent to combat cyberbullying once it
occurred.

Increase Help-Seeking Behavior Among Adolescents
Some studies that examined help-seeking behavior among
individuals exposed to traditional bullying have found that
telling an adult made things worse for some adolescents
[27,31,32]. Regarding cyberbullying, Price and Dalgleish [33]
found that the majority (approximately 60%-70%) of adolescents
who sought help found this helpful to some degree. For the
remaining individuals, help-seeking did not change the situation.
Price and Dalgleish [33] concluded, “a critical response to
effectively addressing cyberbullying relies on both increasing
the help-seeking behaviour of victimized young people and
improving the efficacy of those they speak to.” Seeking support
was also found to be emotionally helpful for the majority of
victims of cyberbullying and helped to stop cyberbullying for
some adolescents in another study [28]. However, some
adolescents do not have a trusted adult around, or they are too
ashamed or afraid to tell somebody they know and may prefer
to contact someone anonymously [23]. Encouraging adolescents
to seek help, provide information about whom to contact (eg,
also about online resources and helplines), how to seek help,
and what should happen when adolescents have sought help at
school are important [22].

Increase the Self-esteem of the Adolescents
Low self-esteem in adolescence has been found to predict
negative consequences such as poor physical and mental health
during adulthood [34]. Studies have found a negative
relationship between cyberbullying victimization and self-esteem
[35-37]. Interventions that aim to increase self-esteem are
therefore important. Most of the studies that aim at increasing
self-esteem use physical exercise as the intervention [38].

Increase the Sleeping Quality
Insufficient sleep among adolescents is related to physiological
and mental health risks such as cardiometabolic dysfunction,
poor academic performance, or mood disturbances such as
increased suicidal ideation [39], and it was found to be a
precursor to depression [40]. A meta-analysis found that peer
victimization like bullying among children and adolescents was
related to sleeping problems [41]. Healthy lifestyles including
longer sleep duration, on the other hand, was associated with
less suicidal ideation among individuals exposed to
cyberbullying [42]. In general, a review and meta-analysis found
that cognitive-behavioral sleep interventions for adolescents
are effective in improving sleeping quality [43].

Reduce Cyberbullying
Cyberbullying rates can be reduced by increasing the knowledge
and skills about how to handle cyberbullying [25]. The
knowledge adolescents will acquire about what cyberbullying
is, what consequences are associated with it, and rights and laws
may lead to increased awareness of the problem. By teaching
the adolescents how to reduce risks of being victimized and
how to better cope with a cyberbullying event might help to
stop cyberbullying and prevent new occurrences and thus reduce
cyberbullying rates.

The Mobile App
The app will consist of 2 modules. Module 1 will be
psychoeducational including information about cyberbullying,
its consequences, rights and laws, practical and technical advice
about how to cope with a cyberbullying event (eg, blocking or
deleting a person). This will hopefully increase adolescents’
knowledge about cyberbullying. The app will also provide tips
about what the adolescents can do to reduce new occurrences
of cyberbullying events (eg, “Don’t add ‘Friends’ that you don’t
know who is,” “Be critical of which images you share with
others,” and “Check your privacy settings on social media”).
In addition, the adolescents will learn about normal emotional
reactions when exposed to cyberbullying (eg, fear, helplessness,
shame, and sadness) and how to cope with them. This will
contribute to increased coping skills with cyberbullying. Further,
the psychoeducational information focuses on motivating
adolescents to seek help from a trusted adult. Adolescents are
advised to contact a trusted adult who they think can help in
case of cyberbullying or a negative online experience. The app
further informs about how one can talk about difficult things to
someone else and about what should happen once the adolescent
has told an adult. In addition, there is information about
available professional online resources including chats and
helplines the adolescents can contact in case they do not know
with whom to talk or prefer to stay anonymous. This might
increase help-seeking behavior among adolescents.

Module 2 will be a resource module that provides exercises and
techniques on how to cope with emotional distress related to
cyberbullying. These exercises include relaxation techniques
(breathing and guided meditation exercises) that aim at
increasing the adolescents’coping skills with the cyberbullying
event. The exercises also include sleep hygiene–related advice
and exercises to increase the sleep quality of adolescents that
have, for example, difficulties to fall asleep because of worries.
The adolescents will be encouraged to create a bedroom where
they feel safe, enjoy themselves, and relax. They will also be
encouraged to relate to their concerns and quarry thoughts during
daytime.

The app also includes an exercise based on cognitive behavioral
therapy, which aims at helping the adolescents to reframe the
situation [44]. The aim is to make the adolescents aware of the
connection between thoughts and feelings, and at increasing
awareness about negative thoughts the adolescents might have
because of the cyberbullying event and replacing these thoughts
with alternative thoughts. The adolescents will be guided
through this exercise by giving them the opportunity to choose
between different statements. First, they can choose a statement
that fits best to their situation (eg, “Someone has posted a picture
or video of me that I don't like”). Then, they can identify the
negative thoughts (eg, “I'm thick/ugly/stupid” and “Everyone
is going to think I look stupid”) and rate how strongly they
believe in this thought on a scale from 0 to 10. In a third step,
they can identify the negative feelings they are experiencing
(eg, “I feel sad and tired” and “I'm ashamed”) and rate how
strongly they experience this feeling on a scale from 0 to 10.
Thereafter, they will be shown a list of alternative thoughts.
They will be instructed to pick out alternative thoughts or advice
on what they could do, what they can say to themselves, and
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what they would have said to a friend who was in a similar
situation. They can select up to 3 statements (eg, “It’s not my
fault that I’m being exposed to this,” “I can ask for help [e.g.,
from parents, teachers, health nurses],” and “There are many
people that like and care about me”). In a last step, the
adolescents can rate how strong the original, negative thought
and the feelings are and rate once more if they feel better, the
same, or worse. The overall aim of this and the other exercises
is to increase coping skills with a cyberbullying event and thus
to prevent the development of mental health problems.

Furthermore, every second day, the adolescents will receive a
push-message in the app, which will either say something nice
(eg, “Do something nice for yourself”) or motivate the
adolescents to do an exercise (eg, “Relax and do a breathing
exercise”).

Information will be displayed in the app through text, sound
recordings, and short movies, to keep the adolescents engaged
with the app. In addition, rights and laws associated with
cyberbullying will be communicated to the adolescents through
quizzes.

User Involvement
The users, in our case Norwegian elementary and junior high
school students, have been involved in the project from the
development of the intervention to its evaluation. The app was
developed in collaboration with the users in terms of what the
intervention should contain, but also in terms of functionality
and format of the app. The 8 adolescents in the user group were
involved through workshops. A larger reference group consisted
of teachers, school health nurses, nurses from the health care
station for adolescents, community psychologists, and the local
antibullying professional.

The aim of the current paper is to provide a description of the
content of the intervention and the randomized controlled trial
that will be conducted to examine the effectiveness of NettOpp.

Methods

Eligibility Criteria and Setting of the Effectiveness
Study
Adolescents from the 6th to 10th grade (11-16 years old) are
eligible for participation in the effectiveness study. Adolescents
will be recruited through schools in Norway. To recruit enough
participants, the schools need to be big enough; that is, they
should have at least 20 students in each class.

Inclusion and Exclusion Criteria
Adolescents between the ages of 11 and 16 years, whose
guardians have given consent and who agree to take part in the
study, will be included. To use the app, adolescents need a
smartphone and be able to read and understand Norwegian.
Furthermore, android users must provide a Gmail address, and
iPhone users must first download the free app TestFlight to be
able to download a test version of NettOpp. Adolescents who
may not benefit from an app-based intervention because of, for
example, severe developmental or cognitive challenges will be
excluded from the study.

Intervention
NettOpp is a self-help tool that aims at supporting adolescents
who have been exposed to cyberbullying or a negative online
event. Adolescents can install the app on their mobile phone
and use it as much as they want and whenever they want. The
intervention focuses on psychoeducation, on motivating the
adolescents to seek help from a trusted adult, and on strategies
to better cope with stress related to cyberbullying or negative
online experiences.

Control
The waiting-list control group will receive access to the app
after study completion; that is, when the follow-up assessment
is conducted after approximately 3 months.

Randomization
The effectiveness study will be conducted as a randomized
controlled trial with an intervention group and a waiting-list
control group. Randomization will be conducted after baseline
measures have been collected at the school level by a statistician.
A random number between 0 and 1 will be generated using
SPSS and assigned to each school. Half of the schools with the
highest value on the random variable will be assigned to the
intervention group and half of the schools with the lowest value
will be assigned to the waiting-list control group.

Blinding
Adolescents are randomized to the intervention or waiting-list
control group and are blinded to the allocation prior to the
baseline assessment, and their schools will also not receive
information about their allocation. The information letters
include information about study content and purpose, but
guardians and students were both blinded to the allocation to
the intervention or waiting-list control group prior to offering
their consent or before the baseline assessment.

Outcomes
Data will be collected at baseline (T1, preintervention) and after
approximately 2 weeks of the intervention (T2, postintervention)
through self-report measures that the adolescents fill in using
Nettskjema, a secure online tool to conduct surveys [45]. A
follow-up evaluation (T3) will be conducted after approximately
3 months to examine if the effects were stable over time.

Primary Outcomes
Mental health will be assessed with the Strengths and
Difficulties Questionnaire (SDQ) [46], the WHO-Five
Well-being Index (WHO-5) [47], and the Child and Adolescent
Trauma Screen (CATS) [48]. The null hypothesis of this study
is that there will not be significant differences in changes in
mental health scores between the waiting-list control and the
intervention group.

Secondary Outcomes
How the adolescents cope with cyberbullying will be measured
with the Cyberbullying Coping Questionnaire [49]. Help-seeking
behavior will be assessed with 3 questions; for example, “Have
you told someone about your experiences so they can help you?”
Health problems will be assessed using 7 items asking the
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respondent how often he/she has, for example, experienced
headaches. Self-esteem will be measured with the Norwegian
Version of the Self-liking and Competence Scale [50,51].
Sleeping quality will be measured with 6 questions (eg, “At
what time do you usually go to bed?”) from the Bergen Child
Study [52]. Cyberbullying and bullying experiences will be
assessed using 4 questions based on the Olweus questionnaire
[5].

Power Calculations
Power calculations were conducted using the software PASS
16 [53]. Using multilevel analysis, it will require a total sample
of 400 participants (200 in each group: 20 schools with 20
students per group) to detect an effect size of at least Cohen
d=0.30, when the expected interclass correlation at school level
is 0.01, with a power of 0.79, and a significance level of .05.

Data Management
Data collection, data cleaning, and statistical analyses will be
performed by members of the research team. The statistical
analyses will be conducted on anonymized data and only
members of the research team will have access to the data. Data
will be stored on a secure server.

Planned Statistical Analysis
A linear mixed model will be used for analyzing the outcomes
in the effectiveness study. Missing data will be handled using
multiple imputation.

Ethics Approval and Consent to Participate
The effectiveness study is approved by the regional Research
Ethics Committee (reference number 161212). The studies are
approved by the Norwegian Centre for Research Data (NSD)
(reference number 545417). Since the study participants are
between 11 to 16 years old, study participation requires consent
from an authorized guardian. The consent form and information
letter to the guardians and study participants are approved by
the regional Research Ethics Committee and by the NSD.
Changes to the project, which may impact study participants
will be reported to the regional Research Ethics Committee and
to the NSD.

Results

The study has been approved by the regional Research Ethics
Committee and by the NSD. The mobile app NettOpp has been
developed, and enrollment for the study will begin in January
2022. The results of the study will be published in 2023.

Discussion

Expected Outcomes
Adolescents who have been exposed to cyberbullying are
vulnerable to mental health problems and other harmful effects
of the stressful events. In addition to the negative effects that
cyberbullying can have for those who have been exposed to it,
there may be a considerable financial burden to the society,
which is associated with the consequences of mental health
problems in adolescence and over the lifespan [8,54,55]. The
threshold for telling and seeking help from a trusted adult might
be too high and as such, there is a need for a low-threshold
intervention against cyberbullying for adolescents.

NettOpp is a mobile app for adolescents who have been exposed
to cyberbullying or a negative online experience in Norway. Its
evaluation will contribute unique knowledge to the field as there
are very few interventions targeting adolescents who have been
exposed to cyberbullying. The aim of this paper is to provide a
description of the content of the intervention and about its
evaluation. The results of the evaluation will be presented in
other studies. If the intervention is found to be effective, it will
be free of charge and available to all adolescents in Norway.

Challenges
The intervention and its evaluation have several limitations.
First, the intervention may be too comprehensive, aim at too
many areas (ie, knowledge, coping, self-esteem, sleep, mental
health, and reduce cyberbullying rates), and may partly contain
too much information. In particular, the exercise where the
adolescent learns about unhelpful or inappropriate thoughts and
reframing the situation is long and is based on written
information. This might not be appealing to adolescents and
that they will therefore not use it. However, it is difficult to
redesign this exercise to make it more attractive. Furthermore,
we find that the exercise is too important to exclude it from the
intervention. The questionnaire to evaluate the intervention is
long and may lead to dropping out, response fatigue, or saying
no or yes [22]. However, it is necessary to assess these measures
to evaluate the effectiveness of the intervention. Both working
with the intervention and filling in the questionnaire can be
potentially distressing for the adolescents as they are confronted
with the seriousness of the cyberbullying event and their
thoughts, feelings, and consequences of the event. Therefore,
we inform the adolescents about possible contact persons such
as school nurses and provide a number to a helpline in the
information letter and in the online questionnaire. However, in
general, we expect the benefits of the intervention to exceed its
disadvantages.
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Abstract

Background: Emotion regulation is a key transdiagnostic risk factor for a range of psychopathologies, making it a prime target
for both prevention and treatment interventions in childhood. Existing interventions predominantly rely on workshops or in-person
therapy-based approaches, limiting the ability to promote emotion regulation competence for children in everyday settings and
at scale. Purrble is a newly developed, inexpensive, socially assistive robot—in the form of an interactive plush toy—that uses
haptic feedback to support in-the-moment emotion regulation. It is accessible to children as needed in their daily lives, without
the need for a priori training. Although qualitative data from previous studies show high engagement in situ and anecdotal evidence
of the robot being incorporated into children’s emotion regulation routines, there is no quantitative evidence of the intervention’s
impact on child outcomes.

Objective: The aim of this study is to examine the efficacy of a new intervention model for child-led emotion
regulation—Purrble—that can be deployed across prevention and treatment contexts.

Methods: Overall, 134 children aged 8 to 10 years will be selected from an enriched nonclinical North American population;
for inclusion, the cutoff for the parents’ rating of child dysregulation will be ≥10 points in the total difficulties score on the
Strengths and Difficulties Questionnaire. This cutoff was selected to obtain a measurable, but not necessarily clinical, level of
the child’s emotion regulatory difficulties. The selected families will be randomly assigned with .5 probability to receive either
a Purrble or an active control (noninteractive plush toy). The primary outcome will be a daily ecological momentary assessment
measure of child emotion regulation capability (as reported by parents) over a period of 4 weeks. Exploratory analyses will
investigate the intervention impact on secondary outcomes of child emotion regulation, collected weekly over the same 4-week
period, with follow-ups at 1 month and 6 months postdeployment. Quantitative data will be analyzed on an intent-to-treat basis.
A proportion of families (approximately 30% of the sample) will be interviewed after deployment as part of the process analysis.

Results: The study is funded by the UKRI Future Leaders Fellowship (MR/T041897/1) and an in-kind contribution from the
Committee for Children. This study received ethical approval from the Pearl institutional review board (#18-CFC-101). Participant
recruitment started in February 2021, with the 1-month deployment in April-May 2021. The results of this analysis will be
published in 2022.
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Conclusions: This study will be the first quantitative evaluation of the efficacy of an innovative, proof-of-concept intervention
model for an in situ, child-led emotion regulation intervention. Insights into the trajectory of daily changes, complemented with
weekly questionnaire batteries and postdeployment interviews, will result in an in-depth understanding of whether and how the
hypothesized intervention logic model works, leading to further intervention optimization.

Trial Registration: ClinicalTrials.gov NCT04810455; http://clinicaltrials.gov/ct2/show/NCT04810455

International Registered Report Identifier (IRRID): PRR1-10.2196/28914

(JMIR Res Protoc 2021;10(11):e28914)   doi:10.2196/28914

KEYWORDS

randomized controlled trial; children; emotion regulation; in situ intervention; intervention; emotion; protocol; exploratory;
efficacy; model; prevention; treatment; risk factor

Introduction

Maladaptive emotion regulation in childhood is associated with
an increased incidence of both internalizing and externalizing
mental health disorders [1-4]. In contrast, adaptive emotion
regulation in childhood is associated with better mental [5-7]
and physical health [8-10]. For these reasons, emotion regulation
in childhood is a crucial target for treatment and prevention
programs to reduce the societal and personal burden of mental
health disorders [11,12].

Although emotion regulation (ER) skills are malleable, and a
range of predominantly adult-focused interventions have started
to appear in clinical settings (eg, Emotion Regulation Therapy
[13] and the Unified Protocol for Transdiagnostic Treatment of
Emotional Disorders [14,15]), existing work shows that
children’s ER skills are difficult to shape and maintain without
detailed guidance and support [16-18]. This work has also shown
that parenting strategies play a key role in shaping and
maintaining children’s patterns of ER [19-27], but requiring
parents’ involvement in existing training, such as in-person
workshops, represents yet another barrier to treatment because
of well-known issues with access, reach, and cost of parent
training programs.

However, the field lacks evidence-based intervention
mechanisms to deliver cost-effective ER interventions for
children directly in situ, relying instead on extensive in-person
workshops (prevention context) or clinical sessions for children
and parents (treatment context). Existing approaches thus lead
to high costs that disproportionately disadvantage
underprivileged families, who would likely benefit most; such
families face access- and time-based challenges to take part in
available intervention programs [28], although children from
low socioeconomic status populations are at risk of low
emotion-regulation competencies already at an early age [29],
and the gap further widens over the school years [30].

To address the challenges outlined, we developed a
proof-of-concept intervention platform to deliver in situ support
for child ER during everyday emotionally charged situations,
such as the child feeling angry, anxious, or sad. On the basis of
a 2-year-long development [31,32], we worked with children,
parents, and prevention science experts to co-design an
intervention that would support children in strengthening their
ER skills. The research prototype was then produced by the
Committee for Children (a US-based nonprofit developer of

socioemotional learning programs) and Sproutel [33], resulting
in a commercial-grade therapeutic toy called Purrble [34].

The initial research prototypes were designed as the first
instantiation of a novel situated intervention model, which is
delivered through an interactive, socially assistive robot sent
home with the child or used in schools, without any previous
training for either the child or their parent or caregiver. As such,
the psychological effects of Purrble are assumed to arise from
repeated bottom-up support in situ, instead of relying on the
traditional top-down training contexts delivered through
workshops or therapy sessions. In particular, the intervention
logic model relies on a 3-stage approach: (1) enabling the child
to downregulate emotional moments in situ can (2) provide a
preferred alternative to maladaptive emotion regulatory
strategies (eg, rumination or suppression) and, over time, (3)
lead to shifts in child ER competence [31]. For a detailed
description of the hypothesized mechanisms and their links to
the intervention design choices, see the Intervention section.

To date, 2 qualitative deployment studies have investigated the
engagement and acceptability of the prototype in young
children’s homes, as well as subjective indicators of effects on
emotion regulatory practices (whether positive or negative), as
reported by parents and children [31,32]. Findings from these
studies have been very positive: all 25 children engaged with
the prototype throughout the deployments, all wanted to keep
it for longer, and all described how they naturally incorporated
it into their everyday routines and gravitated toward it when
they needed to downregulate their emotions, including anger,
anxiety, or just needing to relax.

Although these early data are promising, we lack quantitative
data on the impact of the intervention on child outcomes. In
particular, evidence is needed to (1) evaluate the efficacy of
Purrble in delivering measurable changes in emotion regulatory
practices of children over time and (2) start validating the
hypothesized intervention logic model. This study aims to fill
these evidence gaps.

Methods

Study Design and Objectives
The objective of this study is to evaluate the impact of having
access to the Purrble intervention, compared with an active
control in the form of a noninteractive plush toy, on child daily
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ER (primary outcome) as well as a range of secondary outcomes
over 1 month.

The study is a 2-arm, exploratory randomized controlled trial
comparing an intervention group (Purrble) with an active control
group (noninteractive plush toy). The deployment period will
be 4 weeks and will include daily parent self-report measures
via ecological momentary assessment (EMA), as well as weekly

validated surveys with a 1-month and 6-month follow-up (see
Figure 1). The intervention period will start immediately after
children receive their arm-appropriate toys. Participants in both
the intervention and active control groups (Figure 2) will be
able to keep the toys after the deployment period ends. Active
control group participants will not be offered Purrble units
postdeployment, as this would unblind the conditions before
follow-up data collection.

Figure 1. Assessment design. EMA: ecological momentary assessment; ERC: Emotion Regulation Checklist; SDQ: Strengths and Difficulties
Questionnaire; TWEETS: Twente Engagement With eHealth Technologies Scale.

Figure 2. Participant selection flowchart.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e28914 | p.31https://www.researchprotocols.org/2021/11/e28914
(page number not for citation purposes)

Slovak et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Intervention
We hypothesize that engagement with an in situ, bottom-up ER
intervention that enables in-the-moment soothing for children
will lead to measurable changes in child self-regulatory
behaviors over time.

Purrble—Intervention Design and Logic Model
The intervention takes the form of an interactive plush toy
(Figure 3), which was designed to be handed over to the child
and support in-the-moment soothing (see Theofanopoulou et al
[31] and Slovak et al [32] for the design and data from previous
deployments).

Figure 3. Purrble plush toy.

The toy is introduced to the child as an anxious creature that
needs attention from humans, such as soft stroking and hugging.
Embedded electronics enable the toy to produce vibration
patterns that simulate a heartbeat (ranging from frantic to slow
and steady). When picked up, the toy emits a frantic heartbeat
that slows down if the child uses calm stroking movements, as
registered by the embedded sensors. If the toy is soothed for
long enough, the prototype transitions into a purring vibration
indicating a calm, contented state. The minimum time for this
transition is less than 1 minute, but the transition can take longer
depending on the child-specific interactions with the prototype.

The logic model underlying the intervention is assumed to
operate on 3 levels building on each other—see the study by
Theofanopoulou et al [31] for more details:

• Level 1 pertains to directly providing in-the-moment
soothing support to children in naturally occurring
emotional moments when they would attempt to calm down.
The toy’s physical and interaction design was aimed at
tapping into various known regulatory factors, grounded
theoretically in the Gross extended process model of ER
[35]. Specifically, we designed the prototype interaction
with the aim to impact 2 separate stages of the ER process:
the attentional deployment stage [36-39], by shifting
children’s attention from the emotion-eliciting situation
toward interacting with the toy, and the response modulation
stage, by facilitating down-regulation through pleasant
tactile interaction analogously to the mechanisms presumed
to underpin emotion regulatory effects of human-animal
interaction [40-45].

• Level 2 is concerned with mechanisms that facilitate
children’s long-term engagement with the intervention,
building on the positive subjective experience of

in-the-moment soothing. The framing of the toy as an
anxious creature in need of assistance is the hypothesized
key driver; we assume that this will not only frame the
interactions regarding helping regulate others’ emotions
(extrinsic ER; [41,46,47]) but also facilitate the creation of
a sense of relationship and responsibility for the well-being
of the creature, similar to the long-term engagement seen
with child-orientated robots [48] or products such as
Tamagotchi [49-51].

• Finally, level 3 is assumed to emerge from repeated
experiences of soothing interactions over time, leading to
a shift in children’s ER practices and implicit beliefs about
emotion (ie, the individual’s beliefs about whether emotions
can be regulated; see study by Ford and Gross [52] for
details). Specifically, we hypothesize that repeated
interactions with the toy will result in a shift in children’s
implicit beliefs about the controllability of emotion [52,53],
a well-known target for intervention [54-58], as well as
help reduce maladaptive ER patterns such as rumination or
suppression [59].

Deployments with the research prototypes underpinning the
current Purrble [31,32] show that, across all 25 families, children
reported that the smart toy was incorporated into the children’s
ER practices and engaged with naturally in moments the children
wanted to relax or calm down. Specifically, the data from [31]
shows that the children interacted with the toy throughout the
week-long deployment (eg, average active use for 74.9, SD 64.1
minutes per day; median 60.5), they found the experience
enjoyable, and all children requested to keep the toy longer.
Children’s emotional connection to the toy appears to have
driven this strong engagement. Parents reported satisfaction
with and acceptability of the toy. No quantitative data on
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changes in ER were collected in previous studies because of
the small sample size and the focus on feasibility and
understanding of appropriation within families.

Active Control Group
When compared with a traditional noninteractive plush toy, the
intervention model underpinning Purrble includes 2 possible
pathways through which the effects should occur:

• The first is the in-the-moment soothing support (level 1 in
the logic model) that we hypothesize is driven by the
interactivity of the toy. The lack of such situated
down-regulation support should thus be the key difference
between the intervention and an active control, that is, a
noninteractive stuffed toy, leading to lower engagement
over time (level 2) and a lack of impact on child ER practice
(level 3).

• However, an alternative pathway is the ER routines (levels
2 and 3 in the logic model) that could, in principle, emerge
around the intervention narrative of a physical object to use
for calming down, even without the toy being interactive.
In other words, if it was simply the narrative of an anxious
creature in need of care (rather than the combination of the
narrative together with the interactivity) that drives
long-term engagement and changes in behavior, a
noninteractive stuffed toy could still lead to the development
of the same routines. We see this as an unlikely scenario,
for example, given the prevalence of plush toys in most, if
not all, households—but one that should be addressed in
the study design.

For these reasons, we argue that a comparison with a nonactive
control—such as waiting list or treatment-as-usual (ie,
nothing)—would not allow us to distinguish the hypothesized
impact on in-the-moment soothing of interactivity versus the
emergence of new family routines and would also be open to
unequal social desirability bias. However, from the perspective
of the hypothesized logic model, it is not necessary for the active
control to have exactly the same form factor as the active toy,
as long as it is comparable in size, shape, and appeal. In fact,
we have explicitly decided not to use deactivated Purrble units
as active controls because of the increased risk of unblinding,
whereby the participants search for or come across Purrble on

the web (or notice the plastic enclosure with electronics inside
the toy) and assume that their unit is malfunctioning.

Selection and Validation of Active Control Units
The selected active control toy is the Wild Republic 8″ Hedgehog
animal. The selection process was guided by the following
requirements: the plush toy needed to have analogous size,
weight, and quality of materials, and at least similar (if not
higher) visual appeal. We also made sure to include the design
characteristics that our previous work suggested were important
for the narrative around the toy [31,32]. These included selecting
a similarly stylized animal (to enable emotion projection and
feelings of care), as well as no visible mouth on the toy (to
prevent setting an expectation about the toy’s emotional state
as a mouth would imply an emotional expression). In addition,
we have adapted the one-page parent-facing descriptions of the
narrative that come with Purrble also for the active control unit;
as such, the active control families will receive the same general
narrative—including that the creature is anxious and needs
human care, but without the explicit mentions of the toy
interactivity—and the same suggested activities for parents.

To validate that the active control is at least as visually appealing
as the intervention, we ran a web-based experiment in which
participants were randomly assigned to rate either the Hedgehog
or the Purrble images. In both cases, the prompts were
professional photos from the front and side on a white
background, presented at equal size (Figure 4). The experiment
was powered to detect a medium-sized effect (d=0.4) at 80%
power for a comparison on a single measure, resulting in a
sample size of 200 (1:1 allocation ratio). Participants were
recruited through the web-based research platform Prolific, with
the survey hosted by Qualtrics (including blocked
randomization). Inclusion criteria for parents were the eldest
child born in 2010-2013 (approximately aged 8-10 years),
country of residence in the United Kingdom or the United States,
and above 95% acceptance of tasks on Prolific. The participants
were prompted to imagine that their oldest child had received
the plush toy pictured above as a present. We then asked 3
questions, with the first question—appeal—preselected as the
primary measure: (1) How appealing do you yourself find the
toy? (2) How appealing do you think your child would find the
toy? and (3) How likely would you be to recommend this toy
to another parent?

Figure 4. On the left, an image of the Hedgehog toy for the active control group. On the right, an image of Purrble for the intervention.
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The results show that the hedgehog was consistently rated higher
than Purrble on all 3 questions (Figure 5). This suggests that,
if anything, the active control should be more appealing to our
study participants than the intervention units: it is a particularly
stringent control condition to test the effect of a visually
appealing, but noninteractive, plush toy. In other words, if it

was purely the visual appeal of the units that would drive child
or parent engagement and the resulting ER effects (as opposed
to the interactivity of the intervention units), we would expect
the active control to show at least as good if not better
engagement and reports of changes in child ER from the
families.

Figure 5. Rating of the questions regarding the appeal of Purrble versus the active control unit, and the likelihood of recommending Purrble versus the
active control unit to another parent.

Participant Eligibility Criteria
Given Purrble’s intended use as a targeted prevention
intervention, we will recruit an enriched population of
neurotypical children, aged 8-10 years, from families in the
United States. The enrichment consists of recruiting families
where the child is seen as struggling with some level of ER
difficulty (as reported by their parent) but is not undergoing
clinical treatment.

The specific inclusion criteria were a child aged 8-10 years,
parent-reported score of ≥10 for the total difficulties score on
the Strength and Difficulties Questionnaire (SDQ). The
exclusion criteria for the child were current participation in
another mental health intervention. In addition, an exclusion
criterion for the parent and/or the child is not being fluent in
English (as all measurement scales are in English).

The target child age range has been selected as collecting
self-report measures from young children is a well-known
challenge, especially when inquiring about complex cognitive
concepts such as those involved in ER [60,61], and our pilot
work in families and schools suggests that acceptability for the
toy is high with children of this age, with children aged 8-10
years still using the toy as intended.

Recruitment, Randomization, and Blinding
Parents will be recruited by sending the study invitation to a
mailing list of approximately 10,000 parents or guardians, whose
children are receiving Committee for Children programs in
school, and who have signed up to receive information from
the Committee for Children.

Once eligibility is proven and parents fill out the baseline
questionnaires, families will be randomly assigned to the
intervention or active control group. Families will be randomized
using a computerized algorithm and randomly permuted block
sizes. The allocation schedule is generated by a Committee for
Children researcher not directly involved in the data collection
(and not aware of participants’ details apart from their address)
and is unknown to the investigator and the participants. The
principal investigators will not be aware of the allocation until
data collection is complete.

Blinding is present: the families will not be aware of the
existence of another condition throughout the study, requiring
the participation cap on students from any single class.

Outcome Measures
The primary outcome will be a daily EMA measure of child
emotion regulation capability (as reported by parents) over a
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period of 4 weeks. Exploratory analyses will investigate the
intervention impact on secondary outcomes of child emotion
regulation, collected weekly over the same 4-week period, with

follow-ups at 1 month and 6 months postdeployment. See Table
1 for a summary of the outcome measures and assessment times.

Table 1. Summary of the outcome measures and assessment times.

Follow-upDeploymentBaselineOutcome measure

6 months1 month2 weeks1 weekWeek 4Week 3Week 2Week 1

Collected
daily

Collected
daily

Collected
daily

Collected
daily

Perceived child ER ability

Collected
daily

Collected
daily

Collected
daily

Collected
daily

Daily parent report ecological
momentary assessment (modified
differential emotions scale)

Collected
daily

Collected
daily

Collected
daily

Collected
daily

Daily parent report ecological
momentary assessment (engage-
ment)

Collected
daily

Collected
daily

Collected
daily

Collected
daily

Daily parent report ecological
momentary assessment (reaction
to triggers)

✓✓✓✓✓✓✓Weekly parent questionnaire
(Strength and Difficulties Ques-
tionnaire)

✓✓✓✓✓✓✓Weekly parent questionnaire (ER
Checklist)

✓✓✓✓✓✓Weekly parent questionnaire
(Twente Engagement With
eHealth Technologies Scale)

✓✓✓✓✓✓✓Weekly children questionnaire
(Difficulties in ER Scale)

✓✓✓✓✓✓✓Weekly children questionnaire
(emotion regulation-beliefs)

✓✓Interviews with families

Primary Outcome Measure
The primary outcome measure will consist of a composite
end-of-day 4-item parent report measure of the perceived child
ER ability throughout the day. The specific items are listed
below, all measured as a visual analog scale [62,63] with not
at all and very much so as the anchors. The composite score for
each day will be computed as the mean value across the 4 items:

1. Today, to what extent was your child able to take difficult
things in a stride?

2. Today, to what extent did your child get easily triggered or
upset? (reverse-scored)

3. Today, to what extent was your child able to calm down
easily if upset?

4. Today, to what extent did your child get very emotional
even after the littlest things? (reverse-scored)

Specifically, this EMA item composite aims to indirectly tap
into day-to-day changes in a child’s ability to downregulate
their emotions after (and thus cope with) triggering situations
they routinely experience in their daily life. Our expectation is
that contact with the Purrble will lead to the following:

1. Lower intensity negative emotions after facing everyday
stressors (eg, by being able to downregulate before

emotional response escalate—cf, level 1 in the theory of
change).

2. Briefer duration of negative emotions after facing everyday
stressors (eg, being able to downregulate emotions faster
with Purrble—cf, levels 1 and 3 in the theory of change).

By being measured repeatedly over time and within subjects,
the items capture the changes in emotional outcomes that would
indicate changes in the child’s ER ability, assuming that the
trait-based reactivity to daily stressors remains stable. The items
were thus selected to tap into the proximal outcomes of ER
behavior that (1) would be affected if the intervention is
effective, (2) is directly observable by parents, (3) is state-based
(rather than trait-based) to enable daily measurement, and (4)
is connected to the intervention theory of change.

The item selection drew on a range of established measures of
emotion dysregulation (Strengths and Difficulties Questionnaire,
SDQ [64], Emotion Regulation Checklist, ERC [65], Difficulties
in Emotion Regulation Scale (DERS) [66], and Children’s
Emotional Management Scales [67]), as well as qualitative data
from previous deployments [31,32] with parental reports of
increased emotion regulation after potentially triggering events
being the common theme.
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Secondary Outcome Measures

Daily Parent Report EMA

In addition to the primary EMA outcome, we will collect several
other daily EMA parent reports. The psychological constructs
targeted are the child’s general mood and daily engagement
with the toy.

The child’s daily mood is measured by selected Modified
Differential Emotions Scale (mDES) [68] emotion triplets,
balancing 2 negative and 2 positive sets, while being informed
by previous qualitative studies. The items are listed as follows,
all measured on a visual analog scale [62,63], with not at all
and extremely as the anchors:

1. How stressed, nervous, or oevrwhelmed did your child feel
today?

2. How joyful, glad, or happy did your child feel today?
3. How angry, irritated, or annoyed did your child feel today?
4. How proud, confident, or self-assured did your child feel

today?

The daily engagement item asks about the general perception
of engagement with the toy (How much did your child play with
the toy today?), measured on a visual analog scale [62,63], with
not even once and they were inseparable as the anchors.

Finally, we will include a series of explorative items that
examine the child’s reaction after potentially triggering events.
We will first ask the parents Did anything happen today that
would typically upset your child? If yes, the protocol follows
with several questions collecting qualitative and quantitative
information regarding the number of such situations, the
intensity and length of subsequent children’s negative reactions,
how many of these situations the child used the toy, who
initiated the use, how helpful or unhelpful it was, and an
opportunity to share open-ended comments or observations.
The purpose of these items is to gain a qualitative understanding
of the toys’ use in challenging situations and to guide post
deployment interviews.

Weekly Parent Reports

We will also collect secondary distal outcomes for both the
intervention and active control groups, with 5 data points
collected during the 4-week main deployment period: at baseline
(just before intervention or control toys are delivered), and then
weekly for a period of 1 month (end of week 1, week 2, week
3, and week 4), and then at 1-month and 6-month follow-up.
The measures include parent reports on distal outcomes of child
emotion regulation (SDQ and ERC) and engagement (adapted
Twente Engagement With eHealth Technologies Scale
[TWEETS]), as well as child reports on their emotion regulation
strategies (DERS) and emotion regulation beliefs (ER mindset).

Weekly Questionnaires—Parents

Parent-reported emotional and behavioral difficulties of the
child will be measured using the 25-item SDQ [64]. This
well-established measure has shown satisfactory reliability and
validity [64,69] and is commonly used to measure the impact
of child-orientated interventions [46,47].

Parent-reported ER lability and competence will be measured
using the 24-item Emotion Regulation Checklist [65]
questionnaire. The ERC measures children’s general emotion
regulation capacities and consists of 23 questions divided into
2 subscales, which we will consider separately: the Lability or
Negativity subscale measures inflexibility, liability, and
dysregulation, whereas the Emotion Regulation subscale
measures positive emotion regulation behavior and capacities,
appropriate emotional expression, empathy, and emotional
self-awareness. ERC is one of the most commonly used
measures of emotion regulation in children [5].

The parent-reported behavioral, cognitive, and affective
engagement with the intervention will be measured using an
adapted version of the Twente Engagement with E-health
Technologies Scale (TWEETS) [70] questionnaire. TWEETS
is a new, promising instrument specifically designed to measure
engagement with digital mental health interventions, with good
reliability in previous studies [70]. The adaptation here is
necessary to track parents’ perceptions of child engagement,
rather than the original self-report version. See Multimedia
Appendix 1 for the fully adapted instrument.

Weekly Questionnaires—Children

Child-reported emotion dysregulation will be measured by a
shortened version of the brief DERS [71], following previous
work with children of similar ages (8-9 years [72]). DERS has
been developed to measure clinically relevant difficulties in ER
across 6-factor analytically derived subscales (awareness of
emotion, clarity about own emotions, nonacceptance of emotion,
lack of effective emotion regulatory strategies, lack of ability
to engage in goal-directed activities, and lack of ability to
manage impulses). The DERS [71,73] has been used extensively
to facilitate understanding of how emotion dysregulation is
associated with psychiatric symptoms and to measure treatment
progress. See Multimedia Appendix 1 for the full adapted
instrument.

Child-reported beliefs about ER beliefs questionnaire [54] have
been adapted to child populations. The questionnaire measures
child entity beliefs about their emotions [52,55,74], that is,
whether children believe their emotions to be controllable. To
simplify the required cognitive load, the adapted measure asks
children to pick 1 out of 4 statements (eg, I cannot control my
feelings at all, I can control my feelings a little, I can control
my feelings a lot, and I can control my feelings all the time)
rather than using the original Likert scale statements asking
about agreement (eg, The truth is, I have very little control over
my emotions). Our preliminary validation (221 children, aged
6-10 years, US sample) showed good reliability (0.844) (internal
pilot study), compared with the adult version [54]. See
Multimedia Appendix 1 for the full adapted instrument.

Postdeployment Interviews (Process Analysis)
We will collect semistructured interview data with parents of
up to 40% of the experimental group sample (20-25 families),
and approximately 25% of the control group (15 families). The
interviews will be conducted within 2 weeks following the
primary data collection period. We will specifically aim to
recruit families who show the highest or lowest change in the
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outcome data over the primary period to qualitatively understand
the potential moderators of intervention responses for future
research.

Following previous work [31], the semistructured interview
guide will explore the engagement with the toy, any qualitative
changes in child or family behavioral patterns that parents
notice, appropriation (ie, how the intervention ended up being
used by different participants), and use trajectory over time. In
addition, we draw on the data from daily questionnaires as part
of the interviews, such as discussing the trajectories of daily
parental reports on child ER with the parent (eg, asking about
specific instances where there is a spike or as a way of referring
to particular times in the deployment).

Hypotheses

Primary Hypothesis

Across the trial, we hypothesize that access to the Purrble
intervention (as opposed to the active control) will lead to an
increase in parent-reported daily child ER ability, as measured
by the primary outcome.

Secondary Hypotheses

Intervention effects will be moderated by daily engagement
with toy and weekly data from the TWEETS questionnaire. In
addition, we expect to see between-group differences in favor
of Purrble for the secondary daily EMA parental-report
outcomes: an increase in the positive mDES items and a
decrease in the negative mDES items.

Finally, as exploratory analyses, we will investigate the
following hypotheses for weekly outcome measures:

1. The decrease in parent-reported emotional and behavioral
difficulties (as measured by the SDQ) will be greater in the
intervention group (smart toy) than in the active control
group (noninteractive toy).

2. The decrease in ER lability and increase in emotion
regulation competence (as measured by the Lability or
Negativity subscale and Emotion Regulation subscale
questionnaires respectively) will be greater in the
intervention group than in the active control group
(noninteractive toy).

3. Behavioral, cognitive, and affective engagement with the
intervention, as measured by the adapted TWEETS
questionnaire for parents, will be higher for the intervention
than the control group.

4. The decrease in child-reported emotion dysregulation (as
measured by the DERS) will be greater in the intervention
group than in the active control group (noninteractive toy).

5. The decrease in child-reported entity beliefs of emotion
regulation (as measured by the ER mindset questionnaire)
will be greater in the intervention group than in the active
control group (noninteractive toy).

Adherence Protocol
We will use the following protocol to encourage participants’
adherence to the data collection schedule. All decision points
are based solely on data collection, rather than any indication
of the intervention use or nonuse. The protocols for daily and
weekly data collection were independently run.

The daily measures adherence protocol will be as follows: when
a participant misses their end-of-day questionnaire, the system
automatically generates a reminder next morning. If a participant
has already received 2 automated reminders in a row and again
misses daily measures, a research assistant will call the
participant (in addition to an automated reminder) on the next
workday, following a predetermined call script. If the participant
does not respond, they will receive one more reminder the next
day, and a second call on the following workday. If no data are
received, the participant will be marked as dropped out as they
will have missed at least 6 subsequent daily measures (ie, more
than 20% of the overall data points). The protocol resets when
the participant submits a daily questionnaire. In summary, the
daily adherence protocol was as follows: 2× reminder, 1×
call+reminder, 1× reminder, and 1× call+reminder, dropped
from the study.

The weekly measures adherence protocol will be as follows:
the survey links will be sent on Saturday midday, with an
automated email reminder on Sunday morning. If data are
missing by the end of Sunday, a research assistant will call the
participant on Monday, following a predetermined call script.
The participants will be sent a new link to the survey, with the
possibility of submitting their response for the week by the end
of Monday. We will not use adherence to weekly surveys as a
decision to drop participants from the study, as weekly surveys
do not collect the primary outcome.

All calls and other communications with participants will be
logged by the research assistant on the web. Although the
research assistant will be able to unblind the participants’
condition if necessary, we do not expect this will be needed in
most of the calls.

Data Analyses
All analyses of daily EMA outcomes (the primary outcome of
daily ER and secondary outcomes of engagement with the toy
and mood), as well as the analyses of the weekly outcomes, will
be conducted using random-effect models for longitudinal
regression. These models consider the nested nature of
repeated-measures data and are robust to data missingness and
violations of the normality assumption. The regression models
will examine the difference in the outcome as a function of the
assigned condition (Purrble vs active control). The models will
adjust for the baseline levels of the score on the total difficulty
scale in the SDQ to decrease noise. To account for
participant-to-participant variability in EMA scoring as well as
in trajectories of change in EMA scores over time, we will
include a random intercept and random slope for time. All
analyses will be conducted on an intent-to-treat basis and will
use data from all randomized participants regardless of their
level of participation.

A separate model will be fitted to each outcome. Given that this
is an exploratory trial, we will not formally adjust for multiple
comparisons. However, we will be cautious in our conclusions
about any significant findings and will interpret all results in
light of all performed analyses.

To examine the link between engagement with the intervention
and ER outcomes, we will conduct 3 types of exploratory
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analyses: first, given that we hypothesize that Purrble will be
more engaging than the control-condition stuffed animal, we
will examine whether intervention engagement is influenced
by the treatment condition. To do so, we will regress our daily
measure of engagement on the treatment condition, controlling
for the previous day’s engagement to reduce noise. Similarly,
we will regress the weekly TWEETS scores on the treatment
condition, controlling for the previous week’s engagement.
Second, we will examine whether engagement moderates the
intervention impact on both our primary outcome, the daily
measure of emotional regulation, and the weekly ERC and SDQ
measurements. For the daily model, we will use our primary
measure, the EMA assessment of ER, as the dependent variable,
and will include, as regressors, treatment indicators and the
EMA measure of engagement, as well as a term for their
interaction. To decrease noise, the model will also include as a
covariate the previous day’s score on the ER measure. Similarly,
for weekly models, we will regress the weekly ERC and SDQ
scores on terms for the treatment indicator, TWEETS score,
and their interaction. As in the daily model, we will also include
a term for the ERC or SDQ score of the previous week to reduce
noise. As an alternative approach, we will consider using the
weekly average of the daily EMA engagement scores rather
than TWEETS for the weekly analyses of the moderating
influence of engagement, as these 2 scales tap into different
aspects of the engagement experience.

Finally, as our logic model postulates that engagement may also
mediate the impact of intervention, we will also conduct an
analysis of the mediating role of engagement. Given the
ambiguities of mediation analyses in longitudinal settings and
the lack of consensus on best practices, for this analysis, we
will follow the original Baron and Kenny approach to
establishing mediation [75]. To do so, we will use, as our
outcome variables, the change scores for the emotion-regulation
measures (ERC and SDQ) from baseline to the end of study
(end of week 4). To measure engagement, we will use the
average of the weekly TWEETS assessments over the course
of the study. To examine the mediating role of engagement, we
will conduct 3 sets of analyses: first, we will estimate the impact
of the treatment condition on the change in ER by regressing
the emotion-regulation change score on the indicator of the
treatment condition. Second, to examine whether treatment had
an impact on engagement, we will regress the average of the
weekly TWEETS assessments on the indicator for the treatment
condition. Finally, we will estimate a model that regresses the
ER change score on both the treatment indicator and
engagement. To assess preliminary evidence on the mediating
role of engagement, we will examine the magnitudes of effect
coefficients in all models, as well as statistical significance, to
determine whether the inclusion of engagement in the model
has reduced the impact of the treatment condition. Given that
the ERC and SDQ tap into different aspects of emotion
regulation, we will conduct these analyses for both ERC and
SDQ change scores.

Sample Size and Power
We calculated the sample size requirements to be able to detect
a difference between the two arms on our primary outcome
measure: the daily parent report of the child’s ER throughout

the day. On the basis of the data from our preliminary studies,
we expect to see a medium effect size for this measure;
therefore, to be conservative, we used a Cohen d of 0.3 in our
sample size calculation. With this assumption, we calculated
the sample size to be able to detect the main effect of the
condition (Purrble vs active control) with 90% power and an α
level of .05. Under the conservative assumption that the
correlation between repeated measures will be 0.75, the required
sample size is 92 participants. We inflated this number by 10%
to help power the exploratory analyses of the secondary
outcomes. Assuming a 20% dropout rate, our final sample size
is 120 families.

Ethical Criteria and Ethics Committee
The study will be conducted according to local regulations and
the Declaration of Helsinki. The Pearl institutional review board
approved the study (#18-CFC-101). Written informed consent
will be obtained from all parents, and written assent will be
obtained from all children. The trial is registered with
ClinicalTrials.gov (NCT04810455).

Results

This study is funded by the UKRI Future Leaders Fellowship
(MR/T041897/1) and the Committee for Children. The ethical
approval was received, and the study is preregistered with
ClinicalTrials.gov. The recruitment procedures started in early
March 2021. The data collection started in mid-April 2021, with
the primary data collection period finished by the mid-May
2021.

Discussion

Principal Findings
This study aims to evaluate the benefits of access to a socially
assistive robot on children’s ER ability in situ, without the need
for training for the child or parents. If successful, the study will
provide a proof-of-concept example of a bottom-up ER
intervention, enabling a new approach to developing child ER
competency through technology-enabled ongoing support in
everyday emotional situations. As such, this work complements
the currently predominant top-down approaches, where ER
strategies are taught in training contexts, and then the children
are expected to transfer these strategies into daily life, often
with no or limited in situ support. If shown effective, these in
situ interventions can inspire a new approach in how ER
interventions can be conceptualized, designed, and delivered.

More generally, ER in childhood is a prime target for a range
of prevention and clinical interventions. In this regard, the
existing Purrble toys can be seen as a potentially highly modular
and extendable platform, where additions or minor changes to
the core interaction paradigm can be used to target a range of
participants (different ages, verbal acuity, etc), and a variety of
different contexts (clinical and nonclinical settings). For
example, our pilot data with clinicians and psychotherapists
suggest potential benefits in the context of eating disorders and
self-harm interventions for adolescents, as well as
complementing therapeutic support for fostered or looked-after
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children. Rigorous empirical data supporting the efficacy of the
current intervention are crucial for such research.

Limitations
The following limitations of this study need to be considered.
First, this study is designed as an exploratory RCT to account
for the uncertainty about the effect sizes that should be expected
given the novelty of the intervention delivery mechanism and
proposed theory of change. The range of selected secondary
measures (and the substantial qualitative process analysis)
reflects this focus on hypothesis generation rather than aiming
to design a definitive trial.

Second, a related limitation concerns the choice of primary
measure. The bespoke 4-item composite measure of the
parent-reported child emotion regulation ability throughout the
day reflects the uncertainty about the impact of the intervention
on distal ER outcomes, aiming to measure time-sensitive
proximal aspects of the expected changes in child emotion
regulatory ability that are also directly observable by the parent.
Future work should target more established measures such as
those targeted by the secondary outcome in this study (SDQ,
ERC, DERS, and ER beliefs). We expect that the necessary
sample size estimation for such studies will be guided by the
empirical data collected in this study.

Third, the current commercial Purrble toys lack the capability
to track in-the-moment interactions over time or gather any
other data on daily use, as do the noninteractive active control
units. As such, the study lacks objective measures of daily
engagement and needs to rely on observer-report measures
(parents), who are unlikely to fully account for the child’s

independent use of the toy. In addition, the lack of
in-the-moment tracking also limits the methods available to
verify level 1 (in-the-moment soothing) and level 2 mechanisms
(child-initiated repeated interaction) from the theory of change.
If the data from this study show the impact of the Purrble
intervention on child ER in situ, future mechanistic or
optimization studies should specifically focus on testing the
pressumed level 1 and 2 processes.

Finally, the study design relies predominantly on end-of-day
parent reports of child ER under naturally occurring daily
stressors. This is in line with other studies on similarly aged
child samples, and the ecological validity of the findings is a
strength of the study design. However, further work could extend
these methods with more controlled measures, such as
in-laboratory experimental measures, as another triangulation
of the meaningful impact of the intervention on child ER.

Conclusions
The proposed study is an explorative RCT that assessed for the
first time the efficacy of a novel intervention model for child-led
ER, delivered in situ through an interactive socially assistive
robot. The strength of the approach lies in the ecologically valid
deployment, with a strong active control condition that limits
the effects of social desirability bias. If successful, the robotic
platform can serve as a proof-of-concept example for a new
approach to ER interventions, shifting the learning support
directly into the daily moments when ER competencies need
to be applied. Such a situated intervention model can be a good
complement to the current therapy or workshop-based
interventions.
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Abstract

Background: Health systems are complex systems involving a vast range of actors. In West Africa, they are often not accessible
or responsive. Burkina Faso has widely expressed, in its public health policy, the need to improve both access to quality care and
health system responsiveness. There is also a strong wish to give more voice to citizens. To support Burkinabè institutions in
achieving these goals, we have developed an action research (AR) protocol.

Objective: This paper presents the protocol that will address citizens’ participation in health policies and their empowerment
through the expression of opinions, for accountability, as well as the strengthening of the health system using information and
communication technologies (ICTs).

Methods: Our approach will consist of (1) enabling people to express their opinions on the health system by means of a toll-free
(TF) service coupled with an interactive voice server (IVS); (2) building an information base with anonymous and reliable data;
and (3) conducting information awareness-raising activities, including knowledge transfer (KT) and advocacy, social integration
activities, development of OpenData platforms, and the capitalization and media coverage of governance issues. For this purpose,
the AR project will be implemented in Burkina Faso. The design uses a concurrent mixed-methods approach. This AR project
will evaluate the acceptability, process, effectiveness, and economic costs of the device’s implementation. We will also analyze
the potential for the data collected by the device to be used to improve practices.

Results: Data collection is in progress; the TF number was officially launched on July 1, 2020, and data collection is planned
to continue throughout 2021. By using mixed methods, our AR will be approached from a variety of perspectives. Mixed methods
will support us in combining the partial insights into sophisticated realities from qualitative inquiries with the data analyses
produced by quantitative research.
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Conclusions: This AR is expected to add knowledge on how to increase the empowerment of the population, especially the
most vulnerable, to participate in democratic processes and enjoy and exercise their human rights. This protocol recommends
implementing a low-cost, contextually adapted technology, associated with an evidence-based approach and carried out on a
significant scale. The originality of this approach lies in the fact that it introduces a real AR dimension with local communities
and nongovernmental organizations (NGOs), combined with an integrated strategy of KT and application throughout the project
for all stakeholders.

International Registered Report Identifier (IRRID): DERR1-10.2196/28780

(JMIR Res Protoc 2021;10(11):e28780)   doi:10.2196/28780

KEYWORDS

health governance; ICTs; citizen participation; responsiveness; social responsibility; Burkina Faso; technology platforms;
democracy; health systems; equity; West Africa; public health; participation; health policy

Introduction

Health is at the heart of the Sustainable Development Goals
(SDGs). Indeed, a healthy society is essential for economic
development, and in turn, economic development is essential
to improve population health. To achieve economic development
and a healthy society, health systems must be more responsive
to people’s needs, as proposed by the World Health Organization
(WHO) in 2000 [1,2]. WHO presents two main subdivisions of
responsiveness: (1) respect for the person (dignity,
confidentiality, autonomy of individuals and families regarding
decisions related to their health) and (2) dignity for the patient
(timeliness of care, access to social support networks during
care, good quality of environment, choice of providers). For
Mirzoev and Kane [3], this concept of responsiveness is complex
and still underexplored [4,5]: “This perhaps explains [the] lack
of comprehensive frameworks that go beyond the normative
characteristics of responsiveness of health services and also
justifies the examination of responsiveness as a distinct
phenomenon” [3]. Successful responsiveness would be based
on first clarifying people’s expectations with a view to
supporting health system actors’ability to respond appropriately
to these expectations. This is an essential objective to achieve
universal health coverage (UHC). Good governance with health
system accountability is a critical component in UHC and quality
of care [6]. Health system governance is a relatively modern
concept that is not yet well assessed by research [4]. As a result,
there is a lack of evidence on governance at the sub- and national
levels. Nevertheless, by improving their governance, several
low- and middle-income countries (LMICs) have made
significant advances in ensuring access to quality health care
compared to other states with similar wealth levels [7]. Despite
the diversity of definitions of this concept, they all emphasize
the importance of community participation and accountability
[4,8]. Several studies have shown the important contribution of
community participation to the success and sustainability of
health programs and interventions [9,10]. It is considered an
integral part of democracy and, as such, is recognized as an
essential tool for health system governance [9]. However,
beyond being a simple tool to improve governance, citizen
participation is a fundamental right and an important objective
to be pursued [11]. Unfortunately, in several sub-Saharan
African countries, health systems are struggling to exploit the
full potential of community participation [12], while community
participation and accountability can be improved by providing

effective channels for citizens to participate in decision making
[13]. Indeed, putting in place institutional procedures for
receiving complaints from users and health workers and
disseminating basic knowledge about patients’ rights are two
ways to improve governance and strengthen the health system
[14].

Giving users a voice would promote health workers’
accountability to patients in order to positively influence their
behavior and thereby improve care quality [15,16]. However,
health workers’ voices must also be included because of their
involvement in the system [17,18]. Their job satisfaction is an
essential parameter that influences productivity as well as the
quality of work [19,20]. Job satisfaction has a significant impact
on quality, efficiency, and commitment to work [21] and, at the
same time, on health care costs [22]. It is crucial that workers’
voices be heard, both to gain a deeper understanding of the
health care system’s dysfunctions and to better assess the
potential impact on patient satisfaction [23].

Various methods exist for collecting complaints, each with its
own limitations: suggestion boxes, which require knowing how
to write; satisfaction surveys, which are sporadic and not
proactive; recourse to justice, which is too often administratively
cumbersome and costly; or complaint services, which raise
issues of discretion with users and health workers [24]. Too
many people are afraid of speaking up or complaining or are
deterred by the lack of reaction to problems on the part of the
system actors and the government [6].

Information and communication technologies (ICTs), such as
mobile phones, offer new opportunities in the health field. In
fact, recent years have seen a drive among international and
local agencies, governments, and institutions to develop projects
using ICTs. Access to mobile technology has become more
democratic [25], such that the population can now become actors
in information production [26]. Mobile health (mHealth) has
the potential to support health systems [27] and help fill
persistent gaps by facilitating communication and information
exchange [28]. In Africa, there are many such interventions
because of the approach’s many advantages (access in hostile
areas, high mobile phone penetration rate, lower costs, ease of
use, etc) [29,30]. Many interventions involve using the short
message service (SMS) [31,32] or voice messages via toll-free
(TF) numbers [33,34] for purposes of information sharing or
prevention.
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In Burkina Faso, in 2014 and 2015, a pilot action research (AR)
project to evaluate the technical, social, and instrumental
relevance of a TF call service with an interactive voice server
(IVS) was tested in 11 sectors in Ouagadougou to give the
population and health workers a voice to express their opinions
on their health system (Multimedia Appendix 1). That AR
project showed that a TF number coupled with an IVS is a
solution suited to the Burkinabè context for the free expression
of views on the health system [35]. Our aim now is to scale up
this AR project over a wider region than the pilot project,
particularly in rural, semiurban, and urban areas. This will make
it possible to compare results according to residential
environment and sociological conditions (cultural differences
between regions).

The AR protocol for setting up a TF-IVS presented here
proposes to deploy a technological platform and strengthen the
capacities of local implementing partners in Burkina Faso to
improve citizen engagement and make health systems more
responsive to their needs.

Methods

AR Approach
We have chosen an AR approach. The researchers involved
have perfect mastery of this concept, which is adapted to both
the country’s context and the problem [36]. The AR approach
will make it possible to continuously adapt the project and
ensure maximum effectiveness for better citizen participation
and consideration of users’ needs in health decision making.
AR is “a participatory democratic process that involves the
development of practical knowledge of interest to the population,
rooted in a participatory worldview that emerges at this
particular historical period” [37].

Using an AR approach, which enables rapid learning, this project
(named TechnOlogie PartIcipation Citoyenne en santé
[TOPICs]) will study the acceptability, process, effectiveness,
and financial cost of the digital device for citizen participation
in health in urban and rural areas. It will also analyze the
potential for using the evidence produced—in other words, the
potential of the data collected by the device (TF-IVS) to improve
practices. Finally, this research will draw lessons from the AR
implementation to facilitate a possible national scale-up in the
event of a successful outcome.

General Objectives and Research Questions
The objective of this project is to evaluate, in Burkina Faso, the
large-scale implementation and acceptability of a technological

system for collecting people’s opinions on the health system,
with a view to improving health governance and informing
citizens about their health-related rights and duties.

The research questions (RQs) are as follows:

RQ1. What are the challenges involved in setting up, operating
on a large scale, and using the digital device to gather the
opinions of users and health workers about the Burkinabè health
system?

RQ2. What factors internal or external to the AR project
influence acceptance of the digital device to gather the opinions
of users and health workers about the Burkinabè health system?

RQ3. What factors internal or external to the AR project
influence the decision making of the actors or decision-making
bodies based on the results of the digital device?

RQ4. How effective is the digital device in gathering the
opinions of users and health workers about the Burkinabè health
system?

RQ5. What are the economic costs of setting up and operating
a system to collect the opinions of users and health workers on
the Burkinabè health system?

RQ6. What are the effects of the knowledge transfer (KT)
strategy and process on decision making?

Evaluability Assessment
We first focused on defining needs and challenges, as well as
on discussions with structures already carrying out similar
experiences (to avoid duplication and ensure our process would
be complementary to theirs).

We met with authorities and stakeholders from the central
government, the region, and localities in the targeted areas. Then
we collected information and made an inventory of the existing
situation. This was followed by a process of validating our
information and strategies. This work with stakeholders
established the beginning of project ownership, a shared
understanding of the implementation strategies, and mutual
agreement on expected responsibilities and results.

Finally, we defined the geographic area to be covered by the
AR project based on the possibility of applying our AR project
both in urban areas (more suited to ICT implementation) and
in rural areas in order to verify its feasibility. The issues related
to project implementation in both rural and urban areas were
among the main challenges considered in this preparation phase.
Figure 1 presents the theory of change for the AR project.
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Figure 1. Theory of change. TF-IVS: toll-free service coupled with an interactive voice server.

Types of Evaluation
Different types of evaluations will be carried out:

• Assessment of the relevance (instrumental, technical,
contextual; RQ1, RQ2, and RQ4) of the digital device for
expressing the opinions of the population and health
workers about the Burkinabè health system

• Process evaluation to assess the factors (related to
technology, context, support tools such as communication
or training, etc) influencing the digital device’s
implementation (RQ1-RQ3 and RQ6)

• Prospective cost analysis (RQ1-RQ5) to estimate the full
economic costs associated with the AR project

• Evaluation of the digital device’s effectiveness for
producing simple and evidence-based results to influence
decision making needed to adapt the health system to the
needs of the population and of health workers (RQ1-RQ6)

This AR project is based on evidence gathered through both a
rigorous literature search and a previous pilot experiment that
identified various subjects on which health center users and
health professionals wanted to give their opinions on the health
system [35].

Furthermore, because health interventions are strongly
influenced by their context, this intervention was carefully
conceptualized in relation to the Burkinabè situation [38]. As
indicated by Craig et al [38], the following dimensions were
taken into account: (1) the contexts in which the AR is intended

to be applied, (2) the ways in which causal mechanisms and
modes of delivery are context dependent, and (3) the dimensions
of the context and how they are defined. As such, the Template
for Intervention Description and Replication (TIDieR) for
population health and policy (PHP) interventions will be helpful
to report our AR project [39].

A group of four partners will implement this AR project: the
International Health Unit (USI) of the University of Montreal,
Canada; the Institut de recherche pour le développement (IRD),
France; Heidelberg University, Germany; and the
nongovernmental  organizat ion (NGO)
Action-Gouvernance-Interaction-Renforcement, groupe de Santé
en Développement (AGIR-SD), Burkina Faso. The AGIR-SD
will conduct activities with the assistance of the IRD and
University of Montreal researchers and the USI. The AGIR-SD
is also involved in a teamwork process with a civil society
organization (CSO) to raise public awareness and to organize
information activities on the existence of the TF-IVS.
Collaboration will be established between the German NGO
Hilfe zur Selbsthilfe (HELP) and the AGIR-SD for coverage
of the AR zones.

Site Selection
The TF-IVS will be implemented on a larger scale than the pilot
project developed in Burkina Faso in 2014 [35], particularly in
rural, semiurban, and urban areas, in order to be able to compare
results according to place of residence and contextual realities,
while taking into account the project’s resources.
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Of the three regions targeted by the AR project, two include the
country’s two largest cities (Ouagadougou and Bobo Dioulasso);
these have a predominantly urban population. Diébougou is a
rural area, which represents a challenge to test technological
AR. The TF-IVS project will cover 14 health districts located

in 3 regions (see Figure 2). It should be noted that in rural areas,
just over half of the population (55.8%) owns a mobile phone,
whereas in urban areas, almost 9 of 10 people (87.0%) own a
mobile phone [40].

Figure 2. Health districts. IRD: Institut de recherche pour le développement.

Study Participants
The direct beneficiaries are the users of health services in the
health regions of the Center, the Hauts bassins, and the province
of Bougouriba and, more particularly, women, girls, and the
poor, as well as health workers and community relays.
Secondary beneficiaries are the entire population; health system
managers; decision makers; and political, administrative,
customary, religious, and CSOs.

Study Setting and Population
In Burkina Faso, three operators share the mobile telephony
market: Onatel, Telecel, and Orange. The mobile phone
penetration rate was 95.95% in 2019 (Regulatory Authority for
Electronic Communications and Posts [RAECP]) [41]. Mobile
phone ownership rates are 79.4% for men and 51.7% for women.
Almost two-thirds (64.3%) of Burkinabè aged 15 years or over

owned a mobile phone in 2014. It is also known that half of the
poorest 20% of individuals have a functional mobile phone, as
do 82.3% of the richest 20% of individuals [40]. At the national
level, 87.4% of individuals who did not own a phone but had
used one in the past 30 days used the phone of a household
member, and 12.4% used the phone of a non-household member.
This access to phones is an opportunity for the initiative to
succeed.

This health AR project will develop a TF number, free of charge,
reachable from any landline or mobile phone, anonymous and
available 24 hours a day, 7 days a week, in any of the 9 main
languages spoken in the areas targeted by the project. Phone
users will use their phone keypad to respond to questions.
Service users and health workers will answer two different
questionnaires designed for their group. Figure 3 outlines the
various phases of the call and the separate themes covered for
service users and health workers.
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Figure 3. Diagram of surveys used.

While maintaining anonymity for ethical reasons, the system
will request elements characterizing the caller, such as the city
in which the health center is located, the health district in which
the health worker is practicing, the sex of the caller, and their
age group. The data collected will be stored on a local server
secure and replicated in Burkina Faso. The data will be instantly
transferred to the database accessible via the internet for
collection.

Thus, persons calling the TF number will be able to answer the
IVS questionnaire (Figure 3) and then will get an opportunity,
at the end of the satisfaction measurement questionnaire, to
receive information about their health-related rights and duties.
The information about health rights that will be disseminated
will have been validated by the project’s technical committee.

A technological platform will be developed and managed by
AfricaSys, which supported the pilot TF number project tested
in 2015 [35] by the NGO AGIR-SD. The technological platform
(Figure 4) will consist of a combination of the TF number, the
IVS, the database, a computer, and a website (where the database
is located). Figure 5 summarizes the design, process, and targets
of the AR project.

The required infrastructure is based on continuous electrical,
telephone, and internet access. A power generator is installed
in Ouagadougou, in a facility belonging to the Institut de

recherche au développement, to cope with frequent power and
internet interruptions.

Support activities will be carried out. Communication activities
will focus mainly on media and nonmedia communication
campaigns in French and local languages. These will be
implemented throughout the project to make known the device
being made available to the population and health workers to
express their opinions. Different communication channels will
be used to enable the project to effectively achieve its
communication objectives. This media campaign will be
reinforced by social integration activities in the form of
information and awareness-raising sessions in the community
(talk-debate, discussion groups, sketches, etc). These will be
aimed at encouraging people to use the digital devices available.
Through a participatory approach, the project will involve
several stakeholders and implement four packages of community
activities:

• Contact with local, religious, and customary authorities for
the project presentation and the negotiation of their adoption

• Meetings with different associations with common
characteristics (people with disabilities, older and young
people, women, craftspersons)

• Public awareness sessions for the general public
• Interactive radio broadcasts on topics related to rights and

duties to health with the testimony of the population and
based on data collected on satisfaction by the TF-IVS
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Figure 4. TF-IVS technological platform. ActiveMQ is free software implementing the JMS specification. C++ is a computer programming language.
MariaDB is free relational database management software. ReactJS is a computer programming language of the graphical user interface (web). SpringBoot
is a set of libraries for the Java computer programming language. JMS: Java Message Service; JSON: (IT) format for structured data exchange; KPI:
key performance indicator; REST API: Representational State Transfer Application Programming Interface; TF-IVS: toll-free service coupled with an
interactive voice server.
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Figure 5. Design process and targets of the AR project. AR: action research; POC: proof of concept; RAECP: Regulatory Authority for Electronic
Communications and Posts; TF: toll free.

Target Size
The AR project will consider the population of the three areas
targeted as well as the associated health workers. The total
population covered in the 14 health districts covered by the
TF-IVS is presented in Table 1 [42].

Table 2 presents the situation (in 2018) of the public and private
health infrastructures and the health worker population in the
TF-IVS coverage areas [43]. The following are considered health
workers: specialist physicians, general physicians, pharmacists,
dental surgeons, specialized nurses, biology laboratory
technicians, state-registered nurses, registered nurses, state
midwives, and state medical officers [44].
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Table 1. Population covered by the ARa.

Total (n)Men (n)Women (n)Location of the regional health department

2,966,3071,490,2321,476,075Center

2,227,2771,101,2571,126,020Hauts bassins

148,27071,22277,048Diébougou

5,341,8542,662,7112,679,143Total

aAR: action research.

Table 2. Public and private health infrastructure and health worker population in the ARa areas in 2018.

Health worker population (n)Private health infrastructure (n)Public health infrastructure (n)Location of the regional health department

3515135162Center

184724208Hauts bassins

159025Diébougou

aAR: action research.

Data Collection and Analysis
To carry out the different types of evaluations proposed before,
we will adopt both a mixed-methods [45] and a multimethod
approach.

Evaluation of the Implementation, Operation, Use,
Acceptance, and Efficiency of the Digital Device
(RQ1-RQ4)
We will approach these different evaluations from diverse
angles, each of which is explained next, first from a quantitative
and then from a qualitative standpoint. This subsection will
address RQ1-RQ4 cited before.

A quantitative approach will be adopted to assess the device’s
use and establish a typology of users. This will make it possible
to analyze the evolution of the device’s use and the progression
of user satisfaction (RQ1, RQ2, and RQ4).

Study Population and Sampling

The study population consists of all users of the digital device
implemented. The data collected over the course of the AR
project through the digital device will constitute data sources
for quantitative analysis (usage evaluation, effectiveness
evaluation, number of calls, number of responses from the digital
device after each communication, etc). Thus, we will look at
the data in the IVS dashboard. Spatial analyses will complement
this quantitative component to assess whether there are
geographical inequalities in the satisfaction with and use of the
digital device. These analyses will also make it possible to
evaluate the use of the TF number by location (geographical
zone or health district). All the data will be organized in a
geographic information system (GIS) using the QGIS software
(Open Source Geospatial Foundation) program.

Collection Instruments

The quantitative data will be derived from the satisfaction
questionnaire administered to people calling the IVS through
the digital device set up by the AR project (see before). The
questionnaire (Multimedia Appendix 2) has been constructed
based on a review of the scientific literature and survey tools

deployed to measure health system quality, services and care,
perceived health status, and care seeking (use of and access to
services). Several steps regarding the validation of the testing
instrument were necessary. They include (1) validation of the
questionnaires and messages on health rights and duties by the
project team, the steering committee, and the communication
unit of the Ministry of Health; (2) translation of the
questionnaires and messages and validation of the translations
(in terms of form and content); (3) validation of the tools by the
ethics committee included in the research protocol; and (4)
digitization of the tools in the IVS and testing the tool’s
functionality (verification of the coherence between the
questions and the question jumps, and the data’s
synchronization) by the project team and the technical partner
AfricaSys.

Data Analysis

Quantitative data will be subject to automated descriptive
analysis and disaggregated by sociodemographic characteristics
(gender, age groups, place of residence) and types of health
facilities involved. The variables of interest will be those asking
for the user’s opinion on the user’s care. We will conduct a
descriptive evaluation to identify trends in caller characteristics.
For all analyses, we plan to use R (Lucent Technologies) [46],
an open source software package for computing and statistical
graphs.

All data will be mapped at either the provincial level (health
service users) or the health district level (health personnel). This
will make it possible to identify possible territorial inequalities.
Spatiotemporal statistics will be produced (Kulldorff spatial
scan method [47,48]) to assess potential geographical
fluctuations in time and territory (12 months) of calls and
satisfaction variables.

Likewise, an analogous analysis will be carried out to identify
associations between the use of digital devices by the population
and actions to encourage their use. Indeed, we plan to document
all communication and outreach activities daily throughout the
implementation. This information will be used to measure the
relationship between the number of communication campaigns,
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their intensity, their type, and the number of calls. The idea is
also to measure the duration of the effect of the campaigns on
the number of calls, that is, we will calculate how long after the
last campaign the number of calls drops.

This analysis will be further developed through the qualitative
component.

Demographic data (age group, gender, municipalities, type of
health facility concerned) will provide details on the
characteristics of individuals who have used the digital device.
Comparing these data with those of the general population
census of municipalities covered by the AR will provide an
indication of profiles of users of the digital device. The numbers
of proper completions of the questionnaire via the TF-IVS will
be interpreted as an indicator to measure the ease of use of these
digital devices. Nevertheless, selection biases may persist despite
the cultural consideration and adaptation of the communication
strategy in the field and will be considered in the data analysis.

A qualitative approach will also be adopted to determine the
conditions for success or failure of the AR project as a whole
and of the digital device and the various support activities
specifically [49]. In particular, we will seek to identify factors
related to the use of the digital device by the population, on the
one hand, and those associated with the use of the project results
by social and health authorities, on the other (RQ2 and RQ3).
This will provide an understanding of the technical challenges
of operating and using the digital device and using the results
produced (RQ1). Similarly, we will conduct an evaluation of
the project’s effectiveness as perceived by the various
stakeholders (RQ4).

Acceptability Evaluation (RQ1-RQ3)
The success of an AR project’s implementation depends on its
acceptability, both for the implementing actors (patients,
researchers, health professionals) and for the beneficiaries
(patients or health professionals) [50]. Although acceptability
is a necessary but not sufficient condition for the effectiveness
of an AR project [51], we believe it is crucial to study it, given
the exploratory nature of the research and the technological
innovation of this AR project. We have adapted the conceptual
framework proposed by Sekhon et al [52], which characterizes
acceptability as a multidimensional construct that illustrates the
degree to which people who give or obtain a health care
intervention consider it suitable, based on planned or
experienced psychological and emotional responses to the
intervention. The seven dimensions of acceptability proposed
in this framework will be measured. These are (1) the emotional
attitude of the targets (users and health workers) toward the AR,
(2) the coherence/understanding of the AR, (3) the opportunity
cost of participating in the AR, (4) the perceived effectiveness
of the AR, (5) self-efficacy, (6) the perceived amount of effort
required to take part in the AR, and (7) the degree to which the
AR is a good fit with an individual’s value system.

The implementation study will be based on the Consolidated
Framework for Implementation Research (CFIR; RQ1-RQ4)
[53]. This conceptual framework recommends basing the study
of factors influencing the implementation on five main
dimensions: (1) the characteristics of the AR, (2) the external

context of the health facilities, (3) the internal structure of the
health facilities, (4) the characteristics of individuals, and (5)
the process of implementing the AR project. Each of these
dimensions includes useful constructs, chosen based on about
20 other frameworks. Given the exploratory nature of the AR
project, we will not limit ourselves to these constructs during
data collection and will endeavor to capture all additional
information that may be useful to understand its implementation.

Sampling Population and Collection Instruments

Concerning RQ1-RQ4, three main targets will be of interest.
These are:

• Target 1: project team members (04)—implementers and
monitoring staff

• Target 2: Sociohealth authorities (regional health directorate
[RHD], district executive team [DET], management
committees, local elected officials)—key informants with
relevant ministries’ representatives

• Target 3: community members (CSOs, health committees,
health service users, health workers, etc)

We will make a purposive selection of the various targets likely
to provide the best information about the AR project,
implementation challenges, acceptability, use of devices, and
application of results. Purposive sampling is used to select units
that can provide the most insight into the issues that are
important for the evaluation [54]. This type of sampling enables
analytic generalizations (predictions of the probable portability
of results grounded in a theoretical investigation of the effect
of context and the factors that produce the direct effects).
Criteria used for sampling will incorporate criteria for inclusion
in a specific category as cited before, as opposed to cases that
are external to a particular criterion [55]. In this way, we will
ensure maximum variation within the targets (selection
according to age, gender, participation or not in the AR,
beneficiaries or not of KT training, etc). Particular attention
will be paid to collecting the needs of specific populations, such
as women, adolescents, and vulnerable persons.

The objective of theoretical saturation is to provide maximum
detail about the AR project. It is thus a matter of selecting
individuals who will ensure that all aspects of the AR project
are included in the review to the point where no further
substantive new knowledge is collected [56].

Private face-to-face interviews will be used to collect data. These
will be conducted in French using the interview guide
(Multimedia Appendix 3) developed based on the various
conceptual frameworks cited before.

Data Analysis

We will use the procedure for analyzing qualitative data in
health research developed by Gale et al [57]. Thus, all interviews
will be recorded after obtaining the interviewees’ consent and
then fully transcribed. The transcribed data will be coded using
NVivo 12 software (QSR International) and then analyzed.
Through content analysis, we will seek to understand general
trends and particularities as well as recurrences and
discrepancies by focusing on comparisons between stakeholder
groups.
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We will also undertake reflective analysis of the AR project to
document successful practices and key implementation steps.
This will take the form of workshops with the stakeholders to
ask about their practices and the adaptations that enabled them
to optimize the project implementation.

Economic Analysis (RQ5)
We will conduct a prospective cost analysis to assess the full
economic costs associated with the AR project, collecting
information as the project is being rolled out. Our aim will be
to capture the full value of all resources used by any of the
parties involved in the design and implementation of a given
activity related to the AR. We will adopt a health system
perspective, accounting for all costs incurred, whether for
equipment, personnel mobilized, or activities.

Sampling and Collection Instruments

To trace all costs pertaining to the design and implementation
of the AR project, we will adopt an activity-based costing (ABC)
approach. Accordingly, we will start by mapping all microlevel
activities related to the design and implementation of the
initiative and then trace all resources consumed by these
activities. We will supplement these first two steps by reviewing
the complete documentation of the AR project and engaging in
repeated exchanges with key stakeholders.

To attribute a value to either single resources (when possible)
or complete activities (should the former not be possible), we
will extract relevant cost information from the financial
statements of the implementing partners. To estimate resource
consumption for activities that cannot be traced in financial
statements, we will conduct key informant interviews with
implementation partners. We will obtain unit costs for valuation
from existing costing sources in Burkina and, when necessary,
complement that information with other information reported
by key informants during interviews.

Data Analysis

To estimate the full economic cost of the AR project, we will
multiply the resources consumed by the related unit costs and
aggregate cost information across sources. In addition, to
produce an accurate estimate of which activities and cost
categories absorb the highest proportion of costs, we will
disaggregate the analysis into both activity (eg, training,
supervision) and cost categories (eg, mobile phone charges,
personnel, transport). Our analysis will differentiate start-up
costs from implementation costs.

KT Analysis (RQ6)
We will apply an integrated KT and knowledge translation
strategy throughout the AR project. To measure the effects and
processes of the KT approach to decision making, a
mixed-methods approach (quantitative and qualitative) will also
be used.

As a first step, to measure the overall satisfaction of participants
in training and deliberative workshops, their appreciation of the
content, and their suggestions for improvement [58] and to
evaluate their intention to use the knowledge, we will undertake
a quantitative analysis.

Study Population and Sampling

For the KT evaluation, the study population will comprise
participants both in KT training sessions, including project team
members (implementers and monitoring staff), and in
deliberative workshops (sociohealth authorities—RHD, DET,
management committees, local elected officials) and key
informants from relevant ministries.

Collection Instruments

Data will be collected at the end of each training session and
workshop and again 3 months later. Because of the difficulty
of obtaining objective measures of change through observable
behaviors, we will use indirect measures based on social
cognition theories. The theory of planned behavior (TPB)
measures the intention to use the information to change practices
[59-61]. More specifically, the TPB states that the intention to
engage in new behavior is predicted by the attitude toward the
behavior to be adopted, the subjective social norm surrounding
this behavior change, and the perceived control over the change
to be made [62]. A reliable, innovative tool (α from 0.69 to 0.89
and G from 0.5 to 0.9) with 15 questions will be adapted to
measure the participants’ intention to use the content presented
[63]. It should be noted that this is essentially the same tool that
will be used to evaluate training and deliberative workshops
(see Multimedia Appendix 4).

Data Analysis

Data from the intent survey will be treated as continuous
variables, and changes between different measurement times
will be examined using a repeated-measures analysis of variance
at the time variable. We will use the process tracing method
[64] to explore information from the analysis of the quantitative
questionnaires used to develop an initial portrait of potential
users’ attitudes toward the research and their intention to use
the items discussed in a deliberative workshop. This method
will allow us to combine quantitative results with qualitative
data from the interviews.

In addition to these data to be collected, it is essential to assess
the use of knowledge for behavior change (activities carried
out, decisions taken and implemented; RQ6); for this purpose,
we will also perform a qualitative analysis.

Sampling Population and Collection Instruments

The KT assessment will also be based on qualitative interviews
(see the interview guide in Multimedia Appendix 5). Three
months after the activities, a semistructured interview grid will
cover the important points for the evaluation, while leaving the
necessary scope for further study of relevant elements that arise
during the interviews [54]. The dimensions addressed in these
interviews will allow us to complete and understand in greater
depth the information collected using quantitative tools
(reactions, attitudes, and intention to use). Results of the
qualitative and quantitative analyses will be triangulated using
a triangulation-convergence approach [45], in which the
quantitative and qualitative components identify the same object
in parallel, before being combined at the time of interpretation
to increase the richness of the conclusions and contrast the
information from complementary analytical angles.
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In addition to formal interviews, we will also use qualitative
data from informal interviews with different stakeholders,
participant observations during the workshops, and activity
reports (technical committee meetings, steering committee
meetings, KT workshops, etc). These additional data will be
used mainly to assess the impact of the KT strategy and
data-sharing activities on the use of results for decision making
by health and social authorities.

Qualitative Data Analysis

The qualitative material will be subjected to an iterative [56,65]
thematic examination. The frequency of use and the nature of
the knowledge used will be studied applying descriptive
analyses, and analyses of variance will be used for comparative
investigation of research use by demographic variables (user
type, workplace, etc). Exploratory factor analysis will identify
the internal structure of factors and their equivalence for
respondents in various categories. The predictive power of these
factors in knowledge use will then be examined by multiple
regression.

Communication Campaigns to Publicize the TF
Number’s Evaluation

Study Population and Sampling

For the campaign’s evaluation, the study population will be
composed of sociohealth authorities (RHD, DET, management
committees, local elected officials—critical informants with
relevant ministries’ representatives) and community members
(CSOs, health committees, health service users, health workers,
etc).

Collection Instruments

Data will be collected at the end of each restitution session,
which will be organized. The quantitative data will be derived
from a questionnaire. The survey will measure the dimensions
of interest, originality, visual appeal, instructive, and
memorability of the campaigns.

Data Analysis

Quantitative data will be subject to automated descriptive
analysis and disaggregated by sociodemographic characteristics
(gender, groups, place of residence) and types of stakeholders
involved (policymakers/CSO members/health center users).
The variables of interest will be those asking for the
stakeholders’ opinions on the effectiveness of the
communication campaign to publicize the TF number. For all
analyses, we plan to use R or computing and statistical graphs.

An even more in-depth evaluation of the effect of the
communication campaigns on the use of the TF number (also
through community work to raise awareness about health rights
and duties) could be carried out by the project’s donor, World
Affairs Canada, during its final evaluation.

Patient and Public Involvement
This study protocol emerged during a series of meetings with
authorities and stakeholders from the central government, the
region, and areas in the targeted areas regarding their health and
health care needs. This project is aimed at the population and
health workers; they were indirectly involved in this study’s

design. This project is based on evidence gathered through both
a rigorous literature search and a previous pilot experiment in
Burkina Faso that identified various subjects on which health
center users and health professionals wanted to give their
opinions on the health system. For the evaluation of the
implementation, operation, use, acceptance, and efficiency of
the digital device, the persons involved will mainly be the
project team members, the sociohealth authorities, and
community members. Finally, to maximize collaboration and
to ensure that knowledge users are invested in using the study
findings, a KT approach will be embedded throughout this
project. Those who will benefit will be participants both in KT
training sessions, including project team members, and in
deliberative workshops and key informants from relevant
ministries.

Results

Data collection is in progress, the TF number was officially
launched on July 1, 2020, and data collection is planned to
continue throughout 2021. By using mixed methods, our AR
will be approached from a variety of perspectives. Mixed
methods will support us in combining the partial insights into
sophisticated realities from qualitative inquiries with the data
analyses produced by quantitative research.

Data Dissemination
The data collected through the TF-IVS will be analyzed
regularly, and the results will be disseminated on an ongoing
basis to provide users of the health system and health authorities
at all levels of the system with evidence to improve decision
making. This sharing of results will be done through regular
feedback to administrative personnel, health authorities, and
CSOs. In addition to the activities planned in the KT strategy
(as described in the Data Collection and Analysis section), the
data-sharing strategy is defined as follows:

• An open data platform will be developed. It will be
interoperable with the District Health Information System
2 (DHIS-2) of the National Health Information System
(NHIS) to integrate the essential indicators. Presently, there
are no secure servers in Burkina Faso capable of hosting
24 hours a day, 7 days a week, with optimal reliability the
data that will be generated. Thus, initially, the data will be
sent to France (OVH Roubaix), but a replication of the
database will be set up in Burkina Faso. However, Burkina
Faso’s health ministry and its health information systems
services are currently building a data center to host all the
country’s health data. Once the health ministry’s data center
is accessible, the project’s data hosting will be migrated to
the ministry’s system. An automated information-sharing
module will reinforce this approach for members of the
project’s technical and steering committees and other key
stakeholders. The results will also be posted to the TOPICs
project web portal, at which time they will be viewable by
anyone in the population.

• A documentary film will be produced at the end of the
project on the issues of governance and access to quality
care for the most vulnerable. This film will be shared with
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the population, public decision makers, and other
stakeholders.

• Reports on results, collection strategies, and means of
expression will be prepared based on each of the technology
assessments deployed. A capitalization report based on the
evaluation reports will be prepared for the dissemination
and popularization of the project results. This report will
be made available to international, national, regional, and
local institutions (policymakers, decision makers, CSOs,
NGOs, associations, researchers, ICT/equality between
women and men [EWM] experts).

Ethical Considerations
Ethical approval was obtained from the Institutional Health
Research Ethics Committee (IRSS) on September 24, 2019.
The protocol research project registration number is
23–2019/CEIRES.

The use of the TF number will be free and voluntary. No
personal information will be compiled from it. In this way, the
data collected will be anonymous and kept confidential. The
telephone operators who route the calls to the platform have
contractually agreed to respect the confidentiality of the data
and metadata of the calls. The software publisher has also
contractually committed not to monitor or use identification
data. Number capture, even if partial, was activated to identify
the source telephone operators and quantify the share of each
in terms of call flow (an important metric for the project).
Finally, the software publisher has implemented additional
security mechanisms for accessing and using the data with (1)
secure individual access via a virtual private network (VPN),
(2) a connection via a login and password to access the data,
and (3) the implementation of a mechanism that allows, via
pseudo-anonymization based on the SHA-256 hash algorithm,
to transform each actual telephone number into a unique and
irreversible digital fingerprint. A correspondence table has been
set up in a different database, always with secure access.

All individual interviews will be conducted after the free and
informed consent of the people interviewed. There is no risk
associated with participating in this research project. The people
who will be met will not receive any financial reward for their
participation.

However, AR has policy and ethical implications that go well
beyond the pure concerns of the free and informed consent of
human subjects encountered in traditional research. Access to
data; information use during and after investigation; the
intellectual property of publishable materials resulting from the
process; decision making throughout the study; and the impact
of change on the individuals, organizations, and interest groups
involved are essential issues that will inevitably confront the
researchers.

Discussion

Importance of Principal Findings
mHealth technologies should contribute to improving the
conditions of access to and provision of health care, while
supplying a means to support public health policies [27]. Given
human resource shortages and a lack of material and

infrastructural support, the mobile device consequently would
appear to reduce financial costs [66], be time effective, and
overcome distances. Thus, mHealth constitutes a useful tool for
reducing the technical and human burden of setting up surveys,
making it possible to develop multiple data sources that are
easily accessible and transferable between actors. Many such
interventions [67] in sub-Saharan Africa offer information or
prevention services [29] or give patients an opportunity to call
a TF number and talk with a contact person. However, the use
of SMS has shown its limitations [68], especially when
addressing a rural population. In the literature, there are few
interventions using ICTs associated with the IVS to improve
health services access and health system governance at the same
time.

Strengths
Our protocol is innovative for several reasons: On the one hand,
it proposes a technology associated with an evidence-based
approach, adapted to the context, performed on a large scale,
equitably and presumably at low cost; on the other hand, this
approach is original in its AR dimension with communities and
local NGOs, which includes a real KT component and spatial
analysis of data, while using mixed methods of AR evaluation.

The IVS will be used to administer a survey to patients and
health workers in the areas targeted by the project. This
questionnaire was constructed through a rigorous scoping review
that referenced the content offered to patients to measure
satisfaction with the quality of and access to health care in West
Africa [69-72]. It incorporates topics chosen by callers during
the first phase of the TF-IVS pilot project [35] in connection
with health system reforms, particularly in terms of the
introduction of certain free services [73].

This AR project is to be carried out on a large territorial scale,
integrating urban, rural, and periurban territories. The three
zones combined cover 25% of the national population and are
therefore intended to be reasonably representative of national
opinion.

This questionnaire has been designed to be anonymous,
adaptable, accessible, equitable, user friendly, and
understandable (with clear instructions) to a heterogeneous
population. For this purpose, a faithful translation into eight
languages will make it possible to offer this service to the entire
community of the targeted localities. This service will be
available for all, everywhere and anytime, allowing people to
give their opinion openly and anonymously.

The choice was made to conduct an audio survey rather than
using SMS, because the former does not require any writing or
reading skills and can thus be accessible to everyone. The
necessary device is easy to use (the service is intuitive and easy
to handle) and does not require a smartphone, just a touch phone.

Sustainability is an essential consideration when implementing
an AR project [74]. Here, sustainability is supported on two
fronts: (1) the call is free for the target populations and the user’s
device is widely available (can be purchased or borrowed) and
(2) costs are low, in terms of human and financial resources,
for the organization that finances the project.
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Moreover, touch-key technology enables additionally detailed,
rigorous, and objective analysis, while being more efficient in
terms of resources and time. It facilitates data management, in
that data can be processed automatically online. Analyses will
be executed over time and geographically. These spatiotemporal
data represent a relevant added value for the evaluation of the
project because they will measure spatial disparities in health
care quality satisfaction. In addition, these types of mapping
results are data that can be easily explained to decision makers
and the public [75].

The uniqueness of this AR project lies, in particular, in the
importance of making results available in several ways to
different actors and in as many geographical areas as possible
(at the regional and health district levels). This can be done by
implementing an elaborate KT strategy based on the evidence
regarding KT effectiveness [76]. The strategy will consist of
(1) training [77] all implementing partners in techniques for
making research results accessible to and usable by decision
makers and the public from the start of the project and (2)
presenting these results (problems identified by the AR and
recommendations and proposals for action plans) at deliberative
workshops, at the middle and end of the project, in the form of
policy briefs [78] to complement the evidence produced by the
project with other data from local expertise so that the resulting
AR can be piloted in a feasible, applicable, and
research-informed manner. The results of this work will be
disseminated and shared through various information and
awareness-raising strategies to encourage their adoption by
health actors [79], and in particular by making data available
on the platform to decision makers and other stakeholders in
the health system.

However, for this KT strategy to be successful, it will be
necessary to carry out in parallel the essential activity of making
people aware of their health-related rights and duties, while

informing them about the existence and the importance of using
the TF number. Indeed, significant efforts will be made to create
an enabling environment for people to understand and accept
the system and be able to use it [80]. For that purpose, the AR
project envisions involving local radio stations, communities,
spiritual groups, trade unions, and local, religious, customary
authorities.

The last main strength of this project is the evaluation approach,
which is suited to complex problems. It will be subtle, in that
it will be designed according to mixed methods, where each
method will be applied rigorously in relation to the criteria set
out before in the methodology. A convergent sort mode will be
used to connect the data from a quantitative phase with the
collection and analysis of data from another qualitative phase
in order to be able to produce an assessment as relevant as
possible throughout the AR project.

Conclusions
To have a healthy society, everyone must be able to benefit
from UHC, which implies an approach centered on the right to
health. Achieving this goal requires not only strong political
will but also the participation of all stakeholders. It is in this
perspective that our AR project will take place. To improve
health governance, we propose to exploit the technological
potential of mobile telephony by offering a free service aimed
at legitimately highlighting poor practices to serve as a basis to
improve their management with the support of public opinion
and health workers. In this way, the AR project would empower
people to participate in democratic processes and to enjoy and
exercise their human rights. Special attention will be paid to
evaluating the project. By measuring its effectiveness, or lack
thereof, we will be able to understand why, how, and under
what conditions it can be most successful, based on the evidence
produced. This approach could be relevant for supporting
governments in their quest to improve population health.

 

Acknowledgments
This work is supported by Global Affairs Canada (grant no. D003027/P01475) and stems from the call for proposals “Technological
Platforms for Strengthening Public Sector Accountability and Citizen Engagement.” The project was selected by Global Affairs
Canada through a competitive process. Ethical approval was obtained by the Institutional Health Research Ethics Committee
(IRSS) through its ethics committee, the Institutional Ethics Board for Health Sciences Research (IEBHSR), on September 24,
2019. The action research (AR) protocol has the research project registration no. 23–2019/CEIRES. All of the AR data will be
deposited into a dataverse on https://data.ird.fr and will be accessible for consultation.

Authors' Contributions
SB wrote the first draft of the paper with the support of VR, EB, MDA, and CD. All coauthors revised the manuscript as well as
read and approved the final version.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Summary of the AR pilot project implemented in Burkina Faso in 2014 and 2015. AR: action research.
[PNG File , 714 KB - resprot_v10i11e28780_app1.png ]

Multimedia Appendix 2

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e28780 | p.57https://www.researchprotocols.org/2021/11/e28780
(page number not for citation purposes)

Biau et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v10i11e28780_app1.png&filename=0115dfb64779db60894601db99cffa22.png
https://jmir.org/api/download?alt_name=resprot_v10i11e28780_app1.png&filename=0115dfb64779db60894601db99cffa22.png
http://www.w3.org/Style/XSL
http://www.renderx.com/


Interview guides.
[DOCX File , 27 KB - resprot_v10i11e28780_app2.docx ]

Multimedia Appendix 3
TF-IVS questionnaire. TF-IVS: toll-free service coupled with an interactive voice server.
[DOCX File , 55 KB - resprot_v10i11e28780_app3.docx ]

Multimedia Appendix 4
Interview guide for evaluation of the deliberative workshop.
[DOCX File , 19 KB - resprot_v10i11e28780_app4.docx ]

Multimedia Appendix 5
Workshop evaluation questionnaire.
[DOCX File , 36 KB - resprot_v10i11e28780_app5.docx ]

References
1. DeSilva A, Valentine N, World Health Organization. Global Programme on Evidence for Health Policy. ( 2000) . Measuring

responsiveness: results of a key informants survey in 35 countries. 2000. URL: https://apps.who.int/iris/handle/10665/67781
[accessed 2020-02-26]

2. Murray CJL, Evans DB, World Health Organization. Global Programme on Evidence for Health Policy. ( 2003) . Health
systems performance assessment : debates, methods and empiricism. 2003. URL: https://apps.who.int/iris/handle/10665/
42735 [accessed 2020-06-16]

3. Mirzoev T, Kane S. What is health systems responsiveness? Review of existing knowledge and proposed conceptual
framework. BMJ Glob Health 2017;2(4):e000486 [FREE Full text] [doi: 10.1136/bmjgh-2017-000486] [Medline: 29225953]

4. Siddiqi S, Masud TI, Nishtar S, Peters DH, Sabri B, Bile KM, et al. Framework for assessing governance of the health
system in developing countries: gateway to good governance. Health Policy 2009;90(1):13-25. [doi:
10.1016/j.healthpol.2008.08.005] [Medline: 18838188]

5. Gilson L, Palmer N, Schneider H. Trust and health worker performance: exploring a conceptual framework using South
African evidence. Soc Sci Med 2005;61(7):1418-1429. [doi: 10.1016/j.socscimed.2004.11.062] [Medline: 16005777]

6. Van Belle S, Mayhew SH. What can we learn on public accountability from non-health disciplines: a meta-narrative review.
BMJ Open 2016;6(7):e010425 [FREE Full text] [doi: 10.1136/bmjopen-2015-010425] [Medline: 27388347]

7. Yuan B, Jian W, He L, Wang B, Balabanova D. The role of health system governance in strengthening the rural health
insurance system in China. Int J Equity Health 2017;16(1):44 [FREE Full text] [doi: 10.1186/s12939-017-0542-x] [Medline:
28532418]

8. World Health Organization. Health Systems Governance for Universal Health Coverage, Action Plan. 2014. URL: http:/
/www.who.int/universal_health_coverage/plan_action-hsgov_uhc/en/ [accessed 2019-11-15]

9. Langseth P. Civil service reform: a general view. In: Villadsen S, Lubanga F, editors. Democratic Decentralization in
Uganda: A New Approach to Local Governance. Kampala: Fountain Publishers; 1996:1-35.

10. Sinha D. Empowering communities to make pregnancy safer: an intervention in rural Andhra Pradesh. In: Health and
Population Innovation Fellowship Programme Working Paper no. 5. New Delhi: Population Council; 2008:1-36.

11. Rifkin SB. Community participation in maternal and child health/family planning programmes : an analysis based on case
study materials. In: WHO IRIS. Geneva: World Health Organization; 1990.

12. Standing H. Understanding the 'demand side' in service delivery : definitions, frameworks and tools from the health sector.
London: DFID Health Systems Resource Centre; 2004. URL: http://www.heart-resources.org/wp-content/uploads/2012/
10/Understanding-the-demand-side-in-service-delivery.pdf [accessed 2020-06-15]

13. McGee R, Pettit J, editors. Power, Empowerment and Social Change. New York: Routledge; 2019.
14. World Health Organization. People-Centred and Integrated Health Services: An Overview of the Evidence. 2015. URL:

https://www.who.int/servicedeliverysafety/areas/people-centred-care/evidence-overview/en/ [accessed 2019-11-29]
15. Boydell V, McMullen H, Cordero J, Steyn P, Kiare J. Studying social accountability in the context of health system

strengthening: innovations and considerations for future work. Health Res Policy Syst 2019;17(1):34-36 [FREE Full text]
[doi: 10.1186/s12961-019-0438-x] [Medline: 30925889]

16. Sebert Kuhlmann KA, Gullo S, Galavotti C, Grant C, Cavatore M, Posnock S. Women's and health workers’ voices in
open, inclusive communities and effective spaces (voices): measuring governance outcomes in reproductive and maternal
health programmes. Dev Policy Rev 2017;35(2):289-311. [doi: 10.1111/dpr.12209]

17. Mbwele B, Ide N, Mrema J, Ward Sarah A, Melnick J, Manongi R. Learning from health care workers' opinions for
improving quality of neonatal health care in kilimanjaro region, northeast Tanzania. Ann Med Health Sci Res
2014;4(1):105-114 [FREE Full text] [doi: 10.4103/2141-9248.126614] [Medline: 24669341]

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e28780 | p.58https://www.researchprotocols.org/2021/11/e28780
(page number not for citation purposes)

Biau et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v10i11e28780_app2.docx&filename=74dadab64863d000c81a8b7e39d010fd.docx
https://jmir.org/api/download?alt_name=resprot_v10i11e28780_app2.docx&filename=74dadab64863d000c81a8b7e39d010fd.docx
https://jmir.org/api/download?alt_name=resprot_v10i11e28780_app3.docx&filename=be1fcf5e9a447765f10c1d87ebb8e763.docx
https://jmir.org/api/download?alt_name=resprot_v10i11e28780_app3.docx&filename=be1fcf5e9a447765f10c1d87ebb8e763.docx
https://jmir.org/api/download?alt_name=resprot_v10i11e28780_app4.docx&filename=fa4724f4911c3b455d00cd4f2e6498ce.docx
https://jmir.org/api/download?alt_name=resprot_v10i11e28780_app4.docx&filename=fa4724f4911c3b455d00cd4f2e6498ce.docx
https://jmir.org/api/download?alt_name=resprot_v10i11e28780_app5.docx&filename=b0852992346c8c1d7335f829dcd5cfc3.docx
https://jmir.org/api/download?alt_name=resprot_v10i11e28780_app5.docx&filename=b0852992346c8c1d7335f829dcd5cfc3.docx
https://apps.who.int/iris/handle/10665/67781
https://apps.who.int/iris/handle/10665/42735
https://apps.who.int/iris/handle/10665/42735
https://gh.bmj.com/lookup/pmidlookup?view=long&pmid=29225953
http://dx.doi.org/10.1136/bmjgh-2017-000486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29225953&dopt=Abstract
http://dx.doi.org/10.1016/j.healthpol.2008.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18838188&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2004.11.062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16005777&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=27388347
http://dx.doi.org/10.1136/bmjopen-2015-010425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27388347&dopt=Abstract
https://equityhealthj.biomedcentral.com/articles/10.1186/s12939-017-0542-x
http://dx.doi.org/10.1186/s12939-017-0542-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28532418&dopt=Abstract
http://www.who.int/universal_health_coverage/plan_action-hsgov_uhc/en/
http://www.who.int/universal_health_coverage/plan_action-hsgov_uhc/en/
http://www.heart-resources.org/wp-content/uploads/2012/10/Understanding-the-demand-side-in-service-delivery.pdf
http://www.heart-resources.org/wp-content/uploads/2012/10/Understanding-the-demand-side-in-service-delivery.pdf
https://www.who.int/servicedeliverysafety/areas/people-centred-care/evidence-overview/en/
https://health-policy-systems.biomedcentral.com/articles/10.1186/s12961-019-0438-x
http://dx.doi.org/10.1186/s12961-019-0438-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30925889&dopt=Abstract
http://dx.doi.org/10.1111/dpr.12209
http://www.amhsr.org/article.asp?issn=2141-9248;year=2014;volume=4;issue=1;spage=105;epage=114;aulast=Mbwele
http://dx.doi.org/10.4103/2141-9248.126614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24669341&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Janicijevic I, Seke K, Djokovic A, Filipovic T. Healthcare workers satisfaction and patient satisfaction: where is the linkage?
Hippokratia 2013;17(2):157-162 [FREE Full text] [Medline: 24376323]

19. Nikic D, Arandjelovic M, Nikolic M, Stankovic A. Job satisfaction in health care workers. Acta Medica Medianae
2008;47:9-12.

20. Bovier PA, Perneger TV. Predictors of work satisfaction among physicians. Eur J Public Health 2003;13(4):299-305. [doi:
10.1093/eurpub/13.4.299] [Medline: 14703315]

21. Lohmann J, Souares A, Tiendrebéogo J, Houlfort N, Robyn PJ, Somda SMA, et al. Measuring health workers' motivation
composition: validation of a scale based on Self-Determination Theory in Burkina Faso. Hum Resour Health 2017;15(1):33
[FREE Full text] [doi: 10.1186/s12960-017-0208-1] [Medline: 28532426]

22. Fillol A, Lohmann J, Turcotte-Tremblay A, Somé PA, Ridde V. The importance of leadership and organizational capacity
in shaping health workers' motivational reactions to performance-based financing: a multiple case study in Burkina Faso.
Int J Health Policy Manag 2019;8(5):272-279 [FREE Full text] [doi: 10.15171/ijhpm.2018.133] [Medline: 31204443]

23. Haas JS, Cook EF, Puopolo AL, Burstin HR, Cleary PD, Brennan TA. Is the professional satisfaction of general internists
associated with patient satisfaction? J Gen Intern Med 2000;15(2):122-128 [FREE Full text] [doi:
10.1046/j.1525-1497.2000.02219.x] [Medline: 10672116]

24. Chang E, Cohen J, Koethe B, Smith K, Bir A. Measuring job satisfaction among healthcare staff in the United States: a
confirmatory factor analysis of the Satisfaction of Employees in Health Care (SEHC) survey. Int J Qual Health Care
2017;29(2):262-268. [doi: 10.1093/intqhc/mzx012] [Medline: 28339641]

25. Oyeyemi SO, Wynn R. The use of cell phones and radio communication systems to reduce delays in getting help for
pregnant women in low- and middle-income countries: a scoping review. Glob Health Action 2015;8(1):28887 [FREE Full
text] [doi: 10.3402/gha.v8.28887] [Medline: 26362421]

26. Mericskay B, Roche S. Cartographie 2.0: le grand public, producteur de contenus et de savoirs géographiques avec le web
2.0. Cybergeo: Eur J Geogr 2011:1-19 Science et Toile, document 552. [doi: 10.4000/cybergeo.24710]

27. Labrique AB, Vasudevan L, Kochi E, Fabricant R, Mehl G. mHealth innovations as health system strengthening tools: 12
common applications and a visual framework. Glob Health Sci Pract 2013;1(2):160-171 [FREE Full text] [doi:
10.9745/GHSP-D-13-00031] [Medline: 25276529]

28. Hampshire K, Porter G, Mariwah S, Munthali A, Robson E, Owusu SA, et al. Who bears the cost of 'informal mhealth'?
Health-workers' mobile phone practices and associated political-moral economies of care in Ghana and Malawi. Health
Policy Plan 2017;32(1):34-42 [FREE Full text] [doi: 10.1093/heapol/czw095] [Medline: 27476501]

29. Duclos V, Yé M, Moubassira K, Sanou H, Sawadogo NH, Bibeau G, et al. Situating mobile health: a qualitative study of
mHealth expectations in the rural health district of Nouna, Burkina Faso. Health Res Policy Syst 2017;15(Suppl 1):47
[FREE Full text] [doi: 10.1186/s12961-017-0211-y] [Medline: 28722558]

30. Aranda-Jan CB, Mohutsiwa-Dibe N, Loukanova S. Systematic review on what works, what does not work and why of
implementation of mobile health (mHealth) projects in Africa. BMC Public Health 2014;14(1):188 [FREE Full text] [doi:
10.1186/1471-2458-14-188] [Medline: 24555733]

31. Hazra A, Khan ME, Mondal SK. Mobile phone messaging to husbands to improve maternal and child health behavior in
India. J Health Commun 2018;23(6):542-549. [doi: 10.1080/10810730.2018.1483444] [Medline: 29902122]

32. Huang S, Li M. Piloting a mHealth intervention to improve newborn care awareness among rural Cambodian mothers: a
feasibility study. BMC Pregnancy Childbirth 2017;17(1):356 [FREE Full text] [doi: 10.1186/s12884-017-1541-z] [Medline:
29037179]

33. Huq NL, Azmi AJ, Quaiyum MA, Hossain S. Toll free mobile communication: overcoming barriers in maternal and neonatal
emergencies in Rural Bangladesh. Reprod Health 2014;11:52 [FREE Full text] [doi: 10.1186/1742-4755-11-52] [Medline:
25015126]

34. Huda TM, Alam A, Tahsina T, Hasan MM, Khan J, Rahman MM, et al. Mobile-based nutrition counseling and unconditional
cash transfers for improving maternal and child nutrition in Bangladesh: pilot study. JMIR Mhealth Uhealth 2018;6(7):e156
[FREE Full text] [doi: 10.2196/mhealth.8832] [Medline: 30021707]

35. Lechat L, Bonnet E, Queuille L, Traoré Z, Somé PA, Ridde V. Relevance of a toll-free call service using an interactive
voice server to strengthen health system governance and responsiveness in Burkina Faso. Int J Health Policy Manag
2019;8(6):353-364 [FREE Full text] [doi: 10.15171/ijhpm.2019.13] [Medline: 31256567]

36. D’Ostie-Racinea L, Dagenais C, Ridde V. Examining conditions that influence evaluation use within a humanitarian
non-governmental organization in Burkina Faso (West Africa). Syst Pract Action Res 2019;34(1):1-35. [doi:
10.1007/s11213-019-09504-w]

37. Reason P, Bradbury H, editors. The Sage Handbook of Action Research: Participative Inquiry and Practice, 2nd ed. London;
Thousand Oaks, CA: SAGE Publications; 2008:1-720.

38. Craig P, DiRuggiero E, Frohlich K, Mykhalovskiy E, White M, on behalf of the Canadian Institutes of Health Research
(CIHR)–National Institute for Health Research (NIHR) Context Guidance Authors Group (listed alphabetically): Campbell
R, Cummins S, Edwards N, Hunt K, Kee F, Loppie C, Moore L, Ogilvie D, Petticrew M, Poland B, Ridde V, Shoveller J,
Viehbeck S, Wight D. Taking Account of Context in Population Health Intervention Research: Guidance for Producers,
Users and Funders of Research. Southampton: NIHR Evaluation, Trials and Studies Coordinating Centre; 2018.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e28780 | p.59https://www.researchprotocols.org/2021/11/e28780
(page number not for citation purposes)

Biau et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/24376323
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24376323&dopt=Abstract
http://dx.doi.org/10.1093/eurpub/13.4.299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14703315&dopt=Abstract
https://human-resources-health.biomedcentral.com/articles/10.1186/s12960-017-0208-1
http://dx.doi.org/10.1186/s12960-017-0208-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28532426&dopt=Abstract
http://europepmc.org/abstract/MED/31204443
http://dx.doi.org/10.15171/ijhpm.2018.133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31204443&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=0884-8734&date=2000&volume=15&issue=2&spage=122
http://dx.doi.org/10.1046/j.1525-1497.2000.02219.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10672116&dopt=Abstract
http://dx.doi.org/10.1093/intqhc/mzx012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28339641&dopt=Abstract
http://europepmc.org/abstract/MED/26362421
http://europepmc.org/abstract/MED/26362421
http://dx.doi.org/10.3402/gha.v8.28887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26362421&dopt=Abstract
http://dx.doi.org/10.4000/cybergeo.24710
http://www.ghspjournal.org/cgi/pmidlookup?view=long&pmid=25276529
http://dx.doi.org/10.9745/GHSP-D-13-00031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25276529&dopt=Abstract
http://europepmc.org/abstract/MED/27476501
http://dx.doi.org/10.1093/heapol/czw095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27476501&dopt=Abstract
https://health-policy-systems.biomedcentral.com/articles/10.1186/s12961-017-0211-y
http://dx.doi.org/10.1186/s12961-017-0211-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28722558&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-188
http://dx.doi.org/10.1186/1471-2458-14-188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24555733&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2018.1483444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29902122&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-017-1541-z
http://dx.doi.org/10.1186/s12884-017-1541-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29037179&dopt=Abstract
https://reproductive-health-journal.biomedcentral.com/articles/10.1186/1742-4755-11-52
http://dx.doi.org/10.1186/1742-4755-11-52
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25015126&dopt=Abstract
https://mhealth.jmir.org/2018/7/e156/
http://dx.doi.org/10.2196/mhealth.8832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30021707&dopt=Abstract
http://europepmc.org/abstract/MED/31256567
http://dx.doi.org/10.15171/ijhpm.2019.13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31256567&dopt=Abstract
http://dx.doi.org/10.1007/s11213-019-09504-w
http://www.w3.org/Style/XSL
http://www.renderx.com/


39. Campbell M, Katikireddi SV, Hoffmann T, Armstrong R, Waters E, Craig P. TIDieR-PHP: a reporting guideline for
population health and policy interventions. BMJ 2018;361:k1079 [FREE Full text] [doi: 10.1136/bmj.k1079] [Medline:
29769210]

40. Institut National de la Statistique et de la Démographie. Résultats de l'Enquête Multisectorielle Continue (EMC) - Phase1.
URL: https://www.insd.bf/index.php/publications?id=151 [accessed 2019-11-25]

41. Autorité de Régulation des Communications Electroniques et des Postes (ARCEP). Market Observatory National Mobile
Telephony Market Data 2nd Quarter 2019 Internet. URL: http://www.arcep.bf/le-mobile/ [accessed 2019-11-25]

42. National Institute of Statistics and Demography, Ministry of Economy and Finance. Demographic Projections from 2007
to 2020 by Region and Province. Burkina Faso: National Institute of Statistics and Demography; 2009:1-69.

43. Ministère de la santé. Annuaire Statistique 2018. avec l’apui de l’UNICEF. Burkina Faso: Direction générale des études
et des statistiques sectorielles; 2019.

44. National Statistics Council. Annuaire Statistique 2017. 2017. URL: http://cns.bf/IMG/pdf/annuaire_ms_2017.pdf [accessed
2019-11-26]

45. Creswell J, Plano Clark VL. Designing and Conducting Mixed Methods Research, 2nd ed. Los Angeles, CA: SAGE
Publications; 2011.

46. R Core Team. R: A Language and Environment for Statistical Computing. Vienna: R Foundation for Statistical Computing;
2018. URL: https://www.R-project.org [accessed 2020-01-31]

47. Kulldorff M, Nagarwalla N. Spatial disease clusters: detection and inference. Stat Med 1995;14(8):799-810. [doi:
10.1002/sim.4780140809] [Medline: 7644860]

48. Kulldorff M. A spatial scan statistic. Commun Stat Theory Methods 2007;26(6):1481-1496. [doi:
10.1080/03610929708831995]

49. Olivier de Sardan JP. La rigueur du qualitatif. Les contraintes empiriques de l'interprétation socio-anthropologique.
Louvain-La-Neuve: Academia-Bruylant; 2009:368.

50. Stok FM, de Ridder DTD, de Vet E, Nureeva L, Luszczynska A, Wardle J, et al. Hungry for an intervention? Adolescents'
ratings of acceptability of eating-related intervention strategies. BMC Public Health 2016;16(1):5 [FREE Full text] [doi:
10.1186/s12889-015-2665-6] [Medline: 26729328]

51. Diepeveen S, Ling T, Suhrcke M, Roland M, Marteau TM. Public acceptability of government intervention to change
health-related behaviours: a systematic review and narrative synthesis. BMC Public Health 2013;13:756 [FREE Full text]
[doi: 10.1186/1471-2458-13-756] [Medline: 23947336]

52. Sekhon M, Cartwright M, Francis JJ. Acceptability of healthcare interventions: an overview of reviews and development
of a theoretical framework. BMC Health Serv Res 2017;17(1):88 [FREE Full text] [doi: 10.1186/s12913-017-2031-8]
[Medline: 28126032]

53. Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC. Fostering implementation of health services
research findings into practice: a consolidated framework for advancing implementation science. Implement Sci 2009;4:50
[FREE Full text] [doi: 10.1186/1748-5908-4-50] [Medline: 19664226]

54. Patton MQ. Qualitative evaluation and research methods. In: Designing Qualitative Studies, Qualitative Designs and Data
Collection. Beverly Hills, CA: SAGE Publications; 1990:169-186.

55. Palinkas LA, Horwitz SM, Green CA, Wisdom JP, Duan N, Hoagwood K. Purposeful sampling for qualitative data collection
and analysis in mixed method implementation research. Adm Policy Ment Health 2015;42(5):533-544 [FREE Full text]
[doi: 10.1007/s10488-013-0528-y] [Medline: 24193818]

56. Miles M, Huberman AM. Qualitative Data Analysis: An Expanded Sourcebook, 2nd ed. Thousand Oaks, CA: Sage
Publications; 1994.

57. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the analysis of qualitative data in
multi-disciplinary health research. BMC Med Res Methodol 2013;13:117 [FREE Full text] [doi: 10.1186/1471-2288-13-117]
[Medline: 24047204]

58. Dagenais C, Dargis-Damphousse L, Dutil J. The essential skills series in the essential skills series in evaluation: assessing
the validity of the ES Participant Workshop Evaluation Questionnaire. Can J Program Eval 2011;26(2):89.

59. Armitage CJ, Conner M. Efficacy of the theory of planned behaviour: a meta-analytic review. Br J Soc Psychol 2001;40(Pt
4):471-499. [doi: 10.1348/014466601164939] [Medline: 11795063]

60. Godin G, Kok G. The theory of planned behavior: a review of its applications to health-related behaviors. Am J Health
Promot 1996;11(2):87-98. [doi: 10.4278/0890-1171-11.2.87] [Medline: 10163601]

61. Foy R, Bamford C, Francis JJ, Johnston M, Lecouturier J, Eccles M, et al. Which factors explain variation in intention to
disclose a diagnosis of dementia? A theory-based survey of mental health professionals. Implement Sci 2007;2(1):31 [FREE
Full text] [doi: 10.1186/1748-5908-2-31] [Medline: 17894893]

62. Ajzen I. The theory of planned behavior. Organ Behav Hum Decis Process 1991;50(2):179-211. [doi:
10.1016/0749-5978(91)90020-t]

63. Boyko JA, Lavis JN, Dobbins M, Souza NM. Reliability of a tool for measuring theory of planned behaviour constructs
for use in evaluating research use in policymaking. Health Res Policy Syst 2011;9(1):29 [FREE Full text] [doi:
10.1186/1478-4505-9-29] [Medline: 21702956]

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e28780 | p.60https://www.researchprotocols.org/2021/11/e28780
(page number not for citation purposes)

Biau et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.bmj.com/lookup/pmidlookup?view=long&pmid=29769210
http://dx.doi.org/10.1136/bmj.k1079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29769210&dopt=Abstract
https://www.insd.bf/index.php/publications?id=151
http://www.arcep.bf/le-mobile/
http://cns.bf/IMG/pdf/annuaire_ms_2017.pdf
https://www.R-project.org
http://dx.doi.org/10.1002/sim.4780140809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7644860&dopt=Abstract
http://dx.doi.org/10.1080/03610929708831995
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-2665-6
http://dx.doi.org/10.1186/s12889-015-2665-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26729328&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-756
http://dx.doi.org/10.1186/1471-2458-13-756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23947336&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-017-2031-8
http://dx.doi.org/10.1186/s12913-017-2031-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28126032&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-4-50
http://dx.doi.org/10.1186/1748-5908-4-50
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19664226&dopt=Abstract
http://europepmc.org/abstract/MED/24193818
http://dx.doi.org/10.1007/s10488-013-0528-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24193818&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-13-117
http://dx.doi.org/10.1186/1471-2288-13-117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24047204&dopt=Abstract
http://dx.doi.org/10.1348/014466601164939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11795063&dopt=Abstract
http://dx.doi.org/10.4278/0890-1171-11.2.87
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10163601&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-2-31
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-2-31
http://dx.doi.org/10.1186/1748-5908-2-31
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17894893&dopt=Abstract
http://dx.doi.org/10.1016/0749-5978(91)90020-t
https://health-policy-systems.biomedcentral.com/articles/10.1186/1478-4505-9-29
http://dx.doi.org/10.1186/1478-4505-9-29
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21702956&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


64. Bennett A. Process tracing: a Bayesian perspective. In: Box-Steffensmeier JM, Brady HE, Collier D, editors. The Oxford
Handbook of Political Methodology. Oxford: Oxford University Press; 2009.

65. Strauss A, Corbin J. Grounded theory methodology: an overview. In: Denzin NK, Lincoln YS, editors. Handbook of
Qualitative Research. Thousand Oaks, CA: Sage Publications; 1994:273-285.

66. Larsen-Cooper E, Bancroft E, Rajagopal S, O'Toole M, Levin A. Scale matters: a cost-outcome analysis of an m-Health
intervention in Malawi. Telemed J E Health 2016;22(4):317-324 [FREE Full text] [doi: 10.1089/tmj.2015.0060] [Medline:
26348994]

67. Schuster C, Perez Brito C. Cutting Costs, Boosting Quality and Collecting Data Real-Time: Lessons from a Cell Phone-Based
Beneficiary Survey to Strengthen Guatemala's Conditional Cash Transfer Program.: World Bank; 2011. URL: https://tinyurl.
com/zc5kscex [accessed 2019-11-18]

68. Chakraborty D, Gupta A, Seth A. Experiences from a mobile-based behaviour change campaign on maternal and child
nutrition in rural India. : Association for Computing Machinery Press; 2019 Presented at: Proceedings of the Tenth
International Conference on Information and Communication Technologies and Development (ICTD '19; January 2019;
New York p. 1-11. [doi: 10.1145/3287098.3287110]

69. van Duong D, Binns CW, Lee AH, Hipgrave DB. Measuring client-perceived quality of maternity services in rural Vietnam.
Int J Qual Health Care 2004;16(6):447-452. [doi: 10.1093/intqhc/mzh073] [Medline: 15557354]

70. Haddad S, Fournier P, Potvin L. Measuring lay people's perceptions of the quality of primary health care services in
developing countries. Validation of a 20-item scale. Int J Qual Health Care 1998;10(2):93-104. [doi: 10.1093/intqhc/10.2.93]
[Medline: 9690882]

71. Ramanah R, Dumont A, Schepens F, Traore M, Gaye A, Schaal JP, et al. Satisfaction with obstetrical care: development
and validation of a scale on quality of care. Gynecol Obstet Fertil 2014;42(7-8):477-482 ISSN 1297-9589. [doi:
10.1016/j.gyobfe.2014.05.002] [Medline: 24951184]

72. Webster TR, Mantopoulos J, Jackson E, Cole-Lewis H, Kidane L, Kebede S, et al. A brief questionnaire for assessing
patient healthcare experiences in low-income settings. Int J Qual Health Care 2011;23(3):258-268. [doi:
10.1093/intqhc/mzr019] [Medline: 21531989]

73. Ridde V, Yaméogo P. How Burkina Faso used evidence in deciding to launch its policy of free healthcare for children
under five and women in 2016. Palgrave Commun 2018;4(1):119. [doi: 10.1057/s41599-018-0173-x]

74. Pluye P, Potvin L, Denis J, Pelletier J, Mannoni C. Program sustainability begins with the first events. Eval Program Plann
2005;28(2):123-137. [doi: 10.1016/j.evalprogplan.2004.10.003]

75. Boyko JA, Lavis JN, Abelson J, Dobbins M, Carter N. Deliberative dialogues as a mechanism for knowledge translation
and exchange in health systems decision-making. Soc Sci Med 2012;75(11):1938-1945. [doi:
10.1016/j.socscimed.2012.06.016] [Medline: 22938912]

76. Dagenais C, Malo M, Robert, Ouimet M, Berthelette D, Ridde V. Knowledge transfer on complex social interventions in
public health: a scoping study. PLoS One 2013;8(12):e80233 [FREE Full text] [doi: 10.1371/journal.pone.0080233]
[Medline: 24324593]

77. Tchameni Ngamo S, Souffez K, Lord C, Dagenais C. Do knowledge translation (KT) plans help to structure KT practices?
Health Res Policy Syst 2016;14(1):46 [FREE Full text] [doi: 10.1186/s12961-016-0118-z] [Medline: 27316972]

78. Manson H. Systematic reviews are not enough: policymakers need a greater variety of synthesized evidence. J Clin Epidemiol
2016;73:11-14 https://www.jclinepi.com/article/S0895-4356(16)00103-7/references#relatedArticles. [doi:
10.1016/j.jclinepi.2015.08.032] [Medline: 26912122]

79. Lavis J, Permanand G, Oxman AD, Lewin S, Fretheim A. SUPPORT tools for evidence-informed health policymaking
(STP) 13: preparing and using policy briefs to support evidence-informed policymaking. Health Res Policy Sys 2009;7(S1):1-9
7(Suppl 1):S13. [doi: 10.1186/1478-4505-7-s1-s13]

80. Shohet L, Renaud L. Analyse critique des pratiques exemplaires sur la littératie en matière de santé. Can J Public Health
2006;97(S2):S10-S14. [doi: 10.1007/BF03405366]

Abbreviations
ABC: activity-based costing
AGIR-SD: Action-Gouvernance-Interaction-Renforcement, groupe de Santé en Développement
AR: action research
CFIR: Consolidated Framework for Implementation Research
CSO: civil society organization
DET: district executive team
DHIS2: District Health Information System 2
EWM: equality between women and men
GIS: geographic information system
HELP: Hilfe zur Selbsthilfe
ICT: information and communication technology

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e28780 | p.61https://www.researchprotocols.org/2021/11/e28780
(page number not for citation purposes)

Biau et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/26348994
http://dx.doi.org/10.1089/tmj.2015.0060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26348994&dopt=Abstract
https://tinyurl.com/zc5kscex
https://tinyurl.com/zc5kscex
http://dx.doi.org/10.1145/3287098.3287110
http://dx.doi.org/10.1093/intqhc/mzh073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15557354&dopt=Abstract
http://dx.doi.org/10.1093/intqhc/10.2.93
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9690882&dopt=Abstract
http://dx.doi.org/10.1016/j.gyobfe.2014.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24951184&dopt=Abstract
http://dx.doi.org/10.1093/intqhc/mzr019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21531989&dopt=Abstract
http://dx.doi.org/10.1057/s41599-018-0173-x
http://dx.doi.org/10.1016/j.evalprogplan.2004.10.003
http://dx.doi.org/10.1016/j.socscimed.2012.06.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22938912&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0080233
http://dx.doi.org/10.1371/journal.pone.0080233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24324593&dopt=Abstract
https://health-policy-systems.biomedcentral.com/articles/10.1186/s12961-016-0118-z
http://dx.doi.org/10.1186/s12961-016-0118-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27316972&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2015.08.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26912122&dopt=Abstract
http://dx.doi.org/10.1186/1478-4505-7-s1-s13
http://dx.doi.org/10.1007/BF03405366
http://www.w3.org/Style/XSL
http://www.renderx.com/


IEBHSR: Institutional Ethics Board for Health Sciences Research
IRD: Institut de recherche pour le développement
IRSS: Institutional Health Research Ethics Committee
JMS: Java Message Service
JSON: (IT) format for structured data exchange
KPI: key performance indicator
KT: knowledge transfer
LMIC: low- and middle-income country
mHealth: mobile health
NGO: nongovernmental organization
NHIS: National Health Information System
PHP: population health and policy
RAECP: Regulatory Authority for Electronic Communications and Posts
REST API: Representational State Transfer Application Programming Interface
RHD: regional health directorate
RQ: research question
SDG: Sustainable Development Goal
SMS: short message service
TF: toll free
TF-IVS: toll-free service coupled with an interactive voice server
TOPICs: TechnOlogie PartIcipation Citoyenne en santé
TIDieR: Template for Intervention Description and Replication
TPB: theory of planned behavior
UHC: universal health coverage
USI: International Health Unit
VPN: virtual private network
WHO: World Health Organization

Edited by G Eysenbach; submitted 15.03.21; peer-reviewed by O Las Vergnas, E Toki, T Burke; comments to author 03.06.21; revised
version received 10.08.21; accepted 10.09.21; published 16.11.21.

Please cite as:
Biau S, Bonnet E, Dagenais C, De Allegri M, Traoré Z, Ouedraogo AW, Sow A, Dubois-Nguyen K, Ridde V
Using Information and Communication Technologies to Engage Citizens in Health System Governance in Burkina Faso: Protocol
for Action Research
JMIR Res Protoc 2021;10(11):e28780
URL: https://www.researchprotocols.org/2021/11/e28780 
doi:10.2196/28780
PMID:34783671

©Sandrine Biau, Emmanuel Bonnet, Christian Dagenais, Manuela De Allegri, Zoumana Traoré, Abdoul Wahabo Ouedraogo,
Abdramane Sow, Karina Dubois-Nguyen, Valéry Ridde. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 16.11.2021. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e28780 | p.62https://www.researchprotocols.org/2021/11/e28780
(page number not for citation purposes)

Biau et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2021/11/e28780
http://dx.doi.org/10.2196/28780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34783671&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

A Web-Based Risk-Reframing Intervention to Influence Early
Childhood Educators’ Attitudes and Supportive Behaviors Toward
Outdoor Play: Protocol for the OutsidePlay Study Randomized
Controlled Trial

Mariana Brussoni1,2,3,4*, PhD; Christina S Han1*, MA; John Jacob1, MSc, MBA; Fritha Munday2, MPH; Megan Zeni5,

MEd; Melanie Walters6, MA; Tina Cheng1, BSc; Amy Schneeberg, PhD; Emily Fox1, BA; Eva Oberle2,4, PhD
1Department of Pediatrics, University of British Columbia, Vancouver, BC, Canada
2School of Population and Public Health, University of British Columbia, Vancouver, BC, Canada
3British Columbia Injury Research & Prevention Unit, British Columbia Children’s Hospital Research Institute, Vancouver, BC, Canada
4Human Early Learning Partnership, University of British Columbia, Vancouver, BC, Canada
5Faculty of Education, University of British Columbia, Vancouver, BC, Canada
6Child Care Services, University of British Columbia, Vancouver, BC, Canada
*these authors contributed equally

Corresponding Author:
Mariana Brussoni, PhD
Department of Pediatrics
University of British Columbia
F511-4480 Oak St
Vancouver, BC, V6H 0B3
Canada
Phone: 1 604 875 3712
Email: mbrussoni@bcchr.ubc.ca

Abstract

Background: Early learning and childcare centers (ELCCs) can offer young children critical opportunities for quality outdoor
play. There are multiple actual and perceived barriers to outdoor play at ELCCs, ranging from safety fears and lack of familiarity
with supporting play outdoors to challenges around diverse perspectives on outdoor play among early childhood educators (ECEs),
administrators, licensing officers, and parents.

Objective: Our study objective is to develop and evaluate a web-based intervention that influences ECEs’ and ELCC
administrators’ perceptions and practices in support of children’s outdoor play at ELCCs.

Methods: The development of the fully automated, open-access, web-based intervention was guided by the intervention mapping
process. We first completed a needs assessment through focus groups of ECEs, ELCC administrators, and licensing officers. We
identified key issues, needs, and challenges; opportunities to influence behavior change; and intervention outcomes and objectives.
This enabled us to develop design objectives and identify features of the OutsidePlay web-based intervention that are central to
addressing the issues, needs, and challenges of ECEs and ELCC administrators. We used social cognitive theory and behavior
change techniques to select methods, applications, and technology to deliver the intervention. We will use a two-parallel-group
randomized controlled trial (RCT) design to evaluate the efficacy of the intervention. We will recruit 324 ECEs and ELCC
administrators through a variety of web-based means, including Facebook advertisements and mass emails through our partner
networks. The RCT study will be a purely web-based trial where outcomes will be self-assessed through questionnaires. The
RCT participants will be randomized into the intervention group or the control group. The control group participants will read
the Position Statement on Active Outdoor Play.

Results: The primary outcome is increased tolerance of risk in children’s play, as measured by the Teacher Tolerance of Risk
in Play Scale. The secondary outcome is self-reported attainment of a self-developed behavior change goal. We will use mixed
effects models to test the hypothesis that there will be a difference between the intervention and control groups with respect to
tolerance of risk in children’s play. Differences in goal attainment will be tested using logistic regression analysis.
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Conclusions: The OutsidePlay web-based intervention guides users through a personalized journey that is split into 3 chapters.
An effective intervention that addresses the barriers to outdoor play in ELCC settings has the potential to improve children’s
access to outdoor play and support high-quality early childhood education.

Trial Registration: ClinicalTrials.gov NCT04624932; https://clinicaltrials.gov/ct2/show/NCT04624932

International Registered Report Identifier (IRRID): DERR1-10.2196/31041

(JMIR Res Protoc 2021;10(11):e31041)   doi:10.2196/31041
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Introduction

Background
Outdoor play and its embedded risk-taking is crucial for
children’s physical, social, emotional, and intellectual
development [1,2]. Playing outdoors can enhance children’s
self-confidence, social connectedness, physical activity, and
risk management [1-3]. The United Nations Convention on the
Rights of the Child codifies the importance of children’s right
to play and accessibility to adequate spaces for outdoor play
[4]. Generational declines in outdoor play are trending
internationally [5-8]. The consequent increases in sedentary
behavior may be associated with negative health consequences
such as declines in Canadian children’s mental health [2] and
an increase in obesity rates [9].

Declines in outdoor play are associated with a variety of societal
factors such as changes in technology and increases in screen
time; access to, and quality of, outdoor play spaces; parenting
ideals that prioritize children’s achievement; and surveillance
[8]. A main barrier relates to caregivers’ safety concerns and
apprehensions of children’s risk-taking in outdoor play, which
negatively affects children’s play opportunities and,
subsequently, their development [2,5,6]. This includes limits
in the home environment imposed by parents, restrictive policies
that constrict play-space design and play behaviors in public
spaces, and limitations on children’s play time and opportunities
at schools and early learning and childcare centers (ELCCs).
These educational environments can be critical venues to
increase outdoor play opportunities and support equitable access
to high-quality play because they are spaces where children
spend most of their waking hours.

The importance of outdoor play became acute during the
COVID-19 pandemic and its associated restrictions. In many
countries, including Canada, ELCCs were closed for several
weeks before reopening with COVID-19 safety protocols in
place. The closures and restrictions led to significant changes
in daily life for children and families, including how Canadian
children engage in play and recreation. During this time of
physical distancing and behavior restrictions, there were
significant declines in time spent outdoors and in outdoor play
among children and youth in Canada [10]. This worrying trend
can compromise children’s mental health and disease resistance
because play is a critical outlet for children’s stress management,
and time spent outdoors playing helps boost immunity through
physical activity and access to vitamin D and also supports

well-being [6,11]. Children with access to friends and play
reported greater well-being during the pandemic [12].

ELCCs can be important allies in supporting early childhood
development. Research clearly indicates that investments in
early childhood education have significant and far-reaching
impacts throughout the lifespan and, importantly, can help
reduce inequality, mitigating the effects of early childhood
disadvantage [13]. In Canada, as well as in many other Western
countries, most parents rely on ELCCs for childcare. Almost
half (46%) of Canadian parents reported using childcare in 2011,
with up to 86% of these parents using childcare on a regular
basis [11]. Children often spend >30 hours per week in
childcare, and for some children, this might be their main
opportunity for outdoor play [14]. However, ELCC pedagogies
are not always explicit on the importance of outdoor play, and
ELCCs vary widely on their provision and quality of outdoor
play opportunities [15]. Early childhood educators (ECEs) report
struggles in providing stimulating outdoor play. Actual and
perceived barriers include ECEs’ and administrators’ safety
fears, liability concerns, and limited knowledge on the
importance of outdoor play [15,16], which can result in risk
aversion, restrictive rules, and a lack of engaging play spaces
[16-19]. The COVID-19 pandemic has heightened challenges
as well as the importance of supporting children’s outdoor time
[10,20,21]. Guidelines in many jurisdictions encourage
maximum outdoor time as an effective infection prevention
strategy [22]. Many ELCCs are struggling with implementing
these recommendations because pre-existing barriers such as
parental safety concerns [23] have endured, if not intensified.
The need to support a shift in ELCC practice to encourage
outdoor play is clear, as is the need for an intervention that
addresses the identified barriers and challenges.

Previously, we developed the OutsidePlay intervention to
support parents of children aged 6-12 years to reframe their
perceptions of the risks their children faced in outdoor play and
to plan for a change in parenting behavior to support their
children’s outdoor play [24]. We developed 2 versions of the
intervention: an in-person version and a web-based version.
Both were underpinned by social cognitive theory (SCT),
incorporating behavior change techniques (BCTs), and took
users through a personalized journey whereby they proceeded
through a series of self-reflection questions and
choose-your-own-adventure video scenarios to ultimately
develop a plan for change. We conducted a randomized
controlled trial (RCT) with 451 mothers, examining the efficacy
of both versions of the intervention. The results indicated that
the OutsidePlay intervention was effective in increasing
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mothers’ tolerance of risk in children’s play at 1 week and 3
months after the intervention, whereas an in-person workshop
only indicated significant effects at 1 week [25]. The efficacy
of the OutsidePlay web-based intervention for parents provided
support for developing an intervention for ECEs to support
outdoor play at ELCCs.

Objective
Our study objective is to develop and evaluate a web-based
intervention to influence ECEs’and administrators’perceptions
and practices in support of children’s outdoor play within
ELCCs. This paper outlines the intervention mapping (IM)
process, a protocol that we followed to develop and test the
intervention.

Methods

Study Design
IM guided the planning, development, and evaluation of the
fully automated and open-access web-based intervention [26].
IM has proven effective for the development of many web-based
interventions [27,28]. Furthermore, this strategy supports a
theory-based approach that focuses on understanding and
accommodating the needs and perspectives of the end users at
all stages of the design. IM involves 6 steps, which are outlined
in the context of this study in Textbox 1.
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Textbox 1. Overview of intervention-mapping approach to developing the OutsidePlay web-based intervention for early learning and childcare centers.

The 6 steps involved in the intervention-mapping approach

• Step 1: Understanding the problem

• Established key partnerships and worked with study partners. Our study partners included the coauthors, each of whom brought unique
disciplinary and experiential perspectives, including early childhood education, child development, behavior change, and digital technology.
We also worked with the University of British Columbia’s Child Care Services and the City of Richmond to access childcare sites used as
the backdrop for the videos in the intervention

• Conducted a literature review on early childhood educator perceptions of outdoor play in the early learning and childcare center setting

• Conducted a needs assessment of the target population through 5 focus groups with early childhood educators, administrators, and licensing
officers to explore their perceived key issues, needs, and challenges that required intervention

• Developed a logic model of the problem. The literature review and focus group data informed identification of the problem and determinants
influencing the problem

• Established intervention goals. The logic model helped identify the goals and targets for the intervention that related to determinants that
were amenable to change

• Step 2: Intervention objectives and outcomes

• Developed a logic model of change to identify what needs to change and for whom. This linked the behavioral and environmental change
objectives to specific outcomes that helped meet the intervention objectives

• Step 3: Intervention design

• Selected theory- and evidence-based behavior change methods. Social cognitive theory formed the theoretical basis for our choice of behavior
change techniques

• Selected optimal applications and technology to deliver the intervention. The OutsidePlay web-based intervention had proven effective in
supporting parents’ attitude and behavior changes [25]. The participants in the focus groups stressed the importance of easy access to any
resource and that a web-based intervention can provide an efficient, convenient, and inexpensive means to support behavior change with
broad reach [29]

• Developed a mock-up of the intervention grounded in social cognitive theory

• Tested the intervention through 12 cognitive interviews with early childhood educators to assess their perceptions of the intervention

• Step 4: Intervention production

• Refined the intervention based on cognitive interview findings and partners’ and collaborators’ feedback

• Engaged in full production and finalizing of the intervention

• Step 5: Intervention implementation plan

• Developed the intervention implementation and mobilization plan. This sought to ensure that target audiences would be aware of, and
motivated to engage with, the intervention

• Step 6: Intervention evaluation

• Identified evaluation objectives and methods

• Will conduct single-blind randomized controlled trial to test the efficacy of the intervention

We obtained ethics approval from the University of British
Columbia and Children’s and Women’s Health Centre of British
Columbia Research Ethics Board (H19-01230; H19-03644).
The health risks of the intervention are negligible. The potential
benefits are that participants learn more about the importance
of children’s outdoor play and engage in desirable changes in
their practice that allow children more opportunities for
high-quality outdoor play.

Participant Recruitment and Eligibility Criteria
The inclusion criteria for the focus groups and individual
cognitive interview participants included the following:

1. Being aged ≥19 years.
2. Being an ECE, ELCC administrator, early childhood

education faculty or student, or licensing officer in Metro
Vancouver.

3. Being able to speak, read, and understand English.

We recruited participants through a variety of means that we
have successfully used in past research. These included using
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social media such as Facebook and Facebook advertisements,
mass emails through our partner networks, and snowball
methods.

The inclusion criteria for the RCT participants will include the
following:

1. Being aged ≥19 years.
2. Currently working as an ECE or ELCC administrator in

Canada.
3. Being able to speak, read, and understand English.

Given that the study will be conducted entirely on the web,
computer and internet literacy is in fact an implicit eligibility
criterion. Eligible participants will provide consent on the web
by selecting checkboxes. Once done, a copy of the completed
consent form will be made available for download. The enrolled
participants will be invited to fill in the baseline measures in
REDCap (Research Electronic Data Capture) and enter their
email address to which a unique link to their intervention or
control materials will be sent. We will use the participant email
address only to administer web-based baseline and follow-up
measures and will not share this information with the researchers
who will be conducting the analysis. The participant email
addresses will be also used to prevent multiple trial entries. The
RCT study will be a purely web-based trial where outcomes
will be self-assessed through questionnaires.

We will aim to recruit 324 ECEs and ELCC administrators
through a variety of web-based means, including Facebook
advertisements and mass emails through our partner networks.
The institutional affiliations (ie, the University of British
Columbia and the BC Children’s Hospital Research Institute)
will be displayed on the consent form and throughout the
web-based RCT survey as well as in the OutsidePlay
intervention. There will be no human involvement unless the
participants have inquiries or report technical issues. RCT
participants who have any questions or feedback to share can
contact us by email or phone, details of which will be provided
in the trial and the OutsidePlay intervention.

The participants will not need to pay to participate in the study;
however, they will need to be working as ECEs as stated in the
eligibility criteria. As for participant remuneration, a nominal
honorarium of $50 was paid to each focus group interview
participant; in addition, they received a professional
development certificate for their attendance. The focus group
interview participants were paid cash at the end of the focus
group in which they participated. The individual cognitive
interview participants also received US $40 each for their
participation. The RCT participants will receive US $24 at
baseline and US $20 at each of the 2 follow-ups, totaling US
$64. The RCT participant honoraria will be processed through
electronic transfer using participant email addresses. In addition,
the RCT participants allocated to the intervention group who
complete the OutsidePlay intervention will receive a professional
development certificate for 100 minutes.

Trial Status
Participant recruitment began on December 1, 2020, and was
completed by March 15, 2021. Follow-up data collection was
ongoing through July 2021.

Results

IM Step 1: Understanding the Problem

Needs Assessment Focus Groups
A literature review examined current discourses on ECE
perceptions of outdoor play at ELCCs, focused on identifying
the perceived barriers and facilitators. This was performed to
inform the intervention and draft the semistructured focus group
interview questions for the needs assessment (Multimedia
Appendix 1). The focus group interviews explored ECEs’ and
ELCC administrators’ perceived key issues, needs, and
challenges that required intervention (eg, what challenges do
you encounter around supporting children’s outdoor play? What
would help support you in that role?).

We conducted 5 focus group interviews with 40 ECEs, ELCC
administrators, ECE faculty and students, and licensing officers
in the summer of 2019. Of the 40 participants, 40 (100%) were
women, which clearly reflected the dominant proportion of
women in the ECE-related field [30,31], and 33 (83%) were
ECEs, although many held >one role. After obtaining the
participants’ consent and demographic information, a member
of our research team (MB, FM, or MZ) facilitated the session,
whereas 2 others (FM, MZ, or TC) took notes and sought
clarifications when necessary. All research team members
completed field notes to document their reflections after the
focus group. Each focus group lasted between 60 and 90
minutes. The focus group interviews were transcribed verbatim
and analyzed using thematic analysis methods [32].

Focus Group Results
A thematic analysis was conducted using a socioecological
framework [33] to consider the identified needs and challenges
at the individual, interpersonal, organizational, and policy levels
and the interconnections and interactions among these levels.
The complete focus group methods and findings have been
submitted for publication elsewhere, and a brief summary of
the findings is provided below.

At an individual level, all the participants agreed that outdoor
play is an important part of childhood and that they could play
an important role as facilitators. However, many acknowledged
fear and anxiety regarding the potential for injury. The
participants had a range of different beliefs about children’s
general competence to manage their own risks. They were also
concerned about differing levels of risk tolerance among ECE
colleagues, administrators, licensing officers, and parents, which
made them apprehensive of their actions being criticized and
viewed as negligent. These beliefs, which were often linked to
their own childhood and their previous experiences as ECEs,
either facilitated or impeded their support for children’s outdoor
play.

At an interpersonal level, many participants discussed the
importance of building positive relationships with children,
colleagues, parents, and licensing officers. Positive and continual
communication was deemed fundamental to boosting ECEs’
and ELCC administrators’ self-confidence and agency in
facilitating and promoting children’s outdoor play. In particular,
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the participants proposed that understanding and embracing
their colleagues’ differing levels of risk tolerance could create
a comfortable and flexible space to foster children’s outdoor
play, as well as opportunities for ECEs to build their risk
tolerance.

At an organizational level, the participants discussed the quality
and availability of the outdoor space at their centers. Some ECEs
were concerned that their outdoor play spaces were inadequate,
which limited their use of these spaces. At the broader
community and societal level, the participants discussed their
views of existing licensing regulations. Some found them too
vague, whereas others cautioned that more prescriptive
guidelines would be excessively restrictive.

In response to questions regarding what the participants
perceived would be helpful in supporting their role in facilitating
children’s outdoor play, all agreed that an intervention was
needed that could educate ECEs and ELCC administrators about
the importance of outdoor play and help them to manage their
fears around the risk involved, as well as support children’s risk
taking.

However, the participants cautioned that the support would need
to be flexible enough to suit ECEs and ELCC administrators

with differing levels of knowledge, experience, and tolerance
for children’s outdoor play. A specific recommendation was to
build the intervention so as to make it adaptable for users to use
as little or as much of the intervention as they would like,
enabling them to go at their own pace and return to the
intervention as many times as they would like. The participants
also suggested that it would be ideal to keep the duration of the
intervention to up to an hour, include children of different age
groups, and use relatable images (ie, nonideal conditions that
included artificial surfaces, urban environments, and adverse
weather conditions). The participants stressed the importance
of packaging the intervention using plain language—suitable
for newcomers to Canada—while acknowledging diverse
cultural and demographical contexts, as well as a positive and
encouraging ethos that recognizes the ECE as the expert and
person best positioned to support quality outdoor play.

Logic Model of the Problem
The literature review and focus group findings were translated
into a logic model of the problem for the intervention (Figure
1). It yielded a clear set of determinants that could be addressed
(or not) in the intervention, focusing on personal determinants
within the individual (behavior change) and interpersonal levels
(environment change).

Figure 1. Logic model of the problem.

Intervention Goal
The intervention goal is to support ECEs and ELCC
administrators to increase children’s access to regular, sustained,
and high-quality outdoor play at ELCCs.

IM Step 2: Intervention Outcomes and Objectives
The logic model of change identified behavior and environment
change objectives and outcomes for the intervention (Figure 2).
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Figure 2. Logic model of change.

IM Step 3: Intervention Design

Theoretical Underpinning
We used SCT [26] as a theoretical framework to guide the
intervention design. SCT conceives that individuals are most
motivated to act when they have high self-efficacy and
dissatisfaction and believe that a change in behavior will lead
to the desired outcome. More specifically, SCT includes
elements such as self-efficacy (“I am capable of providing
children at my center more opportunities for outdoor play”),
outcome expectations (“Risky play will benefit children”), and
self-evaluated dissatisfaction (“My fears are potentially harming
children”).

Underpinned by the notion that behavioral patterns are primarily
determined by their social and cultural contexts, the taxonomy
of BCT provides an array of strategies that help to change
individuals’ behavior [34]. To efficiently use this method in the

OutsidePlay web-based intervention, each behavior and
environment change objective was paired with a technique that
can target the given determinant, which can be translated into
a practical application in the target population’s contexts [35].
The selected BCTs aligned with the behavior and environment
objectives, providing a practical and specific evidence-based
approach.

Intervention Content
A mock-up of the intervention was developed, consisting of the
homepage and 3 chapters that guide users through a personalized
journey: a brief introduction about children’s outdoor play,
self-reflection, interactive video scenarios, and goal setting.
Table 1 summarizes the intervention content, the SCT constructs
that were addressed, and the BCTs used for each element of the
intervention. The interfaces of the intervention are available in
Multimedia Appendix 2. The full intervention can be viewed
on the OutsidePlay website [36].
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Table 1. Intervention content, social cognitive theory constructs addressed, and behavior change techniques used.

Behavior change techniqueaSocial cognitive theory constructDescriptionIntervention

Homepage: Introduction • 5.1 Information about health
consequences

• Outcome expectations• Introductory video on the benefits of outdoor
play and introducing the intervention • Knowledge

• 5.3 Information about social
consequences

• Definition of outdoor and risky play and why
it is important

• Description of the intervention components • 5.6 Information about emo-
tional consequences• Logos of study partners

• 9.1 Credible source

Chapter 1: Reflection • 6.2 Social comparison• Outcome expectations• Introductory video to chapter 1
• 13.2 Framing or reframing• Knowledge

• Self-reflection questions about the user’s own
childhood play experience:

•• 13.3 Incompatible beliefsBarriers and opportunities

• Who were you with?
• Where were you?
• What were you feeling?
• Imagine the sounds, sights, and smells

you were experiencing
• Were you inside or outside?
• Were you taking risks?
• What was your favourite thing to do?
• What did you get out of it?
• How did this experience influence you?

• Questions about the user’s ELCCb
• How do children currently play at your

center?
• How would you like children to be able

to play at your center?

• Finding the user’s whys
• What is the one main reason why you

want to support children’s outdoor play
opportunities?

• How do you support children’s outdoor
play at your center?

• What gets in your way the most in sup-
porting children’s outdoor play?

Chapter 2: Six Interactive
Video Scenarios

• 1.2 Problem solving• Outcome expectations• Introductory video to chapter 2
• ••Six interactive video scenarios 4.1 Instruction on how to

perform the behavior
Knowledge

• Communicating with parents and care-
givers

• Observational learning
• 5.1 Information about health

consequences
• Barriers and opportunities

• Rough-and-tumble play • Self-efficacy
• 5.3 Information about social

and environmental conse-
• Play at heights • Behavioral skills
• Conflict resolution

quences• Play with loose parts
• 5.6 Information about emo-

tional consequences
• Play at speed

• 6.1 Demonstration of the be-
havior

• 6.2 Social comparison
• 9.1 Credible source
• 9.3 Comparative imagining

of future outcomes
• 13.2 Framing or reframing

Chapter 3: Creating Your
Plan

• 1.1 Goal setting (behavior)• Outcome expectations• Introductory video to chapter 3
• ••Guide the user to establish a manageable goal

to support children’s outdoor play at their
1.2 Problem solvingSelf-efficacy

• Behavioral skills • 1.3 Goal setting (outcome)
ELCC: • 1.4 Action planning• Intentions
• What is one thing that you can do to

support children’s outdoor play?
• Invite the user to set a timeline for the

goal
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aThe behavior change technique numbers in this column correspond to the numbering in the behavior change technique taxonomy described in the study
by Michie et al [34].
bELCC: early learning and childcare center.

The Homepage greets users with a video introducing the
OutsidePlay web-based intervention. It then invites users to
take part in a personalized journey to learn more about how to
support outdoor play and set a plan to reach their goal. The
Homepage then unpacks essential information about children’s
outdoor play. It covers what is outdoor play and why it is
important for children, as well as the common challenges and
barriers that ECEs and ELCC administrators encounter. The
Homepage was built considering the BCTs of information about
health, social, and emotional consequences and credible sources.

Chapter 1 is designed to guide users to find their reasons for
why they want to promote children’s outdoor play at their center.
It invites users to think about their own childhood (where they
played and whom they played with) and how they felt when
they were playing outside and taking risks. This brings in users’
private realms to have them more invested in the topic and
equipped with perspectives other than those of ECEs or ELCC
administrators. This exercise is to prepare users to compare and
contrast their own outdoor play experiences with those of the
children at their center. This affords an opportunity for users to
critically assess why it is important for them to support
children’s outdoor play and reflect on their role. Users are then
guided to consider the barriers and challenges they perceive in
supporting outdoor play. In this chapter, the intervention uses
BCTs of social comparison, framing or reframing, and
incompatible beliefs.

Chapter 2 presents interactive video scenarios with animated
characters in real-life ELCC outdoor space backgrounds.
Initially, 8 scenarios were proposed: (1) communicating with
parents and caregivers, (2) rough-and-tumble play, (3) play at
heights, (4) conflict resolution, (5) play with loose parts, (6)
play at speed, (7) play with a chance of getting lost, and (8) play

near dangerous elements. These scenarios exhibit different
situations that could happen in ELCC contexts based on the
idea of outdoor risky play [37]. These scenarios are meant to
address the barriers and challenges that users had identified in
chapter 1 and offer ways to manage them. In this chapter, the
OutsidePlay web-based intervention uses the BCTs of problem
solving; instruction on how to perform the behavior; information
about health, social, environmental, and emotional
consequences; demonstration of the behavior; social comparison;
credible source; comparative imagining of future outcomes;
and framing or reframing to enhance their self-efficacy and
outcome expectation.

Most of the scenarios embed the risk-benefit assessment process
[38,39] to guide users’ ways of thinking and decision-making.
The general ethos is that children are competent and capable,
and ECEs and ELCC administrators are best positioned to
support children’s outdoor play. This ethos underlines that
children need to play freely and learn from their own efforts
and mistakes, while taking responsibility for keeping themselves
and others safe [38,39].

In each scenario, users are presented with a baseline story. For
instance, the play-at-speed scenario begins with children playing
tag on slippery ground (Figure 3). An ECE then appears and
asks users what they should do and presents 2 possible choices
based on the risk-benefit assessment process, for example, (1)
“It’s wet and muddy, let’s play indoors” (active intervention)
or (2) “Let the children keep playing” (open observation). The
rest of the scenario plays out according to the choice users make,
followed by a debrief video by an ECE summating the key
takeaways and providing practical guidance for users. As the
final step in chapter 2, users are invited to think about the most
important message that they inferred from the given scenario.

Figure 3. Image of the baseline story of the Play at Speed scenario.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e31041 | p.71https://www.researchprotocols.org/2021/11/e31041
(page number not for citation purposes)

Brussoni et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


In chapter 3, with the learning imbibed from chapters 1 and 2,
users are invited to think of a concrete and achievable goal and
create a plan to accomplish it. It is a personalized journey, where
they can carefully consider their barriers and challenges in
providing children outdoor play at their center while focusing
on their whys. They have the options to print out or email
themselves their complete journey map, including their goal
and the timeline. The OutsidePlay web-based intervention can
take up to 100 minutes to complete, depending on participants’
movements through each chapter.

Testing the Intervention With the Target Population
We conducted 12 individual cognitive interviews to test the
intervention mock-up with the target audience. This involved
observing the participants as they navigated the content and
probing their thoughts and reactions. The individual cognitive
interview participants were all women (12/12, 100%), many of
whom held more than one role, including ECE (8/12, 67%),
ELCC administrator (2/12, 17%), licensing officer (3/12, 25%),
and ECE student (1/12, 8%), and had been working in the field
for a mean of 17.9 (SD 9.23) years. After obtaining participant
consent and demographic information, the full mock-up of the
OutsidePlay web-based intervention was presented on
PowerPoint (Microsoft Corporation) slides. As the primary
purpose of the individual cognitive interview was to assess the
resonance of the intervention with the target population, we
focused on gathering practical feedback (eg, What do you think
about the format of this intervention? Do you find this session
engaging? What did you expect to find or learn before you
started using the intervention? and Would you use it as a
resource for children’s outdoor play?). Each cognitive interview
lasted 60-90 minutes.

Cognitive Interview Results
Of the 12 participants, 12 (100%) agreed that an intervention
on children’s outdoor play was timely, reflecting the recent
growing interest in the topic of children’s outdoor play. Their
feedback helped ensure the use of appropriate language within
the intervention that reflected the terminology used in the current
early childhood education field. Originally, 8 interactive video
scenarios were proposed to be included. On the basis of the
individual cognitive interview participants’ preferences, 2 were
removed. The 6 scenarios that the participants found most
resonant and applicable to their ELCC contexts were (1)
communicating with parents and caregivers, (2)
rough-and-tumble play, (3) play at heights, (4) conflict
resolution, (5) play with loose parts, and (6) play at high speed.
Play with a chance of getting lost and play near dangerous
elements did not make the final list because most of the
participants did not find them relevant to their practice. For
example, most of them assessed that their ELCC’s outdoor play
space would not allow children to get lost (eg, fenced-in
facilities or situated in a high-rise building), and losing a child
on a field trip was perceived as very unlikely. As for play near
dangerous elements, we proposed a scenario that involved
children taking their boots off and playing in a mud puddle.
Although we originally considered it a modest example of the
dangerous natural element aspect of the scenario, the participants
did not find this scenario relatable and, instead, suggested adding

the muddy and slippery element into the play-at-high-speed
scenario.

In addition, based on their feedback, we enhanced some of the
answer options for the self-reflection questions in chapter 1 and
used plain language as much as possible with an encouraging
tone, acknowledging users with varying degrees of comfort and
knowledge in outdoor play. For example, we made a series of
short videos that premised each question and acknowledged the
different positions and backgrounds that users might come from.
The intention was to create a safe place for users to reflect on
the question.

IM Step 6: Intervention Evaluation Plan

Hypotheses
We will assess the efficacy of the intervention to increase ECEs’
and ELCC administrators’ tolerance for children’s outdoor play
(primary outcome) and attain a behavior change goal related to
providing outdoor play opportunities for children at their center
(secondary outcome). We hypothesize as follows:

1. The participants completing the OutsidePlay web-based
intervention will have a significantly greater increase of
tolerance of risk in play than those in the control group.

2. A greater proportion of the participants completing the
OutsidePlay web-based intervention will attain their
behavior change goal than those in the control group.

RCT Design
The study will use a single-blind (researchers and outcome
assessors), two-parallel-group RCT design to determine the
superior efficacy of the intervention over the control group. The
trial has been registered on ClinicalTrials.gov with the US
National Institute of Health’s Protocol Registration and Results
System [40] (NCT04624932), which was released on April 26,
2021.

Information on the study will be available for the potential
participants’ review on the web. It will detail the entire study
procedure, including the consenting, randomization, and
follow-up process. When the eligible participants provide
consent to participate, they will be invited to complete the
baseline survey, including a demographic questionnaire and
survey measurements. Next, each participant will be randomized
to 1 of the 2 groups by the REDCap electronic data capture
intervention [41] hosted at the BC Children’s Hospital Research
Institute. The randomization list will be generated beforehand
by the Sealed Envelope service (Sealed Envelope Ltd) using
randomized permuted blocks of sizes 4, 6, and 8. The list will
then be transferred to REDCap. The groups include (1) the
control and (2) the OutsidePlay web-based intervention. The
participants may assume which intervention is the intervention
of interest based on the details of the 2 groups involved in the
RCT in the consent form: control (eg, generic information) and
intervention (eg, web-based tool). The participants will have
equal likelihood of assignment to each group using a basic
(rather than stratified) randomization method. They will not be
blinded to allocation because the nature of the intervention does
not allow it. There will be no outcome assessors because it will
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be exclusively on the web. Allocation will be concealed to the
researchers at participant assignment.

We initially considered stratifying randomization by different
characteristics. However, ELCCs in Canada are very diverse,
and not all of them would necessarily influence access to
higher-quality outdoor play. From the literature, key
characteristics include the perceptions of the ECEs toward
outdoor play as well as the quality of the available outdoor play
environments. These can vary widely, regardless of the region,
urban or rural location, or other site characteristics. Given that
our intervention is designed to influence ECE perceptions,
stratification according to this characteristic was not appropriate.

RCT Sample Size Consideration
The Teacher Tolerance of Risk in Play Scale (T-TRiPS) [42]
will be our main study outcome. The T-TRiPS is a 25-item
measure with dichotomous yes or no responses on items that
reflect the 6 categories of risky play in the study by Sandseter
[1] (great heights, high speed, dangerous tools, dangerous
elements, rough-and-tumble, and disappear or get lost). Sample
items include, “Would you let your students climb as high as
they wanted in a tree or another surface?” and “Do you wait to
see how well your students manage challenges before getting
involved?” Possible scores range from –5 to 5, with higher
scores reflecting more risk tolerance; in previous research, the
scores ranged from –4.09 to 4.56 [42]. The T-TRiPS is a
modified version of the TRiPS for parents [43] to measure
teachers’ perceptions of risk. The T-TRiPS has been
psychometrically validated [42], and we will administer it
strictly on the web through REDCap where participants will
input their responses directly.

With a sample size of 206 ECEs in total, a linear mixed model
examining the impact of intervention compared with control,
including an interaction with time, will have 80% power at 0.05
level of significance to detect a difference of 0.75 between the
intervention and control groups when the SD is 1.82 and the
correlation value between repeated observations is 0.75. From
our previous work [24,25], we anticipate requiring 324 complete
baseline assessments among ECEs and ELCC administrators
who will then be randomized into the 2 groups. Specifically,
we are assuming a retention rate of 74.7% (242/324) at our first
assessment and a retention rate of 85.1% (206/242) at our second
assessment, which would result in a final sample of 206 ECEs,
corresponding to 103 in each group.

Interventions
The participants in the control group will be provided with a
PDF copy of the Position Statement on Active Outdoor Play,
which includes information on research and recommendations
for action regarding children’s outdoor play [44,45]. This 4-page
document was developed by a cross-sectoral consortium of
researchers, practitioners, and stakeholders to provide
recommendations for parents, educators, health professionals,
administrators, and various levels of government to address the
barriers to children’s outdoor play. This PDF will be delivered
on the web through REDCap. The participants in the web-based
intervention group will be provided with a link to the
intervention [36].

RCT Measurement Occasions and Follow-ups
The participants will complete a questionnaire package at 3
time points: baseline, before the intervention; 1 week after the
intervention; and 3 months after the intervention. Long-term
change is unlikely if participants do not make initial changes;
thus, the 1-week postintervention follow-up was selected to
assess short-term efficacy, while still providing participants
sufficient time to make their initial planned changes. The
3-month postintervention follow-up will assess long-term
efficacy once the participants have had 3 months to reflect on
the intervention and implement change. Survey data will be
collected and managed using REDCap [41]. Baseline data
collected will include sociodemographic data: sex, age, language
spoken most often at home, province of employment, role, and
length of time in the early childhood education field. The
participants will also complete measures to assess primary and
secondary outcomes at each time point. We are anticipating
completing the data collection by the end of summer 2021.

RCT Outcome Measures
The primary outcome measure is change in the participants’
T-TRiPS score. We expect an increase. The secondary outcome
measure is self-reported behavior change on attaining the goal
that the participants set for themselves upon completion of the
allocated intervention. At baseline, the participating ECEs will
be invited to think about what they could do to give children at
their center more opportunities for outdoor play and to set a
specific and realistic goal for themselves. This goal will be used
at the 2 follow-ups to assess their goal attainment. The
participants will be asked to report if they have attained their
goal (ie, yes or no) at 1 week and then 3 months after the
intervention.

Adherence to Intervention
Adherence to the OutsidePlay web-based intervention will be
measured and verified by an automated system that will archive
complete participant journey maps (refer to step 3).

Data Management
Data will be entered by the participants directly into REDCap,
which is hosted on a secure, firewall-protected server at the BC
Children’s Hospital Research Institute. The database is password
protected and only accessible by responsible staff members.
REDCap maintains an audit trail that captures all user activity,
including data manipulation and export. Exported data will be
stored on a secure, firewall-protected server at the BC Children’s
Hospital Research Institute in a password-protected file only
accessible by responsible staff members.

The participants’ confidentiality will be highly respected, and
each participant will be assigned a unique study number in the
trial. This number will not include any personal identifiable
information. A contact (ie, the University of British Columbia
Office of Research Ethics) to report concerns about the rights
of the research participants will be provided. This is to ensure
that the participants have access to support if the trial was
harmful to them.
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RCT Statistical Analyses
All participants allocated to 1 of the 2 groups will be included
in the analyses, regardless of deviation from the protocol, missed
follow-up observations, or withdrawal. All baseline
characteristics will be summarized by means and SDs or
frequencies and percentages as appropriate by intervention
group. T-TRiPS data will be visualized in the form of box plots
by intervention group and time. To test our hypothesis that the
ECEs completing the intervention will have a significantly
greater increase of tolerance of risk in play, linear mixed effects
models will be built to assess the relationship between
intervention group and T-TRiPS score. Time will be included
in the model as a categorical variable, and the baseline T-TRiPS
score as well as an interaction term between time and
intervention will be included to explore the possibility that the
impact of the intervention diminishes over time. Intent-to-treat
analysis of T-TRiPS scores will use last observation carried
forward as the method of imputation. To test our hypothesis
that a greater proportion of the participants completing the
intervention will attain their behavior change goal than those
in the control group (secondary outcome measure), the 3-month
postintervention behavior change goal outcome (yes or no) will
be the primary outcome of interest, and we will use logistic
regression analysis. Model diagnostics will be run to test
modeling assumptions. We will not perform any additional
analyses such as subgroup or adjusted analyses.

Quality Assurance and Monitoring
A written standard operating procedure and researcher protocol
manual will be used for staff training for all study procedures
to ensure data quality and consistent application of the study
protocols. The state of recruitment, data completeness, control
of correct randomization, and allocation of participants will be
regularly verified. In all, 3 sets of automated reminders will be
deployed to the participants’ email addresses if the baseline
survey is not completed within 24, 48, and 60 hours. The
participants will also receive 3 sets of automated reminders (eg,
1 each day for 3 days) through email at the 1-week and 3-month
postintervention follow-ups, provided that they have completed
their baseline requirement. Any deviations from the expected
standards will be reported to, and discussed with, the study
manager. Any protocol modifications will be reported to the
University of British Columbia and Children’s and Women’s
Health Centre of British Columbia Research Ethics Board, as
well as the US National Institute of Health’s Protocol
Registration and Results System.

IM Step 4: Intervention Production
After making modifications to the intervention based on the
cognitive interview participants’ feedback and expert advice
from partners and collaborators, we finalized the mock-up and
moved into full production, developing user interface, media,
and subsequently assembling the platform in its entirety. A
series of beta-testing sessions was conducted with 9 participants:
5 (56%) through individual cognitive interviews and 4 (44%)
who tested the intervention at their own convenient time and
shared feedback through email. The aim of beta testing was to
finesse the OutsidePlay web-based intervention itself (eg, fix
bugs and glitches) and to prepare for the RCT in step 6.

IM Step 5: Intervention Implementation Plan
Consistent with the BCT credible source [34], a partnership
with trusted organizations within the ECE sector in Canada is
critical to the implementation of the intervention once it has
been evaluated. We have extensive relationships in the ECE
sector in Canada and sought to increase the persuasiveness of
the message in the OutsidePlay intervention by using our target
audience’s pre-existing and trusted communication channels.
We identified >600 relevant childcare programs and centers,
postsecondary institutions, childcare resources and referral
centers, and government departments across Canadian provinces
to assist with deployment of the intervention once it has been
evaluated.

We developed marketing materials suitable for the organizations
and target audience, including the introductory video on the
OutsidePlay web-based intervention that could be posted
separately from the platform. As described in Table 1, the
introductory video addresses the SCT constructs of outcome
expectations and knowledge through the BCTs information
about consequences (health, social, and emotional) from a
credible source (university and children’s hospital). Furthermore,
we developed 5 infographics depicting various key messages
of the intervention that included a quick response code directing
users to the intervention [36] (Multimedia Appendix 3).

Consistent with the BCT rewarding completion, we contacted
ECE registries in Canadian provinces to register the intervention
as a workshop, where applicable, to provide professional
development certificates for users who completed the
intervention. This option was available for ECEs for 6 of the
10 Canadian provinces. Furthermore, many registries agreed to
assist with the RCT participant recruitment and promote the
intervention to their members once the RCT results were
finalized. The intervention was soft launched on December 1,
2020 [36]. It will be officially launched upon completion of the
RCT analyses. The intervention content will be frozen during
the RCT.

Discussion

Outdoor Play Within ELCCs
The importance of outdoor play to children’s health development
and outcomes is clear [1-3]; yet, there are many barriers to
ensuring daily opportunities for high-quality outdoor play.
ELCCs can be critical settings for outdoor play opportunities
and can help reduce inequities in access to outdoor play. Many
ELCCs struggle to provide regular and high-quality outdoor
play opportunities, citing multiple perceived barriers [15,16].
In Canada, there are few interventions to increase outdoor play
opportunities for children in ELCCs; most of the existing ones
consist of professional development workshops of varying length
and quality. To our knowledge, no interventions have been
developed that are grounded in health behavior change theory
and techniques and none that have been evaluated through an
RCT. Influenced by our previous success in developing an
effective intervention for parents [25], we designed the
OutsidePlay intervention to shift ELCC stakeholders’
perceptions and practices to support outdoor play within ELCCs.
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Strengths and Limitations
Guided by the systematic IM process and using BCTs grounded
in SCT, the OutsidePlay web-based intervention represents a
novel, evidence-based, and rigorously designed tool to support
change. The IM process enabled considering and addressing
the target population’s key issues, needs, and challenges in the
context of providing children high-quality outdoor play in the
ELCC setting. More specifically, the intervention design and
development followed an organic process that involved
collaboration among researchers, practitioners, and digital
technology experts, with regular consultation with the target
population. This inclusion of various stakeholders from the
outset enabled the development of content that was relatable,
acceptable, and engaging, using the preferred modality and
user-friendly media.

Furthermore, the web-based format reduces barriers to uptake
by allowing for widespread and free access. Web-based delivery
also made it possible for users to use the intervention at their
convenience and to return to the intervention, picking up from
where they left off. The RCT will evaluate the efficacy of the
intervention, providing necessary evidence to inform the
mobilization of the intervention and widespread efforts to
support children’s outdoor play. We expect that a routine
application setting will be slightly different than the protocol
used in the trial because it will not involve reminders and
payment upon completion of the intervention. However, users
who use the intervention in a nontrial setting will still be able
to receive a professional development certificate for 100
minutes.

The primary study limitation is that the accessibility of the
intervention is not always guaranteed because of the system
and bandwidth requirements of the content in the intervention
(ie, high-resolution media). This issue was well known from
our previous study, and we designed the intervention to adjust
the quality of videos and images based on each user’s internet

bandwidth. However, this did not solve the problem caused by
users accessing the intervention from old or incompatible
devices. Likewise, although we attempted to ensure that the
intervention was as user-friendly and easy to navigate as
possible, a minimum level of computer literacy was necessary
to use it. We recognize that internet access and computer literacy
are issues with the potential to increase inequities and that they
require further careful consideration.

Second, because of the nature of the intervention, the
participants could not be blinded, which is a typical limitation
in eHealth trials. During the consenting process, the participants
will be informed that there will be 2 groups in the trial (ie,
control and intervention). The participants may be able to
determine the group they are assigned to based on the
differences in time commitment.

Another limitation stems from the study samples included in
step 1 (focus groups) and step 3 (cognitive interviews). Most
of the interview participants resided in the Metro Vancouver
area (urban or suburban) in British Columbia, Canada. Hence,
key issues, needs, and challenges pertinent to other Canadian
provinces, let alone other countries, may not be reflected in the
intervention. For example, the Metro Vancouver area has a
milder climate than many other parts of Canada. Therefore,
specific cold weather–related issues (eg, snow and freezing rain)
were not prominent in our interviews.

Conclusions
The OutsidePlay web-based intervention guides users through
a personalized journey that is grounded in behavior change
theory and techniques. If effective, this relatively low-cost,
easily accessible intervention may have the potential to address
ECEs’ and ELCC administrators’ perceived challenges and
needs in promoting and accommodating children’s outdoor play
in ELCC settings, thereby supporting high-quality early
childhood education.
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Abstract

Background: Despite the growing burden of chronic kidney disease (CKD), disease knowledge and understanding are still
lacking, especially in Bangladesh.

Objective: The aim of this study was to evaluate the outcome of a health education intervention in order to enhance knowledge,
health-related quality of life (QOL), and motivation regarding healthy lifestyles among rural and periurban adults suffering from
CKD.

Methods: A parallel-group (1:1) randomized controlled trial is ongoing in the Mirzapur subdistrict, Bangladesh, where two
groups of patients with CKD are being compared. Patients aged 18 years and over with CKD (stages 1-3) were enrolled in
November 2020. Patients were randomly allocated into either the intervention group (n=63) or the control group (n=63). The
control group received usual treatment, while the intervention group received health education through a CKD campaign facilitated
by a nephrologist and via mHealth (ie, periodic mobile phone calls) from community health workers. Both groups were followed
up for a period of 6 months. The primary endpoint is patients’ increased knowledge measured using the Chronic Kidney Disease
Knowledge Questionnaire. The secondary endpoints are improved QOL measured using the standardized EuroQol 5-Dimension
5-Level (EQ-5D-5L) questionnaire as well as improvements in the levels of blood pressure, BMI, serum creatinine, fasting blood
sugar, hemoglobin, cholesterol, high-density lipoprotein cholesterol, triglyceride, serum uric acid, blood urea nitrogen, and
albumin to creatinine ratio.

Results: Enrollment of participants began in November 2020; the intervention and follow-up were completed in May 2021. We
enrolled 126 patients in the study. Patients’ mean ages were 57.97 (SD 15.03) years in the control group and 57.32 (SD 14.37)
years in the intervention group. There were 45 out of 63 (71%) females in the control group and 38 out of 63 (60%) females in
the intervention group. In addition, there were 38 out of 63 (60%) literate patients in the control group and 33 out of 63 (52%)
literate patients in the intervention group.
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Conclusions: It is expected that a combined approach, incorporating both a CKD campaign and mHealth, for health education
may be an effective tool for increasing knowledge and improving QOL among patients with CKD.

Trial Registration: ClinicalTrials.gov NCT04094831; https://clinicaltrials.gov/ct2/show/NCT04094831

International Registered Report Identifier (IRRID): DERR1-10.2196/30191

(JMIR Res Protoc 2021;10(11):e30191)   doi:10.2196/30191
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Introduction

Background
Chronic kidney disease (CKD) is a public health concern
worldwide [1] and directly affects the global burden of morbidity
and mortality [2]. CKD is associated with substantial financial
costs for both patients and health care systems, and low- and
middle-income countries (LMIC) have a much higher economic
burden of CKD than developed countries [3]. If the stage of
CKD advances in patients, the cost of medical treatment
increases [4]. In LMIC, most people with kidney failure have
insufficient access to lifesaving renal replacement therapy [5].
Diabetes, hypertension, obesity, and aging are the leading
associated factors for CKD throughout the world [6]. These
comorbidities make patients with CKD more vulnerable to
end-stage renal disease (ESRD) [7].

Knowledge and self-management behaviors must be learned
and practiced in order to slow the progression of CKD [8].
Studies have documented that knowledge is essential for slowing
kidney function advancement through behavior adjustments,
such as physical exercise, dietary changes, patient monitoring
(eg, blood pressure [BP] and blood glucose), and adherence to
medication [9]. Patients with CKD may benefit from knowledge
to change their behavior, improve their outcomes, and lower
their mortality rates [10]. Considering the increasing prevalence
of CKD, only 6% of the general population and 10% of those
at high risk are aware of their CKD status in LMIC [11]. This
low health literacy and unawareness in the early stage of the
disease are ultimately responsible for CKD disease progression
[12]. It has been noted, however, that proper CKD knowledge
and management as well as mitigation of CKD-related risks
may delay the progression to ESRD and other interrelated health
consequences [10,13]. However, most of the patient education
research regarding CKD has focused on patients with ESRD.
A few studies on CKD have been conducted in Bangladesh,
where most were prevalence studies based on a hospitalized
urban population; however, there has been no such study in
rural Bangladesh describing the knowledge of CKD and
health-related quality of life (QOL).

In the field of nephrology, both developed and developing
countries are still implementing mobile health (mHealth)
[14,15]. However, mobile phone call–based health education
has great potential to provide CKD knowledge and improve
QOL because it relies on basic mobile technology and requires
limited literacy or numeracy skills [16]. In countries with
minimal or no national health insurance, such as Bangladesh,
CKD education in the early stages of the disease could be an
integral part of patient management and the reduction of its
related risk factors to slow down its progression; the need is
greater in rural and periurban areas. Community health workers
(CHWs) have the potential to make a significant difference in
the community’s well-being as well as in the lives of people
living with kidney disease [17]. A nephrologist-facilitated health
campaign, on the other hand, has high potential for delivering
CKD education. Thus, this study aimed to evaluate the outcome
of a health education intervention in order to enhance
knowledge, health-related QOL, and motivation about healthy
lifestyle among rural and periurban adults suffering from CKD
(stages 1-3).

Hypothesis
We hypothesize that the knowledge and health-related QOL of
patients with CKD will be improved by health education
provided by a CKD campaign and a mobile phone call–based
intervention.

Methods

Design
This study is a community-based, single-centered, prospective,
open-label, two-arm (1:1), randomized control trial involving
patients with CKD and is being conducted in rural and periurban
areas of Bangladesh. This study has been designed in accordance
with the CONSORT (Consolidated Standards of Reporting
Trials) [18] and SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) guidelines [19].
The study flowchart is shown in Figure 1. The total study
duration was planned to be 1 year; however, the intervention
started in mid-November 2020 and the follow-up period was 6
months long. The last follow-up was completed in May 2021.
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Figure 1. Flowchart of the study.

Study Site
This study was conducted in the demographic surveillance
system (DSS) area of the Mirzapur subdistrict within the Tangail
district, which is located about 60 km north of Dhaka, the capital
city of Bangladesh. It has a mixed rural and periurban population
[20]. The subdistrict has 13 unions—it is the smallest
administrative unit—and 219 villages. Among the 10 unions in
Mirzapur that comprise the DSS area, three unions—Mirzapur
Sadar, Bhatgram, and Gorai—nearest to our sentinel health
facility, which is popularly known as Kumudini Hospital, were
selected purposively due to budgetary constraints and time
limitations. The study participants were required to visit
Kumudini Hospital Laboratory for their study-related
investigations and had lower travel costs compared to other
areas.

Study Population and Eligibility Criteria
We recruited patients for this study from among the residents
of the DSS. Inclusion criteria for enrollment in the study were
as follows: aged 18 years and older, either sex, diagnosed with
CKD (stages 1-3: estimated glomerular filtration rate=30-59

mL/min/1.73 m2 and/or albumin to creatinine ratio [ACR]≥30
mg/g for more than 3 months) [21], had lived steadily in the

locality for at least 5 years, had a personal cell phone or access
to a shared phone, and had given written informed consent to
participate. The following were excluded from the study:
individuals who were hospitalized at the time of enrollment;
had any known serious illness with questionable prognosis, for
example, stage 4 or 5 CKD, malignancy, mental illness,
congenital disease, and physical disability, if they had
prescriptions; and did not agree to give consent.

Randomization
A permuted block-randomization technique was performed
using a block size of 6 based on a computer-generated random
number sequence. An experienced statistician, not involved in
the study in any way, prepared the randomization table and
placed the study IDs of the patients with CKD, along with their
corresponding intervention allocations, into serially numbered
sealed envelopes according to the randomization schedule; these
corresponded to the serial numbers of the patients with CKD.
These envelopes were kept in an office locker. Allocations to
intervention and control groups were concealed in identical
sealed envelopes that were only to be opened when the study
patient was ready for enrollment under the supervision of the
principal investigator. This took place after a patient with CKD
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was recruited to the study, after obtaining voluntary informed
written consent and assignment of a study ID.

Study Activities and Content
During home visits, the CHWs used a Portable Health Clinic
(PHC) box with the essential diagnostic equipment for this
research; details are described elsewhere [22,23]. At baseline,
CHWs performed home visits to obtain written informed consent
and to interview the study patients by administering field-tested
standardized questionnaires. The questionnaires collected the
following data: sociodemographic information, such as age,
gender, marital status, religion, occupation, educational
background, and income per month; patients’ current medical
status, including medication use; patients’ medical history; and
patients’ family history (3rd generation), including current and
immediate-past medical status. The same information was
collected at 3 months and at 6 months, in case of any changes

from baseline. To evaluate the level of knowledge, awareness,
and QOL on the part of the study patients, the CHWs also
administered questionnaires at baseline to collect this data and
administered the same questionnaire at 3 months and at 6
months.

CHWs also performed physical examinations at baseline and
performed them again at 3 months and at 6 months to measure
the following: BP, pulse, height, weight, waist and hip
circumferences, and mid–upper arm circumference. However,
during baseline measurements, the study patients were advised
to visit Kumudini Hospital Laboratory for collection of blood
and urine samples to estimate the condition of their kidneys and
their related risk factors, such as serum creatinine, fasting blood
sugar (FBS), hemoglobin, cholesterol, high-density lipoprotein
cholesterol (HDL-c), triglyceride, serum uric acid, blood urea
nitrogen (BUN), and ACR. The same laboratory investigations
were done at the end of 6 months (Table 1).

Table 1. Study activities.

Control groupIntervention groupSchedule

Baseline sessions

Week 1 •• InterviewInterview
•• Administer questionnairesAdminister questionnaires
•• Laboratory test (blood and urine)Laboratory test (blood and urine)

Weeks 1 and 2 •• Usual careCKDa health campaign (3-hour lecture and discussion by a nephrolo-
gist)

• Provide health education materials (leaflet, short textbook, recording
notebook, and a 5-gram salt measuring spoon) during campaign

Week 3 to month 3 •• Usual careMobile education: over the telephone once every 2 weeks (5 times)
• Blood pressure check: once per week

Intermediate sessions

Week 1 of month 4 •• InterviewInterview
•• Administer questionnairesAdminister questionnaires

Months 4 to 6 •• Usual careMobile education: over the telephone once every 2 weeks (5 times)
• Blood pressure check: once per week

Final session

End of month 6 •• InterviewInterview
•• Administer questionnairesAdminister questionnaires
•• Laboratory test (blood and urine)Laboratory test (blood and urine)

aCKD: chronic kidney disease.

Training of CHWs
CHWs obtained written informed consent, performed physical
examinations, interviewed the study participants after
administering field-tested questionnaires, and provided health
education. Training on the overall study procedure for CHWs
was provided by the principal investigator. Training included
the following: (1) general information about the study (ie,
contact information, study overview, structure, and use of
technology) and (2) role-specific information (ie, position
description, recruitment, informed consent, data collection, use
of an electronic database for data entry, proper use of backup
paper copies, and self-evaluation form). Competency was

assessed by practicing and role-playing in a private office. A
nephrologist trained the CHWs, who then provided mHealth
education to the study patients.

Intervention Group
The intervention group received health education through a
CKD campaign using mHealth technology.

CKD Campaign
During the half-day CKD campaign, health education materials
(ie, a leaflet as seen in Multimedia Appendix 1, a short textbook
as seen in Multimedia Appendix 2, and a recording notebook)
were provided to the study patients. A nephrologist facilitated
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the health campaign: the contents of the textbook and leaflet
were discussed, and patients were taught how to measure salt
using the spoon during preparation of their daily meals. The
research team have diverse professional backgrounds and have
established the content of the CKD textbook and leaflet in the
patients’ native language (Bangla), based on the educational
materials from the website of the National Kidney Foundation,
New York, United States, after receiving permission. Important
information related to CKD, such as basics of the kidney and
kidney diseases, stages of disease, risk factors, and preventive
measures, were used to develop the textbook and leaflet in the
patients’ native language (Bangla).

mHealth Technology
Basic health education information about CKD was included
in the content to be delivered through a mobile phone call to
help patients gain knowledge and awareness and to improve
their behaviors. Discussion about the basics of kidney diseases,
risk factors, and preventive measures of CKD was performed
by CHWs over a mobile phone call with the study patients. The
patients had the liberty to discuss their health-related issues
with the CHWs over a period of 10 minutes (Table 2). A
nephrologist trained the CHWs in the provision of mHealth
education.

Table 2. Content of mobile health (mHealth) education that took place over a 10-minute mobile phone call.

Content of mHealth educationTopic

Kidneys are bean shaped and positioned near the middle of your back on either side of your backbone. Your kidneys are part
of the body’s urine system. Kidney functions include the following:

Kidneys

• Remove waste products from the body
• Remove drugs from the body
• Balance the body’s fluids
• Release hormones that regulate blood pressure
• Produce an active form of vitamin D that promotes strong and healthy bones
• Control the production of red blood cells

Some major risk factors include the following:Major risk factors for
kidney disease • Diabetes

• High blood pressure
• Family history of kidney disease, diabetes, or high blood pressure
• Age 50 years or older
• Obesity
• Long-time use of painkillers, such as aspirin and ibuprofen
• Chronic kidney infection
• Kidney stones
• Smoking

Ways to protect kidneys include the following:Some ways to protect
kidneys • Keep blood sugar, blood pressure, and cholesterol under control

• Lose weight, if needed
• Eat healthy meals
• Take all medicines as prescribed
• Get regular exercise
• Do not smoke
• Avoid some over-the-counter medications, such as aspirin or ibuprofen, because they can harm kidneys

Diabetes damages your kidneys. Managing blood sugar level slows kidney damage. Some advice includes the following:Diabetes

• Maintain a healthy diet
• Keep a healthy body weight
• Perform at least 30 minutes of moderate-intensity physical exercise, 5 days per week
• Take medication regularly if prescribed
• Monitor your blood sugar regularly

Getting your blood pressure back to normal can reduce kidney damage, and some blood pressure tablets actually protect your
kidneys. Some advice includes the following:

Hypertension

• Reduce salt intake: excess salt in your body causes your blood pressure to go up; this damages your blood vessels and
increases the risk of heart attack and stroke. Please consume 5 g of salt per day or less (1 teaspoon)

• Check blood pressure at regular intervals. If possible, buy a blood pressure monitor and measure your blood pressure at
home. This allows you to keep records of your blood pressure and you can see if it changes over time

• Take medication regularly if prescribed

Blood Pressure Check
The CHWs performed home visits where they checked patients’
BP once per week and continued over the study period.

Control Group
The control group received usual care and were followed up
over the study period.
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Sample Size
We assume that the average level of existing knowledge among
patients with CKD (stages 1-3) is 40% [24], and that the average
level of expected knowledge after the intervention will increase
to 70% [25]. Therefore, considering 90% power and 20% loss
to follow-up, the total sample size should be 126 (63 in each
group). The sample size was estimated based on the following
formula:

N = ([p1 × q1 + p2q2] / [p2 – p1]2) × factor for α and
β

Here, p1=40%=0.40, the percentage of existing knowledge, and
p2=70%=0.70, the percentage of expected knowledge after the
intervention. In addition, q1 = 1 – p1 = 0.60; q2 = 1 – p2 = 0.30;
power is equal to 90%; and loss to follow-up is equal to 20%.

Endpoints
The primary outcome is the evaluation of improved scores from
the Chronic Kidney Disease Knowledge Questionnaire [24].

The secondary outcomes are as follows:

1. Improved QOL, as measured by the EuroQol 5-Dimension
5-Level (EQ-5D-5L) QOL questionnaire [26].

2. Improvements in the levels of BP, BMI, serum creatinine,
FBS, hemoglobin, cholesterol, HDL-c, triglyceride, serum
uric acid, BUN, and ACR.

Primary and secondary outcomes were measured at baseline, 3
months, and 6 months for both intervention and control groups,
except for the laboratory investigation levels, which were
measured at baseline and 6 months.

Measurements of Knowledge and QOL

Knowledge
Knowledge was measured using the Chronic Kidney Disease
Knowledge Questionnaire, a 24-item scale with “true,” “false,”
and “I don’t know” multiple-choice answer options, designed
to assess CKD knowledge in patients with disease at stages 1
to 3. Knowledge scores were calculated by adding the number
of correct answers divided by the total number of questions and
multiplying by 100 to obtain a percentage score (Multimedia
Appendix 3). For all questions, the answer “I don't know” was
scored as incorrect.

The translation to Bangla was performed according to the
state-of-the-art procedure of forward-backward translation. A
physician and a university lecturer, both native speakers of
Bangla and fluent in English, translated the questionnaire into
Bangla first. The translated Bangla versions were compiled,
and a single Bangla forward version was created. This forward
version was then translated back into English by a professional
translator with experience in medical translation and by one
medical doctor who had not been involved in previous steps.
The back-translated versions were then compiled and compared
by the researcher, and all four versions were submitted to the
expert committee that was formed for the validation study. The
expert committee developed the questionnaire; pretesting was
then conducted at the community level without any knowledge
of diagnosis. The suggested changes were made accordingly

based on the pretesting responses. Finally, the Bangla version
of the CKD knowledge questionnaire was created.

Quality of Life
QOL was measured using the standardized EQ-5D-5L
questionnaire (Multimedia Appendix 3). The EQ-5D-5L contains
five dimensions: mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression [26,27]. Each dimension
has five levels: no problems, slight problems, moderate
problems, severe problems, and unable to or extreme problems.
A higher score indicates better QOL [28].

Ethical Considerations
This study has been approved by the Research Review Board
and the Ethical Review Board of icddr,b. The study was
registered at ClinicalTrials.gov (NCT04094831). This study is
being conducted in accordance with the Declaration of Helsinki
[29]. The study objectives; the importance, risks, and benefits
of the research; and the patients’ rights were explicitly
communicated to all participants before recruitment.
Participation was completely voluntary and written informed
consent was obtained from all patients. Each study patient’s
identity will remain anonymous.

Statistical Analysis
The intention-to-treat analysis will be performed to compare
the outcomes of the intervention and control groups. All baseline
indicators at the time of registration will be analyzed to ensure
the comparability of the randomized samples. Categorical
variables will be expressed as means and SDs and will be
analyzed by chi-square tests, discrete variables will be expressed
as frequencies and percentages, and continuous variables will
be analyzed by t tests or Mann-Whitney U tests. Multiple
comparisons will be performed by two-way analysis of variance
tests for the evaluation of the outcome variables, such as CKD
knowledge, physical measurements, and QOL at baseline, 3
months, and 6 months. However, outcome variables for
laboratory findings were measured at baseline and 6 months.
Data will be analyzed using SPSS (version 22.0; IBM Corp)
and the significance level will be set at the level of P<.05.

Results

The authors completed patient enrollment in November 2020,
and the intervention and data collection were performed from
November 2020 to May 2021. The results of the first analysis
were made available in July 2021, as expected. We enrolled
126 patients (control group, n=63; intervention group, n=63) in
the study. The mean age of the participants was 57.97 (SD
15.03) years for the control group and 57.32 (SD 14.37) years
for the intervention group. A total of 71% (45/63) and 60%
(38/63) of the patients were female in the control and
intervention groups, respectively. A total of 67% (42/63) and
56% (35/63) of the patients were housewives in the control and
intervention groups, respectively. A total of 79% (50/63) and
71% (45/63) of patients were married in the control and
intervention groups, respectively. Furthermore, regarding the
control and intervention groups, 60% (38/63) and 52% (33/63)
of the patients were literate, 86% (54/63) and 78% (49/63) of
the patients had a monthly income of US $100 per month or
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higher, 13% (8/63) and 16% (10/63) of the patients were current
tobacco users, and 43% (27/63) and 30% (19/63) were current

smokeless tobacco users, respectively (Table 3).

Table 3. Demographic characteristics among the study participants.

Intervention group participants (n=63)Control group participants (n=63)Characteristic

57.32 (14.37)57.97 (15.03)Age in years, mean (SD)

Gender, n (%)

38 (60)45 (71)Female

25 (40)18 (29)Male

Literacy, n (%)

30 (48)25 (40)Illiterate

33 (52)38 (60)Literate

Occupation, n (%)

35 (56)42 (67)Housewife

4 (6)3 (5)Farmer

Marital status, n (%)

45 (71)50 (79)Married

18 (29)12 (19)Widowed

Income (US $), n (%)

14 (22)9 (14)<100/month

49 (78)54 (86)≥100/month

Current tobacco smoker, n (%)

10 (16)8 (13)Yes

53 (84)55 (87)No

Current smokeless tobacco user, n (%)

19 (30)27 (43)Yes

44 (70)36 (57)No

Discussion

Overview
This study’s overall effectiveness will be enhanced by the
publication of this research protocol. A nephrologist-facilitated
health campaign aims to increase knowledge and raise awareness
about CKD-related health concerns by engaging people in
discussions about important and influential health information.
The aim of such events is to increase knowledge and
understanding about CKD and its related risk factors, as well
as to educate people on how they can avoid disease progression
by living a healthy lifestyle. In addition, mHealth has been
shown to enhance awareness, QOL, and behavior among
low-income patients with chronic diseases, such as diabetes,
and is currently being tested among low-income CKD patients
[30]. While CKD management is a significant burden on health
practitioners in low-capital settings, CHWs can be an important
and underutilized resource for patient education. CHWs have
been shown to be effective in assisting people in improving
their health habits. A CHW intervention among patients with
diabetes, for example, increased patients’ awareness and helped
them control their blood glucose levels and BP [31]. To the best
of our knowledge, this is the first research study in Bangladesh

to evaluate the outcome of health education through a CKD
campaign and mobile phone calls to reduce CKD-related burden.
mHealth shows a lot of potential in terms of raising patient
awareness and understanding of kidney disease, as well as
improving kidney knowledge [16]. Furthermore, studies from
both developed and developing countries have demonstrated
the efficacy and user acceptance of mHealth technologies in the
management of CKD among patients; however, the majority of
them were limited to dialysis patients [14].

Strengths
A nephrologist facilitated the health campaign in this study, and
CHWs provided health education through mobile phone calls
in the patients’ native language (Bangla). Health education
materials were developed using the same language for better
understanding, even with minimum technical knowledge and
skills. Furthermore, the study’s strengths include the unbiased
systematic sampling approach used to recruit patients and the
standard laboratory facility used to identify patients with CKD.

Limitations
The patients in our study were randomly selected from the three
unions of the Mirzapur subdistrict, and this does not represent
the entire rural and periurban CKD population. In addition, data
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contamination from study patients and family members could
be another study limitation. Therefore, the CHWs received
verbal consent from patients not to disclose any study details
to their neighbors. Finally, due to budgetary limitations and
time constraints, our 6-month follow-up duration was relatively
brief.

Conclusions
If our results show an enhancement of the study outcomes
among patients with CKD (stages 1-3), we suggest integrating
health education via a campaign and mHealth as effective tools
at the national level. Further, we can improve patient
knowledge and motivate patients with CKD regarding their
health practices to improve their QOL.
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Abstract

Background: Weight bias internalization, also known as weight self-stigma, is a serious health concern for individuals with
higher body weight. Weight bias internalization is associated with the greater avoidance of health care and health-promoting
activities, disordered eating, social isolation, and weight gain. Elevated weight bias internalization has been associated with low
self-compassion, yet few investigations have explored self-compassion as a potential mechanism for reducing internalized weight
bias.

Objective: Ruby is a 2-arm randomized controlled trial that was designed to test the efficacy of a 4-week digital self-compassion
intervention to reduce internalized weight bias compared with a wait-list control.

Methods: Adults with elevated internalized weight bias and a BMI of >30 kg/m2 (N=80) were recruited. Ruby is a standalone
digital trial that will be delivered entirely via a smartphone and will involve web-based data collection and text messages. The
intervention content will include psychoeducation and daily mindfulness practices with a focus on self-compassion and body
concerns. We will use intent-to-treat analyses to examine changes in weight bias internalization throughout time by treatment
arm. The analyses will be conducted by using one-way analysis of covariance models and linear mixed models.

Results: The protocol was designed in May 2020 and approved in December 2020. Data collection is currently underway.

Conclusions: Ruby will be the first digital standalone, self-compassion–based intervention designed to reduce internalized
weight bias. Owing to its standalone digital delivery, Ruby may be a highly scalable treatment for internalized weight bias that
can be delivered on its own or combined with other treatments. We expect Ruby to be accessible to many, as participants can
access the digital intervention at times of the day that are the most convenient in their schedule and are not burdened by in-person
time commitments, which can be a barrier for participants with competing demands on their time and resources. If efficacious,
Ruby will be poised to expand a burgeoning body of literature related to psychological intervention in this area.

Trial Registration: ClinicalTrials.gov NCT04678973; https://clinicaltrials.gov/ct2/show/NCT04678973

International Registered Report Identifier (IRRID): DERR1-10.2196/31307

(JMIR Res Protoc 2021;10(11):e31307)   doi:10.2196/31307
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Introduction

The physiological impact of obesity is often seen as the primary
risk factor associated with obesity, but the psychosocial burden
of obesity is harmful and may pose a greater risk. Weight
stigma—the persistent devaluation, stereotyping, or
discrimination of a person based on weight—is of paramount
concern and a leading risk factor for adverse health outcomes
[1].

Weight stigma is pervasive; experiences of weight stigma have
been observed as early as at the age of 3 years [2]. Estimates of
weight stigma experiences (ie, teasing, unfair treatment, or
discrimination) across all demographics range from 20% to
40%. Rates tend to be higher in younger adults than older adults,
women, individuals who self-identify as White, and people in
higher weight classes [1]. Despite the myriad health
consequences of weight stigma, these attitudes are commonly
accepted in society because of the belief that body shame will
result in motivation to lose weight [3]. However, evidence
indicates that the opposite is true: experience of weight stigma
is associated with weight gain, social isolation, increased binge
eating episodes, and avoidance of health care services and
physical activity [4].

Weight stigma (ie, social rejection because of weight) emanates
from weight bias (ie, social prejudice regarding weight). Weight
bias can also be internalized; that is, individuals can apply these
societal beliefs about being overweight to themselves, begin to
believe these stereotypes themselves, and self-stigmatize. This
internalized weight bias (sometimes referred to as weight
self-stigma) results in numerous serious health consequences,
over and above those that may be associated with simply
experiencing weight stigma [5].

In adults, internalized weight bias has been shown to result in
an increased risk of metabolic syndrome, increased risk of eating
disorder development, elevated triglycerides, and decreased
quality of life after controlling for BMI [4,6]. The stress of
internalized weight bias is often compared with other chronic
discriminatory stressors (eg, racism). Dysregulation of the
hypothalamic-pituitary-adrenal axis and consequent long-term
elevation in cortisol levels have been observed in individuals
who internalize weight bias, replicating findings in
investigations of caregiver burden [7], employee burnout [8],
childhood bullying [9], and persistent racism [10].

Internalized weight bias is associated with increased rates of
maladaptive eating patterns and avoidance of healthy behaviors,
such as physical activity [11,12]. Individuals with internalized
weight bias are also less likely to attend preventive care visits
to their physician, less likely to complete health screenings in
accordance with guidelines, and more likely to switch health
care providers [4]. This three-pronged issue—maladaptive eating
patterns, physical inactivity, and fewer physician visits—may
contribute to the poor health and well-being of those with
internalized weight bias.

Recent evidence demonstrates that adaptive coping responses
mediate the association between experiencing weight stigma
and negative health outcomes [12]. Himmelstein et al [12] found

that health outcomes were directly associated with how
individuals responded to experiences of weight stigma. For
instance, experiencing weight stigma was associated with greater
depressive symptoms, but this effect was mediated by coping
with negative affect. Furthermore, weight stigma was indirectly
associated with lower depressive symptoms through the
mediating effect of coping via healthy lifestyle behaviors such
as eating healthy foods and exercising. This suggests that the
consequences of weight stigma might be more readily attributed
to an individual’s response to stigma than to stigma alone. If
internalization of weight bias is conceptualized as a response
to experiences of weight stigma (in the way that Himmelstein
et al [12] conceptualize negative affect), it becomes clear that
intervention on the internalization of weight bias is possible
and essential to improve health.

Acceptance- and mindfulness-based psychotherapies are
well-positioned to disrupt the pathway from weight stigma to
its negative health consequences. Recent investigations have
begun to test the effects of acceptance- and mindfulness-based
psychotherapies on weight stigma and related constructs (eg,
body dissatisfaction), resulting in positive effects on reducing
self-directed stigma [13]. Mindfulness skills are also known to
increase several aspects of metacognition, including decentering
from thoughts and emotions and reperceiving negative
experiences, which could significantly impact an individual’s
response to experiences of weight stigma and thus, the
development of internalized weight bias.

One such mindfulness skill is self-compassion. Self-compassion
is a multidimensional mindfulness-based construct consisting
of 3 parts: self-directed kindness, a sense of common humanity,
and mindfulness [14]. Recent investigations have highlighted
self-compassion as an important treatment target in patients
with internalized weight bias and related concerns.
Self-compassion is associated with greater overall psychological
health [15], and a more recent systematic review suggests that
amplifying self-compassion can ameliorate body image
disturbance and eating pathology [16]. Both experienced and
internalized weight bias have been linked to low self-compassion
and low self-kindness in young adults [17] and adults [11]. In
a clinical trial, self-compassion intervention was associated with
greater reductions in body dissatisfaction than in wait-list control
[18]. Overall, these findings suggest that self-compassion may
improve well-being and reduce internalized weight bias. To
date, no intervention has tested the efficacy of a brief
self-compassion intervention on internalized weight bias. We
aim to fill this gap by developing and testing a digitally delivered
self-compassion mindfulness intervention called Ruby.

Methods

Overview
Ruby is a 2-arm, 4-week randomized controlled trial (N=80)
testing the efficacy of a digital mindfulness-based
self-compassion intervention for internalized weight bias
compared with a wait-list control. The primary outcome is a
4-week change in self-reported weight bias internalization, as
measured by the Weight Bias Internalization Scale [5].
Secondary outcomes include 4-week changes in
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self-compassion, body appreciation, cognitive flexibility related
to weight, and other related constructs. The Duke University
institutional review board approved this protocol in December
2020.

Population

Overview
Ruby will enroll adults with obesity and internalized weight
bias. Eligible participants will be at least 18 years old, report a

BMI of at least 30 kg/m2, have experienced weight bias, report
elevated internalized weight bias as determined by a score of
at least 4.0 on the Weight Bias Internalization Scale, have a
smartphone, be willing to receive multiple text messages per
day and engage in mindfulness practice for up to 20 minutes
per day, live in the United States EST zone, and be able to read
and write in English fluently. A Weight Bias Internalization
Scale cutoff score of 4.0 has been used in prior research to
determine high internalization of weight bias [19]. Reports on
population norms of this measure indicate a cutoff score of 4.0
will capture women in the 80th percentile and men in the 90th
percentile of internalized weight bias [20]. Participants will be
excluded if they do not meet the eligibility criteria listed above,
if they are already regular meditators (ie, meditate for at least
1 day per week for more than 1 week), are currently engaged
in other treatments similar to Ruby (ie, in a mindfulness
program, working on weight-related distress, or actively trying
to lose weight), or have recently undergone bariatric surgery.

Power and Sample Size
We will recruit 80 adults aged >18 years who have English

language proficiency, a BMI higher than 30 kg/m2, and report
weight bias internalization equal to or greater than a score of
4.0. The sample size was calculated based on the primary
outcome using G*Power with a medium effect size determined
based on the literature (effect size=0.5; power=0.95). We predict
a 1-point reduction in the Weight Bias Internalization Scale
score, based on prior literature in this field. We will need a
minimum of 55 participants to be adequately powered; we
estimate a retention rate of 70% and thus inflated sample size
to account for attrition for a final sample size of 80 participants.

Recruitment
The target enrollment for this trial is 80 participants, with 40
participants in each group. Participants will be recruited from
anywhere within the EST zone in the United States to ensure
consistent timing of text messages across participants while
maximizing reach. To recruit eligible participants, we will use
a multipronged web-based approach. We will list information
about Ruby on a clinical trial registry from the National
Institutes of Health and use social media platforms (ie,
Instagram, Twitter, and Facebook) and professional networks
to distribute recruitment materials. We will also use
ResearchMatch, a national health volunteer registry, to identify
potentially eligible participants and notify them about Ruby.
Of note, 75% of ResearchMatch registrants are White
individuals, 70% are female, and 90% are non-Hispanic or

Latino individuals. All recruitment sources will direct interested
participants to the study website to provide details about the
intervention, eligibility criteria, and contact information for
study staff should they have questions about Ruby before
continuing to the remaining screening procedures.

Screening, Consent, and Baseline Assessments
The prescreening eligibility survey will be administered through
the REDCap (Research Electronic Data Capture) website
(Vanderbilt University), a secure web-based software platform
designed for data collection and management in research studies.
The survey will collect participant contact information,
recruitment sources, and questions to determine eligibility based
on the criteria listed above. The participant will be automatically
notified of their eligibility status and, if eligible, will be directed
to the web-based consent form. If ineligible, they will be
directed to nationally available resources for body image
concerns, mental health resources, and reading materials that
they might find supportive.

Eligible participants will proceed to the informed consent
document hosted on the REDCap platform. Participants will be
encouraged to read the informed consent document carefully
and contact study staff via email if they have any questions or
hesitations about participating in Ruby. If they are interested
and agree to the study procedures, they will provide their
electronic signatures to indicate their informed consent.

Participants who provide informed consent will be automatically
emailed a unique link to their baseline surveys and instructed
to complete them within 24 hours. The baseline surveys will
include several instruments to measure baseline values on a
variety of constructs, as described in more detail below. These
surveys can be completed in a web browser using smartphones
or personal PCs. Once participants complete their final baseline
assessment survey, REDCap will automatically send an email
to a study staff member to indicate that a new participant is
ready for randomization.

Randomization
Participants who are eligible, provide informed consent, and
complete baseline questionnaires will be randomized to one of
two trial arms: intervention or wait-list control. Randomization
will be conducted using simple random sampling; a
randomization allocation table will be created using Microsoft
Excel and uploaded to REDCap. Once the study staff is notified
of a new participant eligible to be randomized, they will
complete a random assignment using the randomization module
in REDCap, which automatically assigns the participant to 1 of
2 groups and locks their randomization data fields. Study staff
will not be blinded to randomization; however, this is not
expected to impact trial outcomes as both treatment arms are
completely preprogrammed, and thus, the potential bias of study
staff could not impact intervention delivery. Randomization in
REDCap will automatically trigger the delivery of text messages
to provide notifications to the participant of their assigned group
and orientation about what to expect. Figure 1 shows a summary
of the study flow.
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Figure 1. Study flow. REDCap: Research Electronic Data Capture.

Intervention Delivery
As described above, Ruby will be delivered as a standalone
digital health intervention via a smartphone. All data collection,
similar to screening and baseline assessments, will be automated
and completed via a web browser. Intervention content is
delivered via text messages with links to additional intervention
content. Given the known nonuse attrition common in mobile
apps, text messages provide an excellent delivery method for
Ruby [21]. Unlike a mobile app, text messages cannot be
uninstalled by the user nor can they be offloaded by the mobile
operating system because of the lack of available storage on the
smartphone. Although the user can go to additional lengths to
block text messages, we presume this will only occur for a small

subset of Ruby participants. Ruby is preprogrammed and
automated and thus requires no synchronous human contact
from a clinician or study team member.

Treatment Arms

Wait-list Control Group
Immediately following randomization, participants randomized
to the control group will receive 2 brief text messages notifying
them of their group assignment and extending gratitude for their
patience. The control group participants will receive one text
message halfway through their waiting period (ie, on day 14)
and one text message at the end of their waiting period (ie, on
day 28). The text on day 14 will notify them of the halfway
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point, and the text on day 28 will ask them to complete their
end-of-treatment surveys. No additional intervention content
or resources will be provided to the control group participants
during the trial period. After completion of their
end-of-treatment surveys, participants will be entered into a
raffle to win study compensation and will be offered access to
the Ruby intervention. If they opt in, they will begin receiving
the intervention the next day.

Intervention Group
Immediately following randomization, participants randomized
to the intervention group will be sent a series of text messages

notifying them of their group assignment. They will also receive
a link to a Ruby orientation page on the study website. The
orientation page will outline participation expectations and study
details, including when text messages will be sent and from
what phone number, what participants’ daily time commitment
will be, and how to get in touch with study staff if they need
technical assistance. An outline of the intervention activities
each day has been provided in Figure 2; the duration of each
mindfulness recording is provided.

Figure 2. Overview of the intervention components and delivery schedule.

Psychoeducation
Participants in the intervention group will receive a text message
from day 1 to day 6 of the intervention that includes a link to
psychoeducation material (Figure 2). These materials will be
hosted on a hidden page on the study website. The purpose of
the psychoeducation material is to orient users to their upcoming
experience, provide education about internalized weight bias,
the nervous system, and weight bias as a chronic stressor, the
utility of self-compassion practice to regulate physiological and
psychological targets, and guidance on establishing and
maintaining a mindfulness practice. Psychoeducation will be
delivered in written and animated video formats. A sample of
these materials can be viewed in Multimedia Appendix 1. Each
lesson will end with a reflection prompt that participants are
encouraged to respond to in a journal to help generalize each
lesson and apply them to their daily lives.

Mindfulness Practices
Beginning on day 2 of the intervention, participants will also
receive a link to an audio file of a guided mindfulness practice
via an automated text message each day. These mindfulness
audio files will be hosted on SoundCloud, and a link will be
texted to participants every morning. Mindfulness practices will

range in duration and focus in an effort to build intensity slowly
over the course of the intervention. For example, day 2 will
include a 4-minute mindfulness of breath practice to complete
after reading psychoeducation materials. Participants will be
instructed to use the brief mindfulness practices during week 1
to get acquainted with what it feels like to be engaged in
mindfulness, troubleshoot logistical barriers (eg, finding the
ideal location and time of day), and identify additional barriers
that may arise during their participation in Ruby (eg, noticing
more unwanted unpleasant emotions) while engaging in
supportive psychoeducation. As participants progress,
mindfulness practices will begin to focus on self-compassion
and finally, self-compassion as applied to body concerns. These
practices are publicly available mindfulness practices written
and recorded by Brach [22] and Neff [23]. Several of these
practices were previously used in other investigations of
compassion and body image concerns [18].

Daily Prompts
Daily tasks through days 1 to 28 will be automatically texted
to every participant at 7:15 AM each morning. This will include
links to psychoeducation materials and the accompanying
animated video and mindfulness practice. Because of technical
constraints, it is necessary for all participants to receive their
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daily prompts at the same time rather than allowing them to
select the most convenient time for them. Participants will be
instructed to complete their daily tasks or mindfulness practice
at the most convenient time each day. There is little extant
literature providing guidance on the preferred timing of text
messages in clinical trials. There is some evidence that
participants respond more favorably to text message prompts
sent during waking hours rather than during sleeping hours [24];
thus, 7:15 AM was chosen as the ideal time as many people are
awake and not yet at work at this hour. Participants will be
encouraged to reach out to study staff if they would like
assistance with troubleshooting the best time of day for
completing their daily practice (eg, if they are shift workers or
otherwise have an atypical schedule).

Participants will receive an additional text daily at 3 PM, which
includes a reminder of their reflection for the day, a tip to
troubleshoot mindfulness practice, a poem, or a note of
compassion. In orientation materials, participants will be
instructed to continue to follow the daily prompts even if they
miss a day (rather than try to catch up on missed material). The
additional texts (at 3 PM) will remind them of this instruction
on an approximately weekly basis, and they will be reoriented
to these instructions during their weekly self-monitoring
feedback.

Weekly Self-monitoring
At the end of each week (ie, days 6, 13, 21, and 28), participants
will be sent an automated text at 7 PM with a link to a weekly
self-monitoring survey hosted on REDCap. Participants will
report how many days that week they were able to complete
their assigned tasks and will be provided automated feedback
based on their responses.

If they practice for 0 to 3 days, they will provide feedback that
includes encouraging messages and prompts to use
self-compassion, identify specific barriers that got in the way
of their practice, and create an action plan for how they could
improve their adherence in the coming week. If they practice
for 4 to 6 days, they will be provided with reinforcement and
praise for completing their practice at least half of the week and
will be asked to identify specific barriers and create an action
plan for the coming week. If they practice every day, they will
be provided with reinforcement and praise and will be asked to
identify how they were able to practice every day and commit
to doing the same in the coming week. If the participant does

not respond to this survey, they will automatically be sent the
survey again the following evening.

Compensation
Participants who complete all required study tasks (ie, informed
consent, randomization, baseline surveys, and end-of-treatment
surveys) will be entered into a raffle to win one of 20 Amazon
e-gift cards valued at US $45 each. Participants will have a 25%
chance of winning compensation. After completion of the study,
20 participant identifiers will be randomly selected using a
random number generator. The participants will then have 72
hours to claim their compensation; if they are not responsive to
emails in <72 hours, additional participant identifiers will be
selected to maximize the number of participants who can receive
compensation.

Data Collection
Data collection for primary and secondary outcomes will be
assessed at baseline (day 0) and end-of-treatment (day 28). All
surveys will be administered via REDCap and are estimated to
take 15-30 minutes to complete. A complete list of the surveys
administered is presented in Table 1. Participants will be
expected to complete their baseline assessments on the same
day as they are deemed eligible. If a participant does not
complete the baseline assessments that day, they will receive
an automated email reminder that includes the link to the
assessments. This reminder will be sent every 24 hours up to 3
times. If a participant does not complete the baseline
assessments during the four-day window, they will be deemed
no longer interested.

After completing the intervention, participants will receive
additional text messages with instructions to complete the
end-of-treatment surveys and receive a link to their surveys in
their email. Participants will be encouraged to respond to the
surveys within 24 hours. If a participant does not complete the
surveys that day, they will receive an automated email reminder
that includes the link to the surveys every 24 hours up to 5 more
times. After 5 days of automated email attempts, study staff
will personally reach out to participants via email to provide
context about end-of-treatment surveys, remind them of the
compensation they would be eligible to receive if they completed
these surveys, and provide an opportunity for the participant to
voice questions or concerns they may have about completing
these surveys.
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Table 1. Surveys administered at each timepoint.

Time pointInstrument

Day 28

(end-of-treatment)

Day 21Day 14Day 7Day 0

(baseline)

Screening

✓aDate of birth

✓Anthropometric data

✓Modified weight bias internalization scale [5]

✓Demographics

✓✓Self-compassion scale [25]

✓✓Weight self-stigma questionnaire [26]

✓✓Fear of compassion scale [27]

✓✓Patient health questionnaire [28]

✓Weight and dieting history [29]

✓✓Intuitive eating scale [30]

✓✓International physical activity questionnaire (short form)
[31]

✓✓Five facet mindfulness questionnaire (short form) [32]

✓✓Body appreciation scale [33]

✓✓Acceptance and action questionnaire for weight [34]

✓Childhood trauma questionnaire [35]

✓✓✓✓Weekly adherence survey

✓Acceptability and feasibility ratings

✓Engagement and feedback report

aVariable assessed.

Measurements

Primary Outcomes

Weight Bias Internalization

Participants will complete the Modified Weight Bias
Internalization Scale [5], a 10-item version of the prior Weight
Bias Internalization Scale. This is a psychometrically validated
assessment of weight bias internalization in people of all weight
statuses, and the 10-item version of the original scale [36] was
created to capture weight bias internalization regardless of
whether the respondent was identified as overweight or obese
[37]. Participants will be asked to rate their agreement with
statements such as “My weight is a major way that I value
myself as a person.” The Modified Weight Bias Internalization
Scale is scored by computing the mean of 10 item responses
rated on a 1 to 7 scale, with higher scores signifying greater
weight bias internalization.

Weight Self-Stigma

Participants will complete the Weight Self-Stigma Questionnaire
[26], a 12-item assessment of self-directed weight stigma. The
Weight Self-Stigma Questionnaire captures different aspects of
weight bias internalization and self-directed stigma compared
with the Weight Bias Internalization Scale. Notably, in addition
to the total score, the Weight Self-Stigma Questionnaire
measures 2 distinct subscales: fear of enacted stigma and

self-devaluation. Although both instruments are sound measures
of weight bias internalization [38], they demonstrate different
sensitivities to change in recent interventions of weight bias
internalization [19]. Participants will be asked to rate their
agreement with statements such as “I became overweight
because I’m a weak person.”

Self-Compassion

Participants will complete the Self-Compassion Scale [25], a
26-item assessment of an individual’s capacity to direct
compassion toward themselves. Participants will be asked how
frequently they behave in a self-compassionate manner by
responding to statements such as “I try to be loving toward
myself when I am feeling emotional pain.” Per the
recommendations by Neff [25], we will use the total score
comprising all 6 factors in our primary outcome analysis. To
understand the specific mechanisms that conferred changes in
self-compassion global score, we will also analyze each of the
6 subfactors: the 3 compassionate self-responding factors
(self-kindness, common humanity, and mindfulness) and the 3
uncompassionate self-responding factors (ie, self-judgment,
isolation, and overidentification).

Secondary Outcomes

Mindfulness Constructs

The mindfulness constructs are as follows:

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e31307 | p.95https://www.researchprotocols.org/2021/11/e31307
(page number not for citation purposes)

Hopkins et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


• Mindfulness: Participants will complete the Short Form
Five Facet Mindfulness Questionnaire [32], a 24-item
instrument that measures 5 facets of a tendency to be
mindful in daily life. The 5 facets assessed are observing
internal experience, describing internal experience, acting
with awareness, nonjudging of inner experience, and
nonreactivity to inner experience. Participants will rate their
agreement with statements such as “When I have distressing
thoughts or images, I don’t let myself be carried away by
them.” Items are rated on a scale of 1 to 5, with higher
scores indicating greater mindfulness.

• Weight-related experiential avoidance: Participants will
complete the Acceptance and Action Questionnaire for
Weight-Related Difficulties–Revised [34], a 10-item
measure of experiential avoidance of unwanted thoughts,
feelings, and actions related to weight. Data suggest that
using a domain-specific inventory of experiential avoidance
is more accurate than using the general Acceptance and
Action Questionnaire. On this instrument, participants will
be asked to rate their agreement with statements such as
“When I evaluate my weight or appearance negatively, I
am able to recognize that this is just a reaction, not an
objective fact.” Items are rated from 1 (never true) to 7
(always true). Higher global scores reflect greater
experiential avoidance. Three subfactors will also be
analyzed: food as control (the tendency to use food as
coping), weight as a barrier to living (tendency to move
away from a valued life due to one’s body shape or weight),
and internalized weight stigma.

• Fear of compassion: Participants will complete one subscale
from the Fear of Compassion Scale [27]. The Fear of
Compassion Scale measures compassion in the following
three domains: compassion from others, compassion for
others, and compassion for self. We will administer the
17-item fear of compassion for the self-subscale.
Participants will rate their agreement with statements such
as “I feel that I don’t deserve to be kind and forgiving to
myself.” Items are rated from 0 (do not agree at all) to 4
(completely agree) and summed, with lower scores
indicating lower fear of compassion.

Weight and Eating Constructs

The weight and eating constructs are as follows:

• Body appreciation: Participants will complete the Body
Appreciation Scale 2 [33], a 10-item inventory assessing a
sense of gratitude, appreciation, and positive attitudes
toward the body. The original Body Appreciation Scale
was updated to eliminate gendered language and update
language, assuming that all respondents had
body flaws
that were inherently negative or looked upon unfavorably
by the respondent. Participants will rate their agreement
with statements such as “I appreciate the different and
unique characteristics of my body.” Items are rated on a
scale of 1 (never) to 5 (always); responses are averaged for
a total score, with higher scores indicating higher body
appreciation.

• Intuitive eating: Participants will complete the Intuitive
Eating Scale-2 [30], a 23-item assessment of an individual’s

tendency to eat in alignment with internal versus external
cues. Participants will rate their agreement with statements
such as “When I am craving a certain food, I allow myself
to have it” on a scale of 1 (strongly disagree) to 5 (strongly
agree), and a global score will be calculated, with higher
scores indicating more intuitive eating patterns. We will
also calculate each of the 4 subscales: unconditional
permission to eat, eating for physical rather than emotional
reasons, reliance on hunger and satiety cues, and body-food
choice congruence.

• Weight and dieting history: Participants will respond to a
series of questions selected from the Weight and Lifestyle
Inventory [29]. We will select items that inquire about the
frequency of dieting across their life span, age of first
dieting experience, frequency of weight cycling episodes,
history of eating disorder diagnosis or treatment, and
specific dieting behaviors used (eg, caloric restriction and
prescription medications). One weight cycle will be defined
as a loss and regain of at least 10 pounds [39].

• Physical activity: Participants will complete the
International Physical Activity Questionnaire–Short Form
[31], a self-report inventory of recent physical activity
across different domains (vigorous activity, moderate
activity, walking, and leisure) in the past week.

Psychopathology and Trauma Constructs

The psychopathology and trauma constructs are as follows:

• Depression: Participants will complete the Patient Health
Questionnaire 2 [28], a self-report instrument measuring
depressive symptoms derived from the diagnostic criteria
in the Diagnostic and Statistical Manual of Mental
Disorders-IV. The 2-item version (abbreviated from the
original 9-item Patient Health Questionnaire) does not
include the suicidal ideation item and demonstrates good
predictive validity with a cutoff score of ≥2 [40].

• Adverse childhood experiences: Participants will complete
the Childhood Trauma Questionnaire [35], a 28-item
retrospective assessment of childhood experiences of abuse,
neglect, and maltreatment. The Childhood Trauma
Questionnaire assesses experiences that are often not
captured, such as chronic neglect, invalidation,
psychological abuse, and other experiences that may not
meet Diagnostic and Statistical Manual of Mental Disorders
Criterion A trauma thresholds, yet significantly impact an
individual’s capacity for healthy attachment, sense of self,
and other measures of well-being. The Childhood Trauma
Questionnaire has the following five subscales: emotional
abuse, physical abuse, sexual abuse, emotional neglect, and
physical neglect.

• Engagement and feedback: We will assess study adherence
using weekly surveys in which participants will be asked
to report the number of days they practiced mindfulness.
Self-report adherence will also be assessed in the
engagement and feedback surveys provided at study
completion. In these surveys, we will ask participants to
report what percentage of Ruby they believe they
completed, which psychoeducation lessons and mindfulness
practices they completed, and provide feedback on
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intervention content. We will also assess the usability and
acceptability of Ruby at the end of the treatment.

Analytic Approach
To describe baseline characteristics, we will compute descriptive
statistics stratified by the treatment arm. To determine whether
baseline characteristics differ by group assignment or retention
status, we will use Pearson chi-square tests for categorical
variables and analysis of variance for continuous variables.

We will use intent-to-treat analyses to test our primary study
aim using one-way analysis of covariance models and linear
mixed models to examine changes in weight bias internalization
over time by treatment arm. Linear mixed models will be fitted
with a full maximum likelihood estimation, and we will assume
missingness at random. We will use an unstructured covariance
matrix. We will not control for any additional variables. If the
distribution of any outcome is heavily skewed, we will apply
transformations to the data to conduct these analyses. We will
assess the impact of moderating variables using analysis of
covariance and linear mixed models. We hypothesize that the
intervention effect may be moderated by certain demographic
variables (ie, race or gender) or psychological variables (ie, fear
of self-compassion or adverse childhood experiences determined
by scores on the Childhood Trauma Questionnaire). We also
hypothesize that the effect of the intervention will be partially
mediated by an increase in self-compassion, measured using
the Self-Compassion Scale. We will conduct mediation analyses
using the SPSS PROCESS macro (IBM Corp) with 5000
bootstrap samples. Exploratory analyses will assess the
moderating impact of additional constructs (eg, baseline
depression scores) and the impact of the intervention on tertiary
outcome variables (eg, body appreciation score and intuitive
eating score). The sample size will likely not be large enough
to be fully powered for these exploratory analyses, although
they are worthy of investigation given the lack of clinical trials
in this area. We will also conduct a per-protocol analysis with
participants who report completing at least 60% of Ruby
components for all analyses.

Results

This protocol was designed in May 2020 and approved by the
Duke University Institutional Review Board in December 2020.
Data collection began in January 2021 and was completed in
August 2021. Data analyses are underway, and the results are
expected to be published in December 2021.

Discussion

Comparison With Prior Work
Ruby will be the first self-compassion-based intervention
designed to reduce internalized weight bias. Although several
cross-sectional investigations have indicated that
self-compassion may be a construct of interest concerning
internalized weight bias, Ruby is the first to test its efficacy in
a randomized controlled trial. If efficacious, Ruby will be poised
to expand a burgeoning body of literature related to
psychological intervention in this area of need.

The nascent body of intervention research on internalized weight
bias has demonstrated several promising results.
Cognitive-behavioral strategies, such as the Weight Bias
Internalization and Stigma (BIAS) program, have been tested
to reduce internalized weight bias. The BIAS program has been
tested in a pilot trial and a randomized controlled trial [19,41],
testing an 8-week cognitive-behavioral intervention to reduce
internalized weight bias compared with a quasi-control. The
results of the pilot study suggest that the BIAS program can
reduce weight bias internalization using cognitive-behavioral
strategies. This program was then modified and tested in a
randomized controlled trial with a longer duration (12 weeks)
and combined with behavioral weight loss, compared with a
behavioral weight loss program alone. No difference was
observed between the 2 groups in the reduction of weight bias
internalization when measured using the Weight Bias
Internalization Scale, and some group differences were observed
when weight bias internalization was measured using the Weight
Self-Stigma Questionnaire. Overall, these results indicate that
cognitive-behavioral interventions for internalized weight bias
show some promise and require additional investigation. Further,
differential results—depending on the self-report instrument
used—raise important questions about measurements of this
construct that should be explored in future work.

Acceptance- and mindfulness-based interventions for
internalized weight bias show additional efficacy. Mindfulness
strategies have been used several times to aid in obesity
interventions, weight-related quality of life interventions, and
recently, to improve body image concerns. Ruby is the first
study to specifically test the efficacy of self-compassion
mindfulness practices in reducing internalized weight bias.
Albertson et al [18] demonstrated preliminary evidence that
self-compassion could be useful in treating body image
concerns, and the design of Ruby was inspired by their work,
although there are some key differences. Albertson et al [18]
trial was a 3-week intervention that provided self-compassion
mindfulness audio files via podcast compared with a wait-list
control. Ruby aims to provide additional psychoeducation about
mindfulness, internalized weight bias, and the health effects of
each.

Furthermore, the schedule of mindfulness practices differs when
comparing Ruby with the Albertson et al [18] intervention;
Ruby aims to build mindfulness skills slowly, beginning with
brief practices (ie, 4 minutes) to improve accessibility for new
meditators. Although both trials encourage daily mindfulness
practice, Ruby’s mindfulness practices slowly increase in
duration until they reach 20 minutes per day, whereas Albertson
et al [18] opted to provide 20 minutes mindfulness recordings
throughout the intervention. These key differences may or may
not affect the efficacy of the intervention. Participants in the
trial by Albertson et al [18] reported significant reduction in
body dissatisfaction, reduction in body shame, and increase in
body appreciation at 3 weeks. Moreover, these improvements
remained 3 months after the completion of the study. Other
studies have begun to explore the associations between
acceptance-based strategies and body image concerns, such as
the KgFree study [13].
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Strengths and Limitations
To date, most interventions for internalized weight bias have
been lengthy and in-person interventions. Ruby may be an
especially promising treatment for internalized weight bias for
many reasons because of its remote, standalone digital delivery.
First, remote, digital interventions can reach large portions of
the population, given near-universal access to smartphones and
other internet-capable devices across sociodemographically
diverse communities. Even among individuals earning less than
US $30,000 annually, more than 85% of US adults own
smartphones, and rates of ownership increase among higher
income levels [42]. This is particularly important because
individuals living on lower incomes can have especially limited
access to traditional in-person treatments for myriad reasons.
Second, standalone digital interventions are more scalable than
in-person or human-supported digital interventions, as they are
not constrained by the availability of a finite number of health
care providers.

Similarly, digital interventions may be more accessible than
in-person treatment, as participants can access a digital
intervention at times of the day most convenient in their
schedule and are not burdened by in-person time commitments,
which can be a barrier for participants with shift jobs, caregiver
responsibilities, lack of transportation, and so on. Finally, the
standalone digital delivery approach allows Ruby to operate at
a much lower cost than human-supported treatments for weight
bias. Although a standalone remote intervention may not be
sufficient for all individuals, Ruby’s comparatively low resource
footprint may make it a viable first option in a stepped care
model. Remote, standalone digital interventions may be a
particularly promising first-step intervention given the negative
impact of internalized weight bias on help-seeking [4] and may

be a useful alternative to group-based treatment that may prime
individuals for comparison with others.

Owing to the brief, digital, standalone design of this trial, we
believe Ruby could be easily disseminated and integrated into
other evidence-based care packages to enhance their effects.
Self-compassion training would make an excellent adjunctive
treatment in populations that tend to have higher body weights,
such as for interventions concerning physical activity, diabetes
management, hypertension, or weight loss. Future investigations
should explore the efficacy of Ruby in tandem with such
treatments. If efficacious, Ruby may be able to improve
treatment engagement and reduce downstream markers of
chronic stress in these populations and improve overall treatment
outcomes.

Recent popular media outlets have suggested that weight loss
medications, such as semaglutide, may also result in reductions
in weight stigma. Although any reduction in weight stigma is
welcomed, we posit that reductions in weight stigma need not
be tied to weight loss. It is well known that weight-related
reductions in weight stigma in some populations are often
reversed when weight is regained; thus, these reductions may
be temporary and may send a message that patients must be
thin to be free of weight stigma. Furthermore, investigations of
stigma following bariatric surgery suggest that many patients
experience lingering internalized weight bias even after losing
significant amounts of weight because of the lasting effects of
chronic stress and discrimination based on their weight. Finally,
weight loss is not mandatory. Many Americans live long,
healthy, and values-consistent lives at higher weights and should
have access to low-cost, effective treatments to reduce
internalized weight bias without inducing weight loss. For these
individuals, Ruby may hold a promise.
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Sample psychoeducation video delivered on day 1.
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Abstract

Background: Physical activity alleviates chronic stress. The latest research suggests a relationship between resilience and
physical fitness. Beneficial adaptations of the hypothalamic-pituitary-adrenal axis, sympathetic nervous system, endocannabinoid
system, and tryptophan pathway, which are induced by an active lifestyle, are considered to be conducive to resilience. However,
detailed knowledge on the molecular link between the effects of acute and chronic physical exercise and improved resilience to
stress in humans is missing. Moreover, the relationship between innate and acquired aerobic capacity and resilience is poorly
understood.

Objective: The aim of this study is to implement a human exercise intervention trial addressing the following main hypotheses:
a high innate aerobic capacity is associated with high resilience to stress, and web-based physical exercise training improves
aerobic capacity of physically inactive adults, which is accompanied by improved resilience. In this setting, we will analyze the
relationship between resilience parameters and innate and acquired aerobic capacity as well as circulating signaling molecules.

Methods: A total of 70 healthy, physically inactive (<150 minutes/week of physical activity) adults (aged 18-45 years) will be
randomly assigned to an intervention or control group. Participants in the intervention group will receive weekly training using
progressive endurance and interval running adapted individually to their remotely supervised home training performance via
web-based coach support. A standardized incremental treadmill exercise test will be performed before and after the intervention
period of 8 weeks to determine the innate and acquired aerobic capacity (peak oxygen uptake). Before and after the intervention,
psychological tests and questionnaires that characterize parameters implicated in resilience will be applied. Blood and saliva will
be sampled for the analysis of cortisol, lactate, endocannabinoids, catecholamines, kynurenic acid, and further circulating signal
transducers. Statistical analysis will provide comprehensive knowledge on the relationship between aerobic capacity and resilience,
as well as the capacity of peripheral factors to mediate the promoting effects of exercise on resilience.

Results: The study was registered in October 2019, and enrollment began in September 2019. Of the 161 participants who were
initially screened via a telephone survey, 43 (26.7%) fulfilled the inclusion criteria and were included in the study. Among the
55% (17/31) of participants in the intervention group and 45% (14/31) of participants in the control group who completed the
study, no serious adverse incidents were reported. Of 43 participants, 4 (9%) withdrew during the program (for individual reasons)
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and 8 (19%) have not yet participated in the program; moreover, further study recruitment was paused for an indeterminate amount
of time because of the COVID-19 pandemic.

Conclusions: Our study aims to further define the physiological characteristics of human resilience, and it may offer novel
approaches for the prevention and therapy of mental disorders via an exercise prescription.

International Registered Report Identifier (IRRID): DERR1-10.2196/29712

(JMIR Res Protoc 2021;10(11):e29712)   doi:10.2196/29712

KEYWORDS

stress resilience; eHealth; aerobic capacity; peak oxygen uptake; cortisol; kynurenic acid; endocannabinoids

Introduction

Background
Physical inactivity is one of the major risk factors for global
mortality; therefore, an active lifestyle is highly important to
promote health and longevity. The risk for cardiovascular
diseases, type 2 diabetes, osteoporosis, metabolic syndrome,
specific cancers, and several other diseases is reduced by being
physically active [1], and physical exercise can be prescribed
as a medicine for 26 common chronic diseases [2]. In addition,
mental health is positively affected by regular physical activity.
Physical exercise induces the preservation of brain volume,
which is associated with cognitive benefits [3,4]; it promotes
blood-brain barrier integrity and protects against central nervous
system infiltration of immune cells [5], and neurodegenerative
diseases, such as Alzheimer and Parkinson disease, are
counteracted by an active lifestyle [6].

To show the influence of exercise type, frequency, duration,
and intensity on mental health, a cross-sectional study was
conducted with 1.2 million individuals in the United States
between 2011 and 2015 [7]. It was shown that regularly
physically active persons have approximately half as many days
of poor mental health than physically inactive persons.
Furthermore, it was demonstrated that any kind of exercise had
a reduced mental health burden compared with not exercising.
A duration of at least 45 minutes with a frequency of 3 to 5
times a week is recommended. However, the authors also
cautioned that more exercise is not always better [7].

To improve peak oxygen uptake (VO2peak), it has been shown
that individuals who perform interval training have a higher
increase in VO2peak [8] or have a shorter exercise duration with
similar increases in VO2peak compared with those who perform
continuous exercise [9-11]. The comparison between low- and
high-fit groups showed that the high-fit participants reacted and
recovered faster within and after a psychological stress situation
[12,13]. Furthermore, high-fit individuals had a lower cortisol
concentration at rest and higher variability during the stressor
compared with low-fit individuals. Moreover, a low
cardiorespiratory fitness at the age of 18 years is associated with
serious depression in later life [14], whereas implementing
regular physical exercise training induces comparable efficacy
in the treatment of major depression as antidepressant
medication [15]. The described positive effects of physical
exercise on mental health are accompanied by increased overall
resilience [16].

Currently, there is no uniform and stringent definition of
resilience [17-19]. A common psychological definition of
resilience is “a person’s ability to adapt successfully to acute
stress, trauma or more chronic forms of adversity” [20].
According to Kalisch et al [17], it is defined as the “empirically
observable phenomenon [...] that someone does not develop
lasting mental health problems although he or she is subject to
adversity.” Recent resilience theories suggest a distinction to
be made between resilience as an outcome, that is, the change
in mental health relative to the stressor burden in a certain
period, and resilience mechanisms, that is, variables that directly
affect resilient outcomes [17]. By now, several psychosocial
characteristics of a resilient phenotype (eg, lower levels of
denial, avoidant coping behavior, and high positive emotionality)
and multiple ways of promoting it (eg, improving
problem-solving and planning skills) have been described [16].
Emotion regulation ability is considered a potential resilience
mechanism and finds prominence in dynamic resilience theories
[17,21]. Previous cross-sectional studies have indicated a
positive relationship between physical activity and emotion
regulation [22,23]. However, the driving neural circuits and
underlying molecular pathways in resilience, especially in the
context of physical exercise, are only beginning to be unraveled
[16].

The major neuroendocrine and neural drivers of the responses
to stress are the hypothalamic-pituitary-adrenal (HPA) axis,
which mediates glucocorticoid (cortisol) release, and the
sympathetic nervous system, which initiates the release of
catecholamines (epinephrine and norepinephrine) in interaction
with the immune system. Adequate activation of these systems
in response to psychological or physical stress and subsequent
restoration of homeostasis is critical to physical and mental
health [16,24]. Malfunction of this responsive orchestration is
associated with the development of several chronic diseases,
including psychiatric diseases, autoimmune diseases, and
cardiovascular diseases, contributing to mortality worldwide
[25-27]. Acute bouts of physical exercise activate the HPA axis
and the sympathetic nervous system, leading to increased stress
hormone release followed by immune cell mobilization in a
dose-responsive fashion [28-30]. When cessation of the physical
stressor and the ensuing reconstitution of a homeostatic state
occurs after a moderate period, adaptive mechanisms may result
in improved stress reactivity. These adaptations include
neurogenesis, improved synaptic plasticity and neuroprotection
(eg, by increased levels of brain-derived neurotrophic factor
[30,31]), and the promotion of an anti-inflammatory state (eg,
by enhanced anti-inflammatory cytokines and reduced c-reactive
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protein release [32]). Consequently, regular physical exercise
may increase resilience by promoting a more adaptive activation
of the HPA axis. Similarly, an exercise-induced shift in the
tryptophan pathway, resulting in decreased kynurenine and
increased kynurenic acid plasma levels, is considered to promote
neuroprotection and resilience [33,34]. Furthermore, physical
exercise activates the endocannabinoid system, which is
considered to result in cognitive benefits and an antidepressant
effect [35-37]. Thus, exercise prescription constitutes a useful
means for the prevention and treatment of psychological and
neurodegenerative diseases and moreover offers the possibility
to enhance resilience in the general population.

Structured physical exercise interventions have been
successfully implemented to improve disease states in brain
diseases, such as major depression, Alzheimer disease, and
Parkinson disease [15,38,39]. However, personalized training
in a face-to-face fashion requires a high workload for coaches,
and participants need to adhere to a strict time schedule.
Individualized web-based physical exercise interventions allow
trainers to remotely supervise multiple participants in a time-
and cost-effective manner, for example, by providing weekly
feedback. In turn, participants are highly flexible when
integrating the training sessions into their daily routines and
still receive individualized training programs from a coach. Our
research group had previously shown in different types of
patients that a web-based exercise program is useful, does not
harm any participant, and improves physiological parameters,
such as VO2peak [40,41], and clinically relevant parameters
[42-45].

Physical activity is positively associated with blunted stress
reactivity and shorter stress recovery in response to various
stressors [46,47]. To investigate acute stress reactivity and
recovery in a psychophysiological laboratory, an experimental
paradigm that significantly induces stress at the psychological
and physiological levels is needed. Dickerson and Kemeny [48]
identified several elements that reliably elicit significant HPA
axis responses in participants: (1) physical stressors (eg, heat
or cold), (2) mental challenges (eg, arithmetic tasks and working
memory tasks), and (3) social evaluation (eg, giving a speech
in front of a jury). In psychological stress research, there are
several established stress paradigms that make use of these
elements. The Socially Evaluated Cold Pressor Task (SECPT)
[49] and the ScanSTRESS-C [50] for acute stress induction are
experimental paradigms that have previously been proven
effective in eliciting acute stress responses at the psychological
(ie, decreases in well-being), endocrine (ie, high levels of
catecholamines and cortisol), and physiological (ie, higher heart
rate levels) levels [50-52].

Objectives
In this study, we implement an 8-week randomized controlled
trial of a web-based, individualized physical exercise training
intervention to evaluate the link between aerobic capacity and

resilience in healthy untrained adults. Therefore, baseline values
of performance diagnostics to determine the innate aerobic
capacity (VO2peak) as well as emotion regulation abilities,
stress reactivity, and stress recovery (saliva cortisol) as potential
resilience mechanisms are estimated. We hypothesize that (1)
participants with a high innate aerobic capacity will show a
higher resilience to stress compared with participants with low
aerobic capacity. This will be followed by 8 weeks of
individualized web-based physical exercise training combining
continuous and interval-type running exercises with the aim of
progressively increasing aerobic capacity. After completion of
the exercise intervention, performance diagnostics will be
repeated to estimate the acquired aerobic capacity, as well as
to assess the psychological parameter. In addition, secondary
outcomes of molecular factors, including hair cortisol levels,
endocannabinoids, catecholamines, cytokines, and cell-free
DNA, and results of several questionnaires will be determined
throughout the study. We hypothesize that (2) the exercise
intervention will improve the aerobic capacity of the intervention
group, which (3) will be accompanied by improvements in
resilience factors. This will offer the possibility to exploratively
study the underlying molecular mechanism (stress hormone
release and immune reactions) in the promotion of resilience
by regular physical activity.

Methods

Trial Design and Participants
This study is designed as a prospective randomized controlled
trial with 2 phases of data collection before (baseline
examination; time point 0 [T0] and time point 1 [T1]) and after
(final examination; time point 2 [T2] and time point 3 [T3]) 8
weeks of web-supervised physical exercise training intervention
(T1-T2; Figure 1). The multidisciplinary single-center trial is
a collaboration among the Institute of Physiological Chemistry,
Department of Psychiatry and Psychotherapy, Department of
Clinical Psychology and Neuropsychology, and Department of
Sports Medicine, Disease Prevention and Rehabilitation. The
medical association Rhineland-Palatinate approved the study
(July 29, 2019, ID: 2019-14305), and the study was registered
with the German Clinical Trials Register (DRKS;
DRKS00018078; October 2, 2019) and conformed to the
standards of the Declaration of Helsinki of the World Medical
Association. Administrative changes of the protocol, if needed,
are minor corrections and clarifications that have no effect on
the way the study is to be conducted. An amendment will be
approved by the Ethics Committee Landesärztekammer
Rhineland-Palatinate before implementation. This protocol
follows the guidelines from the SPIRIT (Standard Protocol
Items: Recommendations for Interventional Trials) [53] and the
CONSORT-eHEALTH checklist (Multimedia Appendix 1)
[54]. A SPIRIT diagram of enrollment, interventions, and
assessments is provided in Figure 1.
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Figure 1. SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) diagram of enrollment, interventions, and assessments. ADS:
Allgemeine Depressionsskala; ASI: Anxiety Sensitivity Index; BRS: Brief Resilience Scale; BSI: Brief Symptom Index; CERQ: Cognitive Emotion
Regulation Questionnaire; CG: Control Group; CTQ: Childhood Trauma Questionnaire; ECG: electrocardiogram; ERQ: Emotion Regulation Questionnaire;
GOT: Glutamate Oxalacetate Transaminase; GPT: Glutamate Pyruvate Transaminase; GSE: General Self-Efficacy Scale; HPA: Habitual Physical
Activity Questionnaire; IG: Intervention Group; IPAQ: International Physical Activity Questionnaire; MDBF: Mehrdimensionaler
Befindlichkeitsfragebogen; PAR-Q: Physical Activity Readiness Questionnaire; PSS-10: Perceived Stress Scale–10; SCS-D: Self-compassion
Scale–German Version; SECPT: socially evaluated cold pressor test; SF-36: Short-Form Health Survey; SRS: Stress Reactivity Scale; TICS-SSCS:
Trier Inventory for the assessment of Chronic Stress–Screening Scale For Chronic Stress.

The primary (VO2peak and saliva cortisol) and key secondary
outcomes, trial methods, and designs are summarized in the
World Health Organization trial registration data set (Textbox

1). This study includes 4 time points of investigation of
physiological and psychological parameters, including the
primary end points of a change in VO2peak and saliva cortisol
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from the baseline: at T0 and T1, baseline values will be
estimated, and at T2 and T3, data collection following the
control or exercise intervention will be performed. T0 and T2,
as well as T1 and T3, are structured in the same way, except
for the separately listed psychological examinations at the
measurement points. T1 and T3 will be performed after a
maximum of 10 days after T0 and T2, respectively. Written
consent after a detailed oral explanation will be obtained from
all participants at the beginning and after completion of the
study by the responsible study physician. At the beginning of
the study (T0), the participants will not be fully informed about
the purpose and aim of the psychological stress tests. Full
clarification will take place at T3. If a participant wishes to
discontinue the study prematurely, they will be fully informed
about the purpose and aim of the psychological stress tests.

Participant recruitment commenced in September 2019.
Participants were and will be recruited via flyer announcements

for the study (Multimedia Appendix 2) at multiple locations at
the Johannes Gutenberg-University of Mainz and the University
Medical Center campuses, as well as diverse places for leisure
activities, as impersonal recruitment. Inclusion into the study
is a two-step procedure beginning with a telephone survey
according to the eligibility criteria (Textbox 2). At the first visit,
sport capability will be confirmed and the participants will be
included in the study. Blinding of participants will not take
place. After telephone screening and recruitment, participants
will be randomized (Figure 2) into the intervention group (IG)
or control group (CG). The IG will participate in the 8-week
sports intervention based on a combination of continuous and
interval-type running exercises. Participants in the IG will be
told not to engage in further high-intensity sports activities.
Participants in the CG will be told not to change their daily
lifestyles during the intervention period.

Figure 2. Study design flow diagram.
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Textbox 1. World Health Organization trial registration data set.

Trial registration data set

• Primary registry and trial identifying number: German Clinical Trials Register DRKS00018078

• Date of registration in primary registry: October 2, 2019

• Secondary identifying numbers: none

• Source of monetary or material support: Boehringer Ingelheim Foundation

• Primary sponsor: Boehringer Ingelheim Foundation

• Secondary sponsor(s): not applicable

• Contact of public queries: ochmann@uni-mainz.de (DO); albrahme@uni-mainz.de (AB)

• Contact for scientific queries: albrahme@uni-mainz.de (AB)

• Public title: mediators of a link between innate or acquired aerobic capacity and stress resilience

• Scientific title: The association of innate and acquired aerobic capacity with resilience in healthy adults: Protocol for an 8-week randomized
controlled, web-based, physical exercise intervention study

• Countries of recruitment: Germany

• Health condition(s) or problem(s) studied: healthy participants

• Intervention(s): web-based exercise intervention; control

• Key inclusion criteria:

• Age: 18-45 years

• Healthy

• Suitable for sports

• Physically inactive (<150 minutes/week physically active)

• Gender: male and female

• Key exclusion criteria:

• Absolute contraindications to exercise

• Smoker or other tobacco consumption

• High blood pressure

• Long-term medication intake

• Hairless participants (<1 cm)

• Shift worker

• Participation in another study

• Psychological disorders

• Study type:

• Interventional

• Allocation: randomized, controlled

• Intervention model: parallel assignment

• Primary purpose: prevention

• Date of first enrollment: September 10, 2019

• Target sample size: 70

• Recruitment status: Recruiting

• Primary outcome(s):

• Improvement of the maximum oxygen uptake through an 8-week web-based training intervention.

• Investigation of the link between the changes in maximum oxygen uptake induced during training intervention and the associated changes
in salivary cortisol induced during a stress test.
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Key secondary outcomes:•

• Investigation of the link between maximum oxygen uptake and resilience by determining physiological and biochemical markers in the
untrained state before an 8-week web-based training intervention.

• Investigation of the link between the changes in maximum oxygen uptake and resilience induced through training intervention by determining
physiological and biochemical markers.

• Sustainability of the change in resilience 12 and 24 weeks after 8 weeks of web-based training intervention.

Randomization
The included participants will be randomly assigned with a
50%-50% allocation to the IG or CG. Randomization will be
performed using the EXCEPT NUMBER command in Microsoft
Excel. In addition, randomization will be stratified by gender
with an expected ratio of 50%-50% and BMI with an expected
ratio of 33% overweight (BMI ≥25) and 67% normal weight
(BMI <25) to recruit CG and IG participants with homogeneous
baseline characteristics.

Eligibility Criteria
To work with a homogenous study population and to reduce
the influence of different characteristics of the study population

on study outcomes, the inclusion and exclusion criteria for
participating in the study were chosen as listed in Textbox 2. It
is known that both neural and behavioral processing of stress
is altered in clinical samples with conditions such as depression
[55] or anxiety disorders [56]. To minimize differences between
participants, we excluded individuals with current or past
psychological treatment as assessed in our standardized
telephone screening. To reduce the impact of hormonal
contraceptives in women on stress reactivity (saliva cortisol)
and emotional memory [57], only women taking no hormonal
contraceptives are included in our study. Alcohol abuse was
defined according to the Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition) [58] as a regular or daily
drinking routine.
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Textbox 2. Inclusion and exclusion criteria.

Inclusion criteria

• Age: 18-45 years

• Nonsmokers

• Normal blood pressure (≤140/90 mm Hg)

• Suitable for sports

• Voluntary participation

• No medication

• Physically inactive (<150 minutes/week physically active)

• Time for 8-week intervention

• Signing the consent form

• Gender: male and female

Exclusion criteria

• Age: <18 or >45 years

• Smoker or other tobacco consumption

• High blood pressure

• Not suitable for sports

• Constrained participation

• Long-term medication intake

• Trained (>150 minutes/week physically active)

• Probably no time for intervention

• Rejection by the participant

• Lack of ability to consent or doubts about the ability to consent

• Hairless participants (<1 cm)

• Shift worker

• Clinically significant 12-channel electrocardiogram abnormality determined by the physician

• Alcohol or drug abuse within the past year before screening, positive urine drug test, or positive alcohol test during screening

• Infection with HIV, Hepatitis C virus, or Hepatitis B virus

• Participation in another study

• Other unspecified reasons that, from the investigator's point of view, militate against participation in the study

• Cardiovascular, metabolic, pulmonary, and muscular diseases after the International Classification of Diseases, Tenth Revision, acute or anamnestic

• Psychological disorders diagnosed according to International Classification of Diseases, Tenth Revision or Diagnostic and Statistical Manual
of Mental Disorders (Fourth Edition), acute or anamnestic (last 24 months)

• Female participants taking hormonal contraceptives

Preliminary Investigation (T0/T1 and T2/T3)
The first visit (T0) includes the initial screening of the
participant’s height and weight. A pulmonary function test will
be used to determine vital capacity, forced expiratory volume
in 1 second (Spirometry, Bodybox 5500, Medisoft Group) and,
if applicable, to identify the presence of undiagnosed restrictive
or obstructive respiratory abnormalities [59]. Furthermore, the
cardiological values of resting blood pressure and resting
electrocardiogram (Schiller AT-60) will be measured in a supine
position to ensure proper cardiovascular function. To determine
the long-term cortisol value over 2 months, a 2 cm–long strand

of hair will be cut off at the back of the head directly from the
skin [60]. A bioelectric impedance analysis (In Body 3.0,
Biospace) and blood counts will be conducted during the second
visit (T1) in the morning before the incremental running test
after a minimum of 8 hours of overnight fasting. After the
completion of the control or exercise intervention, the described
parameters will be reassessed during the third or fourth visit
(T2 or T3).

Questionnaires (T0 and T2)
Owing to the multidimensional approach to stress resilience
outlined above, we required a lot of information about the
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participants’ lifestyle as well as psychological and medical
anamnesis with the help of several questionnaires. To minimize
the total experimental time, participants will complete part of
the questionnaires on the web before their arrival at T0. Further
questionnaires will be completed within the resting and recovery
periods during the on-site appointments.

Psychological Questionnaires

Brief Resilience Scale (Only T0)

The Brief Resilience Scale is a 6-item questionnaire that
considers the dimension bounce back from stress on a 5-point
Likert scale. The scale exhibits good psychometric properties
with high internal consistency and retest reliability [61]. The
German version of the Brief Resilience Scale was validated in
2018 [62].

Childhood Trauma Screener (Only T0)

The Childhood Trauma Screener (CTS) is a 5-item brief
instrument for the assessment of childhood abuse and neglect
on a 5-point Likert scale [63]. The CTS is based on the
Childhood Trauma Questionnaire, which includes 28 items on
physical, emotional, and sexual abuse as well as emotional and
physical neglect [64,65]. These questions of the CTS deal with
experiences during childhood and youth. The CTS showed a
high correlation (r=.88; P<.001) with the total Childhood
Trauma Questionnaire score. The internal consistency was .757
(Cronbach α; n=499).

Brief Symptom Index-18

The Brief Symptom Index-18 is an 18-item scale, which is
divided into 3 syndromes—somatization, depression, and
anxiety—with 6 items each on a 5-point Likert scale [66]. The
German version of the Brief Symptom Index-18 was validated
in 2011. It showed a satisfactory-to-high consistency of the
different syndromes (Cronbach α between .63 and .93) [67].

General Depression Scale (Long Version)

The General Depression Scale (German translation: Allgemeine
Depressionsskala [ADS]) is the most common German version
of the Center for Epidemiologic Studies Depression Scale [68].
The first test publication of ADS was in 1993 [69]. The second
edition of the manual with new samples and standard data was
published in 2012 [70]. No changes were made to the items.
Only the critical threshold value of the long version (ADS-L)
for the screening of depression was corrected from >23 to >22
[70]. With its 20 items, the ADS-L considers affective,
cognitive, somatic, and social depression symptoms, among
others. The answers are given on a 4-point scale from 0 (rarely
or not at all [<1 day]) to 3 (mostly all the time [5-7 days]). The
internal consistency (Cronbach α) of the ADS-L in adults in
multiple population samples is between .85 and .92, and the
test-retest reliability (2-8 weeks) is .51-.67.

Cognitive Emotion Regulation Questionnaire

The Cognitive Emotion Regulation Questionnaire covers 9
strategies (self-blame, blaming others, acceptance, refocusing
on planning, positive refocusing, rumination or focus on thought,
positive reappraisal, putting into perspective, and
catastrophizing) and 36 items of cognitive emotion regulation
with a range from 1 ([almost] never) to 5 ([almost] always) [71].

The German version differs in the item number. Here the
questionnaire was shortened to 27 items (3 items per dimension)
[72,73]. A good psychometric quality (factorial validity and
acceptable-to-good reliability [.70<α<.84]) could be shown in
a clinical sample [72].

Emotion Regulation Questionnaire

The Emotion Regulation Questionnaire deals with the most
common preferences of 2 applied strategies for emotion
regulation: suppression (4 items) and reappraisal (6 items) [74].
The German version was first published in 2009 [75]. On a
7-point Likert scale from 1 to 7 (1=not correct at all; 4=neutral;
and 7=completely correct), the participants can choose a number.
Internal consistency (Cronbach α) for reappraisal was .79, and
for suppression, .73 [74]. The test-retest reliability across 3
months was .69 for both strategies [74].

Anxiety Sensitivity Index-3

Anxiety Sensitivity Index-3 is an 18-item scale with 3 factors
(physical, cognitive, and social concerns) on a 5-point Likert
scale [76]. The German version was first published in 2009.
The internal consistency is between .86 and .89 [77].
Satisfactory measurement accuracy and good validity can be
seen in comparison with the English version [77].

Self-compassion Scale (German Version)

The Self-compassion Scale (SCS) contains 26 items with
originally 3 basic components: (1) self-kindness, (2) common
humanity, and (3) mindfulness, which are answered on a 5-level
scale (1=very rarely and 5=very often) [78]. The German version
of the SCS (SCS-D) was first checked for reliability and validity
in 2011 [79]. In comparison with the original, a 6-factorial
structure (self-kindness, self-condemnation, common humanity,
isolation, overidentification, and mindfulness) was found and
as expected, correlates with subjective well-being and
psychological strain. With the German version of the SCS, an
economic, reliable, and valid assessment of self-compassion is
available.

Perceived Stress Scale-10

The Perceived Stress Scale (PSS-14) contains 14 items, which
are answered on a 5-point response scale (0=never and 4=very
often) [80]. On the basis of principal component analysis, a low
factor loading of 4 items was determined and then dropped. The
shortened PSS-10 shows a slightly increased reliability
(Cronbach α=.78 vs Cronbach α=.75) and a similar validity
[81]. The German version of the PSS-10 shows good internal
consistency (Cronbach α=.84) and construct validity between
perceived stress and depression, anxiety, fatigue, procrastination,
and quality of life [82,83]. PSS-10 is an economic, reliable, and
valid assessment tool for assessing perceived stress.

Trier Inventory for the Assessment of Chronic
Stress–Screening Scale for Chronic Stress

The TICS-SSCS (Trier Inventory for the assessment of Chronic
Stress–Screening Scale for Chronic Stress) comprises 12 items
[84]. The TICS-SSCS measures the frequency of self-perceived
overall stress in 5 different stress domains in the past 3 months:
chronic worrying, work-related overload, social overload,
excessive demands, and lack of social recognition. The

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e29712 | p.110https://www.researchprotocols.org/2021/11/e29712
(page number not for citation purposes)

Ochmann et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


frequency of stress in the 5 stress domains is recorded with the
values never (0 points), rarely (1 point), sometimes (2 points),
frequently (3 points), and very frequently (4 points), and in the
end, an average score can be calculated. The internal consistency
for the TICS-SSCS is rated as very good, with Cronbach α=.91
[84,85].

The Stress Reactivity Scale

The 29-item Stress Reactivity Scale measures the duration and
magnitude of an effective response that a person displays in
various stress situations. Each item consists mainly of 2 parts:
(1) a typical stress situation and (2) 3 response items. From this,
the total score can be calculated. A satisfying Cronbach α
between .71 and .82 for the various subscales and good retest
reliability coefficients over 7 months between .63 and .84 could
be shown [86].

General Self-efficacy Scale

The General Self-efficacy Scale is a 10-item psychometric scale
that assesses general optimistic self-conviction [87]. The items
are answered on a 4-level scale (1=not correct; 2=hardly correct;
3=rather correct; and 4=exactly correct). At the end, all points
are summed up, and the result is a score between 10 and 40.
The internal consistency of Cronbach α is between .75 and .91.
Confirmatory factor analysis could confirm the single-factor
structure of the scale. The scale shows a good retest reliability
of .67 [88].

Multidimensional Mood State Questionnaire

To assess psychological responses to acute laboratory stress
induction, we will use the Multidimensional Mood State
Questionnaire (German translation: Mehrdimensionaler
Befindlichkeitsfragebogen [MDBF]) [89]. The MDBF consists
of 24 adjectives that reflect positive or negative emotional states.
Participants’ ratings on a 5-point Likert scale could be summed
up to a total score of subjective well-being, where higher scores
reflect a more positive emotional state. Sufficient reliability
(Cronbach α=.80-.92) and validity of the MDBF have been
confirmed in several studies [90-92]. As in previous studies by
our group [50,93], we will use the MDBF at multiple time points
before and after the stress tasks at T0 and T2 to assess variations
in psychological well-being in response to stress (–2 minutes,
+15 minutes, and +60 minutes relative to stress onset).

Sports Medicine Questionnaires

Habitual Physical Activity Questionnaire

The Habitual Physical Activity Questionnaire is divided into 3
indices evaluating (1) occupational physical activity, (2) sports,
and (3) leisure time, and it originally included 16 items [94].
The German version of the Habitual Physical Activity
Questionnaire was compared with the original version in 2001
and was reduced by 2 items after item-analytical analysis [95].
The test-retest reliability of the indices of physical activity over
3 months is .80 and .90 for (1) and (2) and .74 for (3) [94].

International Physical Activity Questionnaire (Long Version)

The long version of the International Physical Activity
Questionnaire contains 27 items and collects physical activity
values in different domains (occupational, transport, yard or
garden, household, leisure, and sitting) and different intensities

(moderate and vigorous) within the past 7 days [96]. The
German long version was validated on German adolescents
[97]. It is an acceptable, valid, and reliable questionnaire for
assessing physical activity in many countries [96].

Short-Form Health Survey

The 36-item Short-Form Health Survey is a cross-disease
assessment instrument for measuring the health-related quality
of life of the general population and patients [98]. It consists of
8 dimensions of subjective health: physical functioning (10
questions), social functioning (2 questions), role limitations
(physical problems, 4 questions; emotional problems, 3
questions), general mental health (psychological distress and
well-being; 5 questions), vitality (energy and fatigue; 4
questions), bodily pain (2 questions), and general health
perception (5 questions). In addition to the 8 dimensions, one
question is used to request health changes [99]. These
dimensions can be assigned to the functional status and
well-being of the basic dimensions. The version of the
Short-Form Health Survey-36 used here refers to the past 4
weeks. Except for social functioning (Cronbach α=.73), the 7
other dimensions showed acceptable internal consistency, with
a Cronbach α≥.85. The test-retest reliability is excellent within
2 weeks [99].

Physical Activity Readiness Questionnaire

The Physical Activity Readiness Questionnaire is an
internationally renowned preparticipation screening tool that
was based on expert opinion (British Columbia Ministry of
Health and the Multidisciplinary Board on Exercise) [100]. It
intends to find whether the test participant should see a physician
before beginning physical activity or a sport. Here,
cardiovascular, balance, medical, emotional, and joint issues,
which could hinder physical activity or sports activity, should
be excluded. All questions should be answered with no. This
questionnaire is used as an exclusion criterion in this study and
is used in the telephone survey. If a question is answered with
yes, the person is not included in the study.

Psychological Stress Tests (T0 and T2)

Stress Induction Paradigms
As the study design aims to investigate acute stress effects at
several time points (T0 and T2) by focusing on the change in
saliva cortisol levels as a primary end point, 2 alternative
paradigms for stress induction are required, which are described
below. Thus, habituation and expectation effects can be reduced
based on the first stress induction paradigm. These psychological
stress tests will be conducted between 1:30 PM and 4 PM to
control the circadian cortisol level. To eliminate possible
contaminations of saliva, participants will be instructed to refrain
from eating or drinking for 1 hour before the stress tests. In
addition, participants will watch a relaxing movie for
approximately 20 minutes to minimize baseline differences in
cortisol concentrations.

Socially Evaluated Cold Pressure Test (T0)
Stress induction at T0 will be performed by means of the SECPT
[49]. The participant will be asked to immerse their nondominant
hand in a pool of cold water (0-4 °C) and to keep it there if
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possible. During this time, the participant will be observed by
an experimenter, who will keep a neutral facial expression while
taking notes on a clipboard. To further enhance the social
evaluation, the face of the participant will be recorded with a
mock camera. The participants will be encouraged to keep their
hands immersed for a maximum of 3 minutes.

Psychosocial Stress Task for Scanner Environments
(T2)
Stress induction at T2 will be performed using the compact
version of the psychosocial stress task for scanner environments
(ScanSTRESS) paradigm [50,52]. First, the participants will go
through a control phase and then a stress phase (6 minutes each).
During the stress phase, 2 types of cognitively challenging tasks
will be processed with computer assistance (Neurobs
Presentation software, Neurobehavioral Systems): mental
rotation and arithmetic subtraction tasks. A preprogrammed
algorithm adapts the task difficulty and speed to the participant´s
performance, thus creating time pressure and forcing errors.
The social-evaluative component is a jury (consisting of 2 test
supervisors in white lab coats) that is transmitted via a live video
stream to the screen of the participant during the task processing
and thus continuously providing negative disapproving feedback.
In case of too slow processing, as well as in the case of an
erroneous answer, the jury can also project negative written
feedback onto the respondent's screen via a buzzer (“Work
faster!” and “Error!”). To further increase the stress level, the
stress phase will be interrupted halfway through for verbal
feedback. Here, the participant will be reminded that the data
can only be used if maximum performance is achieved.
Accordingly, the highest possible concentration is requested.
During the control phase, the participants will only perform
simple assignment tasks without time pressure and negative
feedback.

Saliva Cortisol
To validate the effectiveness of the stress tests performed, 6
saliva samples will be collected throughout the experiment to
detect the stress hormone cortisol. Commercially available
Salivettes (Sarstedt) will be used for this purpose. All saliva
samples will be stored at –20 °C and sent to the Institute of
Biopsychology at the Technical University Dresden, Germany,
for analysis. Salivary concentrations will be measured using
commercially available chemiluminescence immunoassays with
high sensitivity (IBL International).

Emotion Induction and Regulation (T0 and T2)
To detect differences in the ability to regulate emotions, 2
different tests will be used in parallel to the stress tests.

Cognitive Emotion Regulation Task (T0)
The Cognitive Emotion Regulation Task (CERT) [101,102]
comprises 3 task conditions and 2 image categories. In the first
task condition, the participants are instructed to merely watch
the presented stimuli and react naturally to them (view
condition). In the second task condition, the participants are
asked to cognitively modify the content of the presented image
by assigning it a positive content (cognitive reappraisal) and
thereby regulating their emotions. In the third task condition,
participants are asked to indicate as fast as possible if the given

mathematical equation is correct or incorrect via a button press
(distraction). For this purpose, the participants are presented
with both negative (first image category) and neutral images
(second image category). The images are taken from the
internationally standardized and evaluated databases
International Affective Picture System) [103] and Emotional
Picture Set [104]. After 1000 ms of stimulus presentation, the
task instructions are presented for 1000 ms (transparent overlay).
The image stimulus is then on display for another 5000 ms,
followed by a 4000-ms rating phase where participants indicate
their current affective state using the Self-Assessment Manikin
scale for valence [105]. The interstimulus interval is 3000-5025
ms. In our study, the CERT comprises 75 trials of approximately
14.5 seconds each, 15 trials each for the following conditions:
view_negative, view_neutral, distract_negative, distract_neutral,
and reappraise_negative. In total, the CERT lasts approximately
19 minutes.

Script-Based Reappraisal Test (T2)
The Script-Based Reappraisal Test [106] is a computer-based
behavioral experiment that assesses an individual’s ability to
regulate emotions. In this experiment, text-based scripts will
be presented that describe everyday situations and induce
negative emotions (anger toward others, anger toward oneself,
and fear). In this experiment, participants will work through
several passages in which a script is first presented (20 seconds).
Subsequently, participants will be instructed, depending on the
passage, to reduce the emerging negative emotions within 1
minute by cognitive reassessment (reassessment passages) or
to allow them to arise (control passages). At the end of each
session, the participants will use Self-Assessment Manikin scales
[105] to indicate their affective state in terms of valence and
arousal (6 seconds) and type in their revaluation thoughts or
negative thoughts (90 seconds). The Script-Based Reappraisal
Test contains 12 revaluation sessions and 12 control sessions.
At the beginning of the experiment, 2 sample runs will be
performed, and the participants' questions on understanding will
be answered.

Peak Oxygen Uptake Determination (T1 and T3)
To determine the individual VO2peak as the primary end point
and the training areas, participants will complete a stepwise
incremental running test on a treadmill (Saturn, HP-Cosmos)
until subjective exhaustion is reached or general indications for
stopping an exercise test according to the American College of
Sports Medicine guidelines are fulfilled [59]. Maximal oxygen
uptake is reached if a plateau of VO2 is observed within the
final 2 work rates of the stepwise incremental running test [59].
Here, we have untrained participants who may not be able to
reach a plateau in VO2 uptake. Therefore, we will use VO2peak
and take the highest value of VO2. To avoid outliers, there
should be no high variance around this VO2 value within the 4
previously taken breaths. The exercise test includes a starting
velocity of 4 km/hour, a duration of each step of 3 minutes, a
pause time between 30 seconds and 60 seconds, and an increase
in velocity by 1.5 km/hour from step to step. To determine the
lactate threshold, 20 µL of whole blood will be collected from
the fingertip with an end-to-end capillary (Sodium-Heparin,
EKF-Diagnostics GmbH) at rest and between the stages. Heart
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rate (electrocardiogram), as well as oxygen uptake and carbon
dioxide release (spiroergometry), will be continuously recorded.
The latter will be used to estimate VO2peak for IG and CG at
T1 and T3. VO2peak at T1 will be considered as innate aerobic
capacity, and VO2peak of the IG at T3 will be considered as
acquired aerobic capacity. Absolute and relative
contraindications will be defined according to the American
College of Sports Medicine guidelines [59].

Infrared Thermography (T1 and T3)
Infrared thermography is a noninvasive, contact-free,
nonradiating tool used to measure surface radiation temperature
and patterns [107]. In this study, a high-resolution infrared
camera (Jenoptik VarioCam; 480×640 pixels; focal plane array;
spectral range 7.5-14 micrometers; accuracy ± 0.05 K; and set
emissivity: 0.98) will be applied for the measurement of mean
surface radiation temperature (Tsr [°C]) of the calves (CTsr). The
infrared camera will be placed on a tripod behind the participant
at the height of 85 cm. The distance between the camera and
participant will be 2.30 m. The focus will be set perpendicular
to the backside of the calves to capture the area from the
popliteal space to the ankle. To stabilize the running position
on the treadmill, a horizontal barrier made of elastic-plastic will
be fixed behind the participant, and the foot position will be
marked on the treadmill with adhesive tape. The infrared camera
temperature scale will be set from 25 °C to 35 °C. An
acclimatization period of 10 minutes will be implemented before
the exercise test. The participants will only be allowed to wear
ankle socks and shorts; should sleep and fast for 8 hours; should
drink not more than 1.5 L of water; should be physically
inactive; and should avoid cosmetics, showering, and sunbathing
for at least 8 hours before the test.

We will perform 3 steps for thermogram analysis: (1)
thermogram selection, (2) thermogram processing, and (3)
analysis of the region of interest. We will process the image by
coloring everything in black, except for the relevant area in the
thermogram. This analysis procedure is in line with that of
Ludwig et al [108]. The final regions of interests analysis will
be performed with the software Analysis of thermal
images–TDM V2.0 (Optoprecision GmbH). The report of the
entire infrared thermography procedure is in accordance with
that of Moreira et al [109].

Measurements of Blood Parameters (T1 and T3)
Before, immediately after, and 30 minutes and 60 minutes after
the exercise testing, the median cubital vein will be punctured
for venous blood sampling. In total, 100 mL of whole blood
will be taken and further processed for the preparation of blood
serum and plasma aliquots, depending on the subsequent

analysis. Blood counts and physiological parameters will be
assessed from the venous plasma or serum, respectively, at the
defined time points. The following parameters will be included:
creatine kinase, lactate dehydrogenase, hydroxybutyrate
dehydrogenase, calcium, cholesterol, triglycerides, high-density
lipoprotein-associated cholesterol, low-density
lipoprotein-associated cholesterol, total leukocytes, erythrocytes,
hemoglobin, hematocrit, mean corpuscular volume, mean
corpuscular hemoglobin, platelets, neutrophils, eosinophils,
basophils, monocytes, lymphocytes, and total protein. Blood
plasma samples for molecular marker analysis will be aliquoted
and stored at –80 °C before further processing. Venous blood
will be used to determine and analyze venous cell-free DNA
(concentration using quantitative real-time polymerase chain
reaction [110,111]); non–disease-specific epigenetic patterns
and sequence analysis using targeted next-generation sequencing
[112]; endocannabinoids, catecholamines, and inflammatory
lipids using mass spectrometry [113,114]; and further circulating
signal transducers (extracellular vesicles and cytokines using
multiplexed assays [115-117]). In parallel with venous blood
sampling and additionally at each increment of the exercise test,
capillary blood samples will be taken from the fingertip to
determine capillary cell-free DNA concentrations.

Lactate Threshold and Determination of the Training
Ranges (T1 and T3)
On the basis of lactate kinetics during the incremental stepwise
running tests, the individual anaerobic threshold (IAT) will be
used to determine the intensity ranges (regeneration, light,
moderate, and vigorous) for the training sessions. The IAT will
be determined by means of minimum lactate equivalent +1.5
mmol/L [118,119]. Here, we will define 4 training intensities
(regeneration: 50%-70%, light: 70%-85%, moderate:
85%-100%, and vigorous: 100%-110%), which are relatively
related to the velocity at IAT (100%).

Training Intervention
After the baseline examination (T0 and T1), an 8-week sports
intervention will be carried out for the IG. The CG will not
participate in any training interventions during this period. The
training contents are interval- and continuous
endurance–oriented. The external load can be individually
controlled and adjusted with the help of the IAT and the related
relative training intensities. The intervention is divided into 3
mesocycles and 8 microcycles (=1 week): adaptation (2 weeks),
frequency (3 weeks), and intensity (3 weeks; Figure 3). One
box (Training details) corresponds to a fixed training week from
Monday to Sunday. 5 minutes warm up and 5 minutes cool
down should be included in every training session. The numbers
1x and 2x are the weekly frequencies of the training session.
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Figure 3. Ideal progression of training load from eight stages over the 8-week sport intervention period. Rep: repetitions.

Here, a comprehensible protocol is used to adjust the training
load using the principle of periodizing and cyclizing (frequency,
intensity, time, type, volume, pattern, and progression; Figure
4) [43,45,59]. The gradual progression of the training load is
based on weekly feedback of the participant via the Foster scale
(0-10) [120]. The value for ailments has a higher priority than

the load value. An optimal training load increase over 8 weeks
of the training intervention is shown in Figure 3. After 8 weeks,
each participant in the IG can end the training intervention on
another stage based on the weekly feedback. In addition to the
exercise training, the participants can conduct relaxation
exercises in the form of stretching and mobilization exercises.

Figure 4. Individual training adjustment using the modified Borg scale [120] and the FITT-VP principle [43,45,59]. FITT-VP: Frequency, Intensity,
Time, Type, Volume, Pattern, and Progression.

IG and CG participants will receive a smartwatch (M430, Polar
Electro Oy) to record training times and monitor daily activities
(eg, step count and sitting time). In addition, smartwatch data
will be used to control for additional physical activity apart
from the training intervention in the IG and physical activity,
in general, in the CG. Furthermore, it will be used as a
mechanism to control for the effect on primary outcomes by
only receiving an intervention. The heart rate and distance of
the training session will be recorded by the IG using the M430,
which enables comparison of the data reported via the weekly
feedback with smartwatch-recorded data. In the CG, the

smartwatch is only used to record daily activity. To improve
adherence of all participants, 15 smartwatches will be raffled
among all participants who have completed the study.

Web-Based Supervision
The training intervention described above will be accompanied
and remotely supervised with the help of a web-based physical
exercise training support via a website (Figure 5) [121]. In a
personal appointment after the incremental stepwise running
test, the participants in the IG will be introduced to the website
and will receive comprehensive information about the training.
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External access to the website is not possible as only study
participants can register. Both the introduction and the remote
training supervision will be done by 1 person, which enables
the coach to supervise several participants in their training
process without any time constraints. Although there is no
face-to-face supervision, based on the objective training session
heart rate data and GPS data as well as the subjective feedback,
adequate supervision can be guaranteed remotely. Participants
have the possibility to get in direct contact with the coach via
a message function, for example, in case of problems or
uncertainties. The weekly training schedule is also transmitted

in this manner. If a participant misses the feedback, a reminder
is sent via email at the beginning of the following week. In a
table that participants can download from the website, they will
enter various medical and sports values that are therapeutically
relevant after each training session. These data will be used for
evaluation and for the training adjustment of the following week,
as described in Figure 4. A follow-up is planned at 12 weeks
(T4) and 24 weeks (T5) after completion of T3, and participants
will be asked via email to complete the web-based
questionnaires used at T2.

Figure 5. The home screen of the used website [121].

Data Management and Security
All data will be recorded and stored in the Department of Sports
Medicine, Prevention, and Rehabilitation (Mainz, Germany),
and access will be restricted to authorized personnel.
Confidential information will be stored safely in the trial files
and will not be shared with any other third institution or entity
except in response to a legal requirement. Electronic data will
be stored on password-protected computers in a restricted-access
building. All data will be pseudonymized and submitted to the
evaluation team for analysis. A data manager from each
department is nominated, who will be responsible for data
management and processing. The data and safety management
team will be formed by the members of the project. Only the
data manager will have access to all personal data. Trial
documentation and data will be archived for 10 years after
completion of the trial. All dropouts and the reason for dropping
out of the study will be reported. Any harm or unintended events
during the examinations will be recorded and reported to the
Landesärztekammer (State Medical Association)
Rhineland-Palatinate. The results will be publicly available in

open-access journals and presented via contributions at
conferences and congresses according to good scientific practice.

Statistical Methods
The power calculation was based on the analyses of the primary
outcomes, that is, aerobic capacity (VO2peak) and experimental
stress reactivity (saliva cortisol). On the basis of the results of
Bacon et al [122], the sample size was determined a priori via
power analysis (G*Power V5), yielding a minimum sample size
of 67 for a medium-to-large effect size of f(V)=0.35. An alpha
error set to .05 and statistical power of 0.80 were assumed for
a multivariate analysis of variance (MANOVA) with 2 repeated
measurements, 2 groups, and interaction effects. Descriptive
statistics will be used for all outcome measures at each time
point to give an overview of all results. First, MANOVA will
be performed with the main primary outcomes as dependent
variables, that is, aerobic capacity (VO2peak) and experimental
stress reactivity (saliva cortisol) to maximize the power of the
analyses and to be able to investigate the main and interaction
effects of time (baseline [T0, T1] vs post [T2, T3]) and group
(IG vs CG). Groups should be equal at preintervention (T0 and
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T1). A time effect should be observed for the IG. Furthermore,
we expect a significant time×group interaction as the IG should
react differently over time, with a higher increase in aerobic
capacity (VO2peak). Significant effects of the MANOVA will
be followed up by posthoc analyses of variance. As a secondary
aim of our study, we aim to identify variables (eg, emotion
regulation and biological metrics) that mediate the relationship
between physical exercise and resilience outcomes. To that end,
we plan to calculate multiple regression analyses that include
potential mediators. Principal component analyses regarding
potential mediating variables will precede the mediator analyses
to avoid redundancy in our regression models. This will be
statistically detailed with posthoc tests and corrections for
multiple comparisons (Bonferroni-Holm correction [123]).
Missing data will be omitted from the data set.

Results

The study was registered in October 2019 (DRKS00018078).
Enrollment began in September 2019 and was paused from
April 2020 until submission of this study protocol because of
the COVID-19 pandemic. Of the 161 interested people who
have contacted us so far, 26.7% (43/161) fulfilled the inclusion
criteria. Among the 55% (17/31) participants in the IG and 45%
(14/31) participants in the CG, who completed the study (N=31),
no serious adverse incidents were reported. Within the program,
9% (4/43) of participants (2/17, 12% in the IG and 2/14, 14%
in the CG) withdrew because of individual reasons (dropout
rate 11.4%). Approximately 19% (8/43) have not yet participated
in the program because of the COVID-19 pandemic. Although
the COVID-19 pandemic does not affect the web-based exercise
training approach, the study had to be paused in April 2020, as
it was not possible to determine the primary and secondary end
points (VO2peak and cortisol levels) because of the lockdown
of the laboratory facilities. Further study recruitment will resume
when COVID-19 restrictions are completely lifted. On the basis
of the experiences from the first recruitment period, the study
is expected to continue for another 6 months to complete the
intended sample size.

Discussion

Benefits of the Study
Evidence that exercise can lead to various benefits in mental
health and resilience is increasing [16,124-129]. This positive
impact was achieved in supervised as well as unsupervised
exercise programs. Here, we implement a study design that
addresses the link between aerobic capacity and resilience from
a multifactorial perspective to understand why some people are
more resilient to stress than others. To follow this question, we
will investigate the association between innate and trained
aerobic capacities in the form of VO2peak of healthy, physically
inactive adults and their resilience expressed primarily by
salivary cortisol level changes and emotion regulation ability
in response to different stress paradigms. We hypothesize that
(1) participants with a high innate aerobic capacity will show
a higher resilience to stress compared with participants with
low aerobic capacity. Furthermore, we hypothesize that (2) 8
weeks of individually structured interval-type and continuous

endurance exercise training remotely supervised by a web-based
approach will improve the aerobic capacity of healthy inactive
adults and that (3) the change from sedentary to an active
lifestyle will improve resilience. In this study setting, we will
be able to exploratively examine the molecular link between
the effects of acute and chronic physical exercise and improved
resilience to stress.

Strengths and Limitations
The strengths of our web-based, supervised physical exercise
training approach with a focus on increasing VO2peak in
healthy, physically inactive adults are as follows: (1) participants
are not location dependent for the training sessions; (2)
individualized, gradual, and timely adjustment of training
content based on the individual’s feedback reduces the risk of
injury, avoids overtraining, and avoids ineffective training; and
(3) only 1 sports therapist or trainer is needed for training
management of several training groups or trainees, which
obviously has economic advantages and reduces bias from
different sports therapists. However, web-based training support
also has disadvantages compared with presence (face-to-face)
interventions. Notably, it requires access to the internet, which
limits the study population. Furthermore, we are dependent on
the correct and complete documentation of the training sessions
by the participants. For an objective way to control reports on
the training and to remotely supervise the participants in the
IG, we included a smartwatch (Polar M430) that records the
heart rate and distance of the individual training sessions. These
are given to both the IG and CG participants to exclude an effect
on the study outcome only by wearing the smartwatch.
Furthermore, group or partner training can bring motivational
and social benefits [130-132], which is not directly provided in
our web-based physical exercise training support. This may
reduce adherence of the participants to the study and,
additionally, exclude the social aspect of the effect of an active
lifestyle on resilience. Therefore, communication via the
web-based platform is intended to be frequent and without any
restraints toward the trainer. Finally, inexperience, fear, and the
risk of injury can occur during an unaccustomed and intensive
training load, which could be reduced or not arise at all through
presence support. To counteract this, we have implemented a
2-week adaptation phase in our training intervention that will
offer an easy training start and reduce the indicated risks. In
addition, we address the individual needs of the participants
based on their weekly feedback, so overload is unlikely to occur
during the intervention. Adhering to the described improvements
in web-based physical exercise interventions will offer the most
individual and effective training support with a simultaneously
reduced workload for the coach. With this, our research group
has already successfully conducted similar studies using the
internet for training interventions in patients with Barrett
carcinoma, nonalcoholic fatty liver disease, depression, cystic
fibrosis, and systemic lupus erythematosus [40-45].

Here, we selected an exercise intervention period of 8 weeks
using a combination of interval-type training and continuous
endurance exercise to efficiently enhance aerobic capacity in a
short period. Interval training improves VO2peak more strongly
in comparison with continuous exercise training [8]. Moreover,
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psychological benefits in attention, complex attention, and
executive function were shown in high-intensity interval training
compared with those in low-intensity training [133-135].
However, to counteract overtraining and risk of injury and to
promote adherence, we complement interval-type training with
endurance exercise sessions. A number of high-intensity interval
training and moderate-intensity intervention studies with
physically inactive participants decided for a comparable
exercise intervention time leading to significant increases in
VO2peak of 3%-19% [9-11]. Although a longer intervention
period generally leads to higher increases in maximal oxygen
uptake [122], it has been reported that enjoyment of interval
training decreases with time [10]. Therefore, we considered a
study design that used mixed model exercise sessions with a
short intervention time of 8 weeks as efficient to enhance aerobic
capacity in physically inactive adults and as suitable to analyze
the impact on resilience.

Repeated stress induction and the estimation of resilience factors
in a test-retest setting, as chosen in our study, are obstacles to
resilience research. It was shown that for psychological stress
tests, a test-retest design could lead to a learning effect, resulting
in lower stress response [136,137]. Here, we use 2 different
stress tests for T0 and T2 to reduce habituation to the applied
stressor. By randomly assigning participants to the 2 groups,
we intend to obtain the best estimate of the intervention effect
on stress responses. However, differences in stress parameters
at T2 might not exclusively be attributed to the intervention, as
possible placebo effects (ie, simply receiving an intervention)
or mediators may need to be considered. Previous studies
analyzed similar between-subject comparisons, with less stress
reactivity during the Trier Social Stress Test in trained men
compared with untrained men [138]. In addition, we account
for preintervention differences in stress reactivity and recovery
by applying the SECPT at T0. However, as measures from both
stress tests are not directly comparable, the experimental design
does not permit within-subject analyses. To assess differences
in individual changes within the IG, future studies may construct
and apply parallel versions of a stress test pre and
postintervention.

Several psychological interventions have been similarly used
to increase resilience [139], and it might have been interesting
to have a sport exercise group; a psychological exercise group
that uses a psychoeducational element, such as cognitive
restructuring; a mixed model group (sport and psychological);
and a CG to obtain the influence of different types of

interventions and their combinations on resilience to stress
exposure. In our study, we focus on the physiological aspects
of increasing VO2peak and its effect on resilience only.
However, the identified relationships between molecular markers
and exercise-induced resilience parameters in our setting may
be further elucidated in mixed model interventions in follow-up
studies.

We cannot exclude a selection bias so that persons who are
generally interested in (1) psychological questions, (2) physical
exercise, or (3) web-based services are rather addressed by the
study announcement. Furthermore, because of a high time
commitment for presence tests (2 measurement time points
before and after the intervention), (4) people who live close to
the survey site are more likely to participate and complete the
study. On the basis of the World Health Organization guidelines
on physical activity and sedentary behavior, we included
individuals who were physically active for <150 minutes/week
[140]. These individuals are described as insufficiently active,
although this definition is very strict. Possibly, a cutoff point
of physical activity <90 minutes/week would obtain a greater
effect on the primary outcomes. Here, we decided in favor of
the adherence to the study considering the training times that
had to be completed.

Resilience is a dynamic and variable state that can be
represented in a multifactorial manner. So far, individual
instruments have failed to fully capture the variance of resilience
[17,141,142]. For this reason, our study uses a wide variety of
methods (physiological [blood markers, saliva markers, and
hair] and psychological [questionnaires, stress tests, and emotion
regulation]) to have a large number of independent predictors
to clarify the variance in resilience to the greatest degree of
accuracy. Owing to the high number of methods and the
collected variables, spurious correlations or pseudoassociations
may occur [143], especially when exploratory analysis is
performed beyond hypothesis testing. The validity of these
findings may be estimated in future studies.

Conclusions
This study will allow us to investigate whether an increase in
physical activity with a simultaneous improvement in aerobic
capacity is associated with an increase in resilience and whether
this effect is reflected in circulating molecular marker levels.
These findings will help to reveal novel characteristics of human
resilience and may offer novel approaches for the prevention
and therapy of mental disorders by exercise prescription.
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Abstract

Background: HIV testing uptake remains low among men in sub-Saharan Africa. HIV self-testing (HIVST) at the workplace
is a novel approach to increase the availability of, and access to, testing among men. However, both access and linkage to posttest
services remain a challenge.

Objective: The aim of this protocol is to describe a cluster randomized trial (CRT)—Workplace-Based HIV Self-testing Among
Men (WISe-Men)—to evaluate the effect of HIVST in workplace settings on the uptake of HIV testing services (HTS) and linkage
to treatment and prevention services among men employed in private security services in Uganda.

Methods: This is a two-arm CRT involving men employed in private security services in two Ugandan districts. The participants
in the intervention clusters will undergo workplace-based HIVST using OraQuick test kits. Those in the control clusters will
receive routine HTS at their work premises. In addition to HTS, participants in both the intervention and control arms will undergo
other tests and assessments, which include blood pressure assessment, blood glucose and BMI measurement, and rapid diagnostic
testing for syphilis. The primary outcome is the uptake of HIV testing. The secondary outcomes include HIV status reporting,
linkage into HIV care and confirmatory testing following HIVST, initiation of antiretroviral therapy following a confirmatory
HIV test, the uptake of voluntary medical male circumcision, consistent condom use, and the uptake of pre-exposure prophylaxis
by the most at-risk populations.

Results: Participant enrollment commenced in February 2020, and the trial is still recruiting study participants. Follow-up for
currently enrolled participants is ongoing. Data collection and analysis is expected to be completed in December 2021.

Conclusions: The WISe-Men trial will provide information regarding whether self-testing at worksites increases the uptake of
HIV testing as well as the linkage to care and prevention services at male-dominated workplaces in Uganda. Additionally, the
findings will help us propose strategies for improving men’s engagement in HTS and ways to improve linkage to further care
following a reactive or nonreactive HIVST result.

Trial Registration: ClinicalTrials.gov NCT04164433; https://clinicaltrials.gov/ct2/show/NCT04164433
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Introduction

Background
Global estimates report that 81% of people living with HIV
(PLHIV) knew their HIV status at the end of 2019, and 67%
were on antiretroviral therapy (ART) [1]. Over the past several
years, there has been a significant decrease in new HIV
infections and an increase in the proportion of people accessing
ART, with a consequent decline in AIDS-related deaths [2].
The decline in HIV/AIDS-related deaths is attributable, at least
in part, to early initiation of HIV care and improved adherence
to ART [2]. While numerous efforts and advances in the fight
to end the HIV/AIDS epidemic have resulted in substantial
gains, the HIV prevalence of 6.3% in Uganda is still quite high
[3]. In 2019, there were approximately 1.4 million PLHIV, and
approximately 23,000 died of AIDS-related illnesses in Uganda
[4].

The failure to reach greater numbers of men with HIV testing
and treatment appears to be driving ongoing cycles of HIV
transmission in different settings [5]. Not surprisingly, in
Uganda, more women (86%) than men (78%) know their HIV
status [6]. This may be partly because, unlike women who attend
regular maternity and reproductive health services, men do not
have similar touch points within the health care system [7].
Furthermore, there are overlooked gender norms and societal
beliefs around masculinity and health testing behaviors [8,9] as
well as increasing homophobia and transphobia at health
facilities [10,11]. When men living with HIV are not diagnosed
in a timely fashion, do not start treatment, or fail to remain on
treatment, it endangers not only their own health but also the
well-being of their families and communities [12]. The current
level of new infections in Uganda is still remarkably high, with
an estimated 53,000 newly infected people in 2019 [4]. This
may be an indication that the country will continue to register
high numbers of people with HIV unless innovative measures
are put in place to reach and test hard-to-reach populations such
as men and youths [13]. Recognizing the importance of closing
this gap, various efforts are being directed at developing
innovative strategies to increase men’s engagement in HIV
prevention and care.

The Joint United Nations Programme on HIV/AIDS (UNAIDS)
campaign “Blind spot: Reaching out to men and boys”
encourages HIV programs to design campaigns that promote
men’s engagement in HIV services [12]. In line with HIV
testing, men in different parts of Uganda have expressed concern
with getting tested at a health facility because of the long queues,
poor attitudes of health workers, fear of being labeled an HIV
“victim,” and stigma [14,15]. Additionally, some men have
declined an HIV test for fear of imminent death following a
positive result, fear that a positive result would stop them from
acquiring new sexual partners, fear of a divorce, and a lack of

confidentiality for the test results [16-18]. In that regard, the
Uganda National HIV Testing Services Policy and
Implementation Guidelines [19] proposed that men be targeted
at their workplaces, because that is where they spend most of
their time. The goal of workplace HIV testing services (HTS)
is to increase access to HIV testing by men and women. This
approach has demonstrated success in increasing the uptake of
HTS at several male-dominated worksites [6].

We propose the use of HIV self-testing (HIVST) to increase
the uptake of HTS at the workplace. HIVST overcomes some
of the barriers for standard HTS, such as stigma, long lines at
health facilities, lack of time to take a test, and the perceived
lack of confidentiality of test results [20,21]. During HIVST,
an individual collects his or her own oral fluids or blood,
performs the test either in private or with someone he or she
trusts, and then interprets the results [22]. According to the
World Health Organization (WHO), several studies have
demonstrated the feasibility and acceptability of HIVST in
diverse populations, including men [23]. In a study conducted
in South Africa, Van Dyk observed that participants who
preferred HIVST were predominantly men [24]. In Malawi,
Zambia, and Zimbabwe, Hatzold and colleagues used several
HIVST distribution models among men, young people, and
index HIV testers [25]. Current trends indicate that HIVST is
gaining traction, and many countries have developed policies
and guidelines for large-scale implementation [26]. Therefore,
this study aims to assess the effectiveness of HIVST in
increasing the uptake of HIV testing among wen in work settings
in Uganda. However, even as evidence of the high feasibility,
acceptability, and accuracy of HIVST continues to accumulate
across many delivery models, there is a need for randomized
trials to evaluate the outcomes and cost-effectiveness of different
HIVST delivery models. More importantly, trials that focus on
the linkage to HIV prevention and treatment remain a necessity.

Objective
We present the protocol for the Workplace-Based HIV
Self-testing Among Men (WISe-Men) study, which is a cluster
randomized trial (CRT) to assess the effectiveness of
workplace-based HIVST in Uganda. The aim of this trial is to
evaluate the effect of HIVST in work settings on the uptake of
HTS and linkage to further HIV services among men employed
in private security services in Uganda.

Hypothesis
We hypothesize that workplace-based HIVST will increase the
proportion of men who take an HIV test, the proportion of men
who initiate ART following a positive result, and the proportion
of men who are linked to prevention services following a
negative result.
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Methods

Conceptual Model
This trial is guided by the information-motivation-behavioral
skills (IMB) model [27]. The model suggests that health-related
sensitization, incentives, and behavioral skills are key

determinants for health behaviors. It asserts that if individuals
are well informed, receive the appropriate motivation, and have
the right behavioral skills, they are more likely to initiate and
sustain behaviors that lead to positive health outcomes [28,29].
We use a modified version of the IMB model proposed by a
study for HIV testing in the emergency department [28,30]
(Figure 1).

Figure 1. Conceptual model adapted from the information-motivation-behavioral skills model. HIVST: HIV self-testing; HTS: HIV testing services;
PrEP: pre-exposure prophylaxis; VMMC: voluntary medical male circumcision.

Study Setting
This study will be conducted in two Ugandan districts, namely
Kampala, the capital city, which houses headquarters for most
companies offering security services in Uganda, and Hoima, an
oil and natural gas base that has several security companies.
Additionally, the social and relational dynamics created by the
work demands of men working in private security services have
an influence on their vulnerability to HIV risk. Many of the
workers migrate from their homes to work in cities, which places
them at high risk of HIV, especially if they remain away from
home and/or away from their regular partners for long periods
[31].

Study Participants
Permission will be sought from the management of each
company to allow the research team to meet with the employees
at the company premises. The team will meet the employees
during the morning meeting to introduce the study and provide
information leaflets. The team will then return on another
agreed-upon day to enroll participants, collect baseline data,
and carry out the workplace HIV testing. On each data collection
day, all eligible employees will receive an equal opportunity to
participate in the study activities. Initially, the men will receive
study information as a group, followed by one-on-one eligibility
assessment and subsequent recruitment.

Study Design
This is a two-arm CRT involving men employed in private
security companies. Clusters were private security companies
employing 50 or more men in two districts in Uganda. This

CRT was informed partly by findings from a previous
exploratory qualitative study exploring the perceptions and
preferences of employers and employees in private security
companies regarding workplace-based HIVST and linkage to
further services [32]. The study proposed several strategies to
optimize linkage to posttest services following workplace-based
HIV testing. These strategies included the use of referral and
linkage documentation, paid time off from employers to attend
health facilities, assurance of the confidentiality of the test
results, peer support from PLHIV, health education and
sensitization, expanded clinic hours, the reduction of stigma,
and the mitigation of any potential harm. Furthermore, both the
employers and employees in the security companies proposed
the inclusion of further assessments in addition to HIV testing.
This approach would allow them to understand their health
status and reduce the stigma associated with taking an HIV test
more fully. The additional health assessments include measuring
blood pressure and blood glucose, assessing BMI, and screening
for syphilis. Participation will be discontinued in response to
harm or participant request.

Site Selection and Allocation
Through randomization, Kampala District was allocated to the
intervention arm and Hoima District was allocated to the control
arm. The clusters in the intervention arm will receive HIVST
while those in the control arm will receive standard HTS.

Eligibility Criteria
Eligible private security companies, each employing at least 50
male personnel, were identified and listed per district. The
eligibility criteria for participants are as follows [33]:
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• Men 18 to 60 years old
• Employed more than 6 months within the security industry
• Men who have either never taken an HIV test or who tested

negative for HIV more than 1 year ago.

Ethics Approval, Trial Registration, and Informed
Consent
Both the Makerere University School of Health Sciences
Research Ethics Committee (reference No. 2018-054) and the
Uganda National Council of Science and Technology (UNCST;
reference No. HS 2672) granted ethics approval. The trial was
registered at ClinicalTrials.gov (NCT04164433). Any important
protocol deviations or adverse events (AEs) will immediately
be communicated to the Research Ethics Committee, the
UNCST, and ClinicalTrials.gov. Additionally, we will seek
permission from the responsible personnel officer at every site.

Each participant will provide written consent prior to recruitment
into the CRT and will receive a copy of the signed form. They
will also be informed that their participation is voluntary and
that they may withdraw from the study at any time. Furthermore,
permission will be sought to audio-record and take notes during
the interviews.

All disclosed HIV status results will remain confidential. The
employers will be made aware that the results will remain
confidential and that the workers are not under any obligation
to disclose their results, especially in the event that this may

lead to a loss of jobs for those who are found to be HIV positive.
All original documents will be deposited in a secure locked
cabinet and accessed only by the three investigators. The trial
data set will not have any participant identifiers and will be
stored in electronic password-protected files.

Sample Size Determination
Sample size estimation is based on the primary outcome:
proportion of men who take an HIV test. The main outcomes
were at the participant level. Currently, approximately 55% of
males in Uganda have taken an HIV test [34]. We hypothesize
a 15% increase in HIV testing in the workplace HIVST group
in comparison to the control group. We considered a two-sided
α of .05 with a power of 80% to detect a significant change
between both groups, a 1:1 allocation ratio between the
intervention and control arms, a response rate of 90%, and a
design effect of 1.399. We estimate a minimum total sample
size of 548 participants, with 274 per arm. The proxy for design
effect was picked from the proxy variable “Had taken an HIV
test and obtained results in the past year” [35].

Data Collection

Cluster Randomized Trial Flow
All participants will be provided with a list of nearby health
facilities that are accredited to provide ART. Participants will
be asked to propose three facilities that they would like to visit
for a confirmatory test if found to be HIV positive (Figure 2).

Figure 2. Cluster randomized trial flow diagram. HIVST: HIV self-testing; RDT: rapid diagnostic test.
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Intervention Arm
Since 2014, the WHO has encouraged countries to implement
pilot HIVST programs to evaluate this approach. We will,
therefore, follow the WHO strategy on self-testing to pilot
HIVST in the workplace [22] (Figure 3). The strategy steps are
as follows:

1. Explain the HIVST procedure and how to interpret the
self-test results.

2. Demonstrate the HIVST procedure and the interpretation
of the results.

3. Provide any additional instructional materials using an
HIVST video.

4. Answer any questions raised by the potential participant.
5. Issue the OraQuick HIVST kits for collection of a mouth

swab; participants will test at home or at a venue of their
choice.

6. Participants will return the results to the trial team in one
of the following ways that will be agreed upon when they
receive the kit:
a. A phone call to the study toll-free line.
b. A picture of the test results sent via email, WhatsApp,

Facebook, or another preferred social media app.
c. Presentation of the test kit at the health facility.
d. Participant self-reporting the results at the health

facility.

7. Provide a referral slip and further information on linking
to further services for those who receive a reactive self-test
result. Those who test negative will receive further
information and a referral to HIV prevention services.

8. Provide participants with a counselor’s phone number. They
will be offered the option of a call-back to return the results
within 3 days of testing. Participants will also be told to
use this number if they have any difficulty and need support
during and after testing. This is in line with a
recommendation from a study in Nigeria [36], where more
than half of the participants who tested HIV positive used
the helpline for support.

9. Each participant will receive a code and instructions on
what to write in case he is positive and can send these
results as a text message. For example, 2018-7TR9-122-S
is the code for a positive reactive test, and
2018-7TR9-122-T is the code for the nonreactive test. These
codes will be randomly generated for each participant to
avoid coworkers being able to accidentally interpret another
person’s results.

10. Participants who do not return the HIVST results within 3
days shall be phoned. This is in line with the Ugandan
Ministry of Health test-and-treat strategy [6]. They will
have given prior consent to be contacted.

Figure 3. HIV self-testing (HIVST) pathway.

Control Arm
Security personnel allocated to the control arm will receive
standard-of-care HIV counseling and testing based on the
Ugandan Ministry of Health guidelines [6], as follows:

1. The control arm of this study will be offered standard
facility-based care using antibody-based rapid diagnostic
tests (RDTs), which follow the approved serial testing
algorithm in Uganda for people above 18 months of age
[6] (Figure 4).

2. Whole blood will be collected via finger stick and capillary
sampling by a trained HIV nurse or counselor who will use
a lancet and transfer the blood to the screening test kit using
a capillary tube. The specimen will be tested immediately.

3. The nationally approved algorithm for HIV testing is as
follows:
a. All participants will undergo the screening test using

the Alere Determine HIV-1/2 test (Abbott).
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b. All participants who receive a reactive result will
undertake a confirmatory test using the HIV 1/2
STAT-PAK test (Chembio Diagnostic Systems).

c. All participants with a nonreactive confirmatory test
result will undertake a tie-breaker test using the SD
BIOLINE HIV-1/2 test (Abbott).

4. Participants whose samples react using the tie-breaker test
shall be retested after 14 days.

5. Participants who test positive will receive a referral slip to
nearby public and private health facilities to expedite
linkage to treatment, care, and support services.

6. Participants who test negative will receive a referral slip
for HIV prevention services. The participants will be
referred to one of five public health facilities within the
district.

7. Each participant will be provided with a counselor’s contact
number for continued consultation.

Figure 4. Serial HIV testing algorithm for testing persons over 18 months of age in Uganda.

Linkage to Care or Prevention Services
The participants will be followed up at 1 month and 3 months
to determine their linkage into prevention, treatment, or care.

Referral of Clients With a Confirmed HIV Diagnosis
Following confirmatory HIV testing, clients diagnosed with
HIV will be referred to local HIV treatment facilities using a
paper referral slip provided by the research team. Once a client
presents to a health facility with a referral slip, they will receive
a confirmatory test prior to ART initiation. This approach
reduces the risk of misdiagnosing their HIV status and
unnecessarily treating HIV-negative persons, which has ethical
and health system implications and causes individuals to suffer
needless psychological effects [6,37]. A copy of the referral slip

will be retained by the research team for use during follow-up.
Participants who test positive for HIV will be encouraged to
take their referral slip to the referral facility where staff will
have been trained to keep the referral documentation and mark
the source of the referral during patient registration. The unit
of evaluation (ie, the indicator for the outcome of linkage to
care) will be defined by the facility’s HIV testing registration
records and clinic records of ART initiation.

Referral of Clients Confirmed as HIV Negative
Following confirmation of an HIV-negative result, clients will
be offered information about voluntary medical male
circumcision (VMMC). Pre-exposure prophylaxis (PrEP),
condom use, and partner notification will be offered as an option
for those who are sexually active. They will also receive a
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referral slip for these services to refer them to the nearest public
health facility of their choice from their company offices. As
mentioned above, the clients who present at the health facility
will also receive a confirmatory test. The unit of evaluation will
be defined by HIV testing by the facility, VMMC, partner
services, and PrEP records.

Permitted Concomitant Interventions
In addition to HTS, security personnel in both the intervention
and control arms will receive identical additional services. These
services were identified through a needs assessment that was
conducted earlier [32]. The findings from that study reported
that both employers and employees were more willing to
undergo HIV testing at the workplace if this was provided in
combination with other health promotion interventions as a way
of mitigating stigma. The additional package will, therefore,
include the following: a blood pressure assessment, blood
glucose and BMI measurements, and an RDT for syphilis. The
additional package will be offered to both the intervention and
control groups prior to enrollment in the study. We do not expect
these concomitant interventions to affect the results of the trial.

Study Outcomes

Overview
The primary outcome will be uptake of HIV testing. Secondary
outcomes will include testing yield, proportion of participants
initiating ART during the first 3 months following HIV test
results, and proportion of participants linked to prevention
services (ie, consistent condom use, VMMC, PrEP, and retesting
for HIV).

Primary Outcome Assessment
We are operationally defining uptake of HIV testing as accepting
to take an HIV test from the standard-of-care services that will
be offered to the control group or receiving and returning a used
HIVST kit for the intervention group. The proportion of security
personnel in the control group who take an HIV test will be
computed by dividing the number of participants in the
standard-of-care cluster who agree to take an HIV test by the
total number of those enrolled in the control arm. For the
participants in the intervention cluster, uptake of HIV testing
will be computed by dividing the number of participants who
return the used HIVST kit within 1 month from the time of the
test kit distribution by the total number who enrolled in the
intervention arm.

Secondary Outcome Assessment
The following outcomes will be reported in the clinical trial
record [33]:

1. HIV status reporting—the proportion of participants who
self-report HIV test results. This will be assessed via
telephone call by participants to the trial toll-free line or
via picture of the self-test result sent through any of the
following electronic channels: study email, WhatsApp, or
the study Facebook account. Further assessment will include
the presentation of either the trial participant or the self-test
at a health facility.

2. Linkage into HIV care—the proportion of participants with
positive results who link to a health facility for HIV care.

This will be assessed by checking the clinic records from
the selected HIV care and treatment facilities at 1 and 3
months.

3. Initiation of ART—the proportion of participants who
initiate ART. This will be assessed by checking clinic
records or possession of an ART card. Data will be collected
using a questionnaire at 1 and 3 months.

4. Uptake of VMMC following HIVST—the proportion of
previously uncircumcised participants who self-report
VMMC at 1 and 3 months.

5. Consistent condom use following HIVST—the proportion
of participants who use a condom for each sexual encounter
for 1 month. Condom use will be assessed through verbal
reports from the participants. Participants will be followed
up at 1 and 3 months.

6. Uptake of PrEP by men who have sex with men
(MSM)—the proportion of MSM who initiate PrEP at 1
and 3 months. In this study, MSM will indicate the
behaviors that transmit HIV infection, rather than how
individuals self-identify in terms of their sexuality [38].

Data Monitoring, Potential Harms, and Audit Process
HIV testing and HIVST at the workplace in Uganda are still
novel and may result in unexpected harms and AEs. We set up
a data safety and monitoring committee to oversee the progress
of the trial. The committee is charged with ensuring that the
trial protocol is adhered to and that the trial data are correctly
recorded, analyzed, and reported. The trial quality-management
officer, together with the research team, will monitor the
participants for harm and AEs, such as physical violence, stigma,
and discrimination at the workplace, as well as personal and
social harm related to receiving HIV test results. AEs will be
classified as mild, moderate, or severe. AEs such as suicide
threats, self-harm threats, hospitalization, or death up to 28 days
after a reactive HIVST result will be classified as severe [39].
The trial quality-management officer will report all events and
withdrawals from the trial due to AEs using an open-ended AE
reporting form. These data will be collected fortnightly. Severe
events will be reported to the principal investigator and the
Research Ethics Committee, while mild and moderate AEs will
be recorded and reported to the trial counseling team. In the
event of severe AEs, the data monitoring committee will
evaluate the benefits and harms separately, followed by an
overall measure that considers the balance between benefits and
harms [40]. At the end of the trial, two independent officials
will evaluate the trial-related activities and documents to ensure
that they were carried out according to the protocol and Good
Clinical Practices.

Statistical Analysis
We will use the intention-to-treat principle for all analyses.
Participants’ sociodemographic characteristics will be
summarized using frequencies and proportions and will be
compared across the study arms. We will employ chi-square
and Fisher exact tests for categorical variables as well as means
and t tests or analyses of variance for continuous variables [41].
To avoid unit-of-analysis errors, we shall conduct analyses by
allocation unit via hierarchical logistic regression models that
compare the outcome between the two arms and account for
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clustering among the respondents. The analysis will also adjust
for individual-level covariates to elicit associations between the
outcomes and the covariates. This method of analysis has been
selected over other methods of analyzing cluster data to avoid
any ecological fallacy [42]. For the primary outcome, we will
compare the proportion of participants taking an HIV test
between the two arms. Secondary analyses will be conducted
to compare the proportion of HIV-positive participants who
become linked to care between the two arms as well as the
proportion of HIV-negative participants who take up prevention
services between the two arms. The statistical analysis will be
performed using Stata software (version 14; StataCorp LP).
Trial findings will be published following the CONSORT
(Consolidated Standards of Reporting Trials) guidelines [43].

Results

Participant enrollment for the WISe-Men trial commenced in
February 2020 and was still recruiting study participants at the
time of this submission. Follow-up for currently enrolled
participants is ongoing. Data collection and analysis is expected
to be completed in December 2021.

Discussion

This research project aims to evaluate the effects of HIVST on
HIV care-seeking among men. One anticipated challenge of the
HIVST intervention is how the researchers will confirm the
participants’ HIVST results, as these will be self-reported. We

propose the use of mobile phone apps, such as WhatsApp, that
participants can use to send their results back for verification,
but this may be a challenge for those without smartphones.
Another anticipated challenge revolves around participants’
work schedules. The field employees in the private security
companies may not be available for HTS on the days scheduled
for data collection, which may delay recruitment and hinder
achieving the desired sample size.

With 88% of PLHIV identified in Uganda, it is difficult to
identify the remaining undiagnosed PLHIV with general
population approaches. This project uses one of the
recommended approaches called targeted testing, which focuses
on an individual or group of individuals who are at high risk of
HIV acquisition [6]. Men employed in private security
companies represent an ideal population for targeted testing.
They are considered among the priority populations with limited
access to HTS due to the nature of their work, and their social
migration puts them at risk of HIV [34]. Additionally, the
WISe-Men trial will provide information regarding whether
testing at worksites increases men’s engagement in HIV testing
and linkage to post-HTS in Uganda. The trial results will be
communicated to the participants, health care professionals,
and the public through workshops and meetings and to other
relevant groups through publications in peer-reviewed journals
and conferences. The findings from this study will contribute
to policy development regarding HIVST and will inform the
future regional, national, and international implementation of
HTS.
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Abstract

Background: Studies on walking football have found positive effects on health; however, there are still several research gaps
when applying walking football programs for patients with type 2 diabetes.

Objective: This study aims to test the effectiveness of a walking football exercise program on glycemic control and cardiovascular
risk factors in middle-aged and older men with type 2 diabetes.

Methods: The study will be run as a randomized controlled trial with a 6-month duration in Portugal. Eligible participants will
be randomized using a 1:1 ratio for intervention or control groups and compared using an intention-to-treat analysis. The intervention
will consist of a walking football exercise program. The control group will continue with usual care in primary health care units.
The primary outcome will be the mean difference in glycated hemoglobin between intervention and control groups after 6 months.
Secondary outcomes include the mean differences in fasting blood glucose, total cholesterol, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, triglycerides, systolic and diastolic blood pressure, body mass index, waist circumference,
fat-free mass, and fat mass. Additionally, secondary outcomes include the incidence of exercise-related injuries and adverse
events and the walking football exercise program’s cost-utility.

Results: The study protocol is being prepared to be submitted to the Health Ethics Committee of the Northern Regional Health
Administration, Portugal. After approval, participant recruitment will start in primary health care units in Porto's metropolitan
area by family medicine doctors.

Conclusions: Walking football might have the potential to be effective in improving glycemic control and cardiovascular risk
factors, with a low rate of exercise-related injuries and adverse events and a good cost-utility ratio. Therefore, walking football
may be a sustainable intervention strategy for type 2 diabetes management.

International Registered Report Identifier (IRRID): PRR1-10.2196/28554

(JMIR Res Protoc 2021;10(11):e28554)   doi:10.2196/28554
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Introduction

Background and Rationale
Type 2 diabetes (T2D) is a global public health concern
considering its morbidity, mortality, and health expenditure [1].
In 2019, it was estimated that 463 million adults (20-79 years
old) worldwide were diagnosed with diabetes, corresponding
to 9.0% of all adults in this age group [1] and representing nearly
90% of T2D cases. Increased exposure to environmental factors,
such as obesity and physical inactivity, has been associated with
the alarming increase in the prevalence of diabetes [1]. Portugal
is one of the European countries with the highest prevalence of
diabetes. In 2015, the prevalence of diabetes in the adult
population (25-74 years old) was 9.9% [2]. The prevalence was
higher in men than in women (12.1% vs 7.8%), and higher in
individuals aged 65-74 years (23.8%) compared with younger
individuals [2].

The benefits of physical activity in the prevention and control
of T2D have long been documented [3-6]; however, a
considerable proportion of individuals with T2D do not adhere
to the recommendations proposed by international organizations
(eg, American Diabetes Association, American College of Sports
Medicine) [7,8]. Data from Portugal revealed that about 60%
of individuals with T2D reported not practicing any type of
exercise [9], demanding interventions to increase physical
activity levels in this population.

Recreational football is conducted as small-sided games, from
3 vs 3 to 7 vs 7, practiced 2-3 times per week, in sessions of
45-60 minutes. The practice of recreational football is an
intermittent activity, with participants moving at slow speed,
but with consecutive changes in direction, accelerations, and
decelerations, leading to periods of moderate-to-vigorous
intensity. This intermittent activity has shown cardiovascular,
metabolic, and neuromuscular benefits across different
populations [10-14]. This can contribute to increased physical
activity levels and, therefore, to the control of several
noncommunicable diseases, including T2D [10-14].

Exercise-related injuries and the high exercise intensities
observed in recreational football led some football clubs to
develop walking football strategies for their older players [15].
Walking football follows football’s general rules, but it does
not allow players to run or have physical contact, and the ball
must always be played below the players’ average waist height
[16]. Available studies on walking football have reported
engagement and satisfaction with the modality, the pattern of
exercise intensity (from light to vigorous), and health benefits
(namely on body composition, aerobic fitness, blood pressure,
cognitive function, psychologic well-being, and quality of life)
[17-22].

Only 3 studies provided details regarding the participants’
medical conditions [17,20,22]. Participants were mainly
middle-aged and older men with overweight, obesity,

hypertension, or T2D. Characterization of medical conditions
and cardiovascular risk factors seems particularly important
when extrapolating exercise effects for some populations.
Patients with T2D have an increased risk of injuries and acute
adverse events associated with exercise training compared with
healthy subjects [23]. Indeed, efforts for safety are fundamental
in exercise programs and may compromise participants’
adherence.

A 12-week study that tested the feasibility and safety of a
walking football program in middle-aged and older men with
T2D in a quasiexperimental design found that the most common
adverse events were falls and musculoskeletal injuries, and no
acute metabolic or hemodynamic adverse events were observed.
No registered injuries or adverse events were reported, mainly
due to the safety protocols applied before, during, and after each
exercise session [22].

Studies on walking football showed positive effects on health.
However, there are still several research gaps regarding walking
football in patients with T2D. It includes limitations in study
designs, sample sizes, length of the programs, assessment of
variables that may influence adherence to the programs (such
as the enjoyment), and impact on glycemic control and
cardiovascular risk factors.

Objectives
This study aims to test the effectiveness of a 6-month walking
football exercise program on glycemic control and
cardiovascular risk factors in middle-aged and older men with
T2D.

This study will be accomplished through the following specific
objectives: (1) evaluate the effects of a walking football exercise
program on glycemic control, blood lipid profile, blood pressure,
anthropometric profile, and body composition; (2) assess
exercise-related injuries and adverse events of a walking football
exercise program; (3) assess the cost-utility of a walking football
exercise program.

Methods

This protocol follows the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) statement
[24]. The SPIRIT checklist is available in Multimedia Appendix
1, and the trial for this protocol will be registered at
ClinicalTrials.gov.

Design
This study is based on a parallel-group, randomized controlled
trial with a 6-month duration. Eligible participants will be
randomized using a 1:1 ratio within each primary health care
unit (PHCU) to intervention or control groups. The intervention
will consist of a 60-minute walking football exercise program,
3 times per week (nonconsecutive days), for 24 weeks. The
control group will maintain daily life routines and continue with
usual care. The study design is represented in Figure 1.
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Figure 1. Flow diagram of the randomized controlled trial.

Setting
The study will be conducted in PHCU of Porto's metropolitan
area, in the northern region of Portugal. A PHCU consists of
multiprofessional teams, with a mean of 7 family medicine
doctors, an equal number of family nurses, and administrative
professionals. Family medicine doctors have a patient list that
ranges from 1500 to 2000 patients, handling preventive activities
and most of the acute and chronic health problems of the
individuals. In these units, patients with chronic conditions,
such as T2D, have regular consultations and close contact with
their family medicine doctor.

Participants
Participants will be recruited from 5 PHCUs. Family medicine
doctors at these PHCUs will extract a list of potential
participants from the information system and contact them by
telephone. Each PHCU is expected to enroll 40 patients,
corresponding to a total of 200 participants.

Inclusion Criteria
The participants will be selected according to the following
criteria: diagnosis of T2D for at least 12 months; male; aged
55-70 years; glycated hemoglobin between 6.0% and 10.0%;
not having started insulin therapy in the previous 6 months
and/or sulfonylureas therapy in the previous 3 months; major
complications of diabetes screened and controlled (diabetic
retinopathy, diabetic nephropathy, and diabetic foot); no
cardiovascular, respiratory, nor musculoskeletal
contraindications to exercise; without symptoms of coronary
artery disease; without limitations in gait or balance; nonsmokers
at least for 6 months; not practicing supervised exercise for at
least 6 months; independent living in the community; and
availability for the exercise session schedule. Participants who

fulfil the inclusion criteria will be invited to participate in the
study and perform a treadmill cardiac stress test.

Exclusion Criteria
Individuals with issues identified in the cardiac stress test,
namely asymptomatic cardiac or hemodynamic problems, will
be excluded from the study.

Intervention and Control Groups
Participants assigned to the intervention group will enroll in a
walking football exercise program and receive basic sports
material (eg, sports bag, t-shirt, and sports shoes). The
participants will be organized into 5 groups of 20 players in
different time schedules. Each group will have 60-minute
walking football exercise sessions, 3 times per week
(nonconsecutive days), for 24 weeks (72 sessions).

Walking football sessions will be conducted on a football field
and supervised by a football coach certified by the Union of
European Football Associations and by a nurse.

The sessions will consist of strength and conditioning exercises,
technical skill drills, and small-sided and conditioned walking
football games, including warm-up and cool-down periods.

The participants from the intervention and control groups will
be asked to maintain daily life routines (lifestyle-related physical
activity and dietary pattern) and continue with usual care
(diabetes consultations and pharmacological regimen). In
Portugal, the usual care at a PHCU already includes brief
counseling for physical activity and sedentary behavior [25].

Participants from the control group will also receive basic sports
material (eg, sports bag, t-shirt, and sports shoes).

All activities, participation rules, project team members, and
the sports facilities will be presented to participants and their
families before starting the intervention.
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Outcomes
The primary outcome is the difference in the change in glycated
hemoglobin level between intervention and control groups after
6 months. Secondary outcomes include changes between groups
in fasting blood glucose, total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol,
triglycerides, systolic and diastolic blood pressure, body mass
index, waist circumference, fat-free mass, and fat mass.

Secondary outcomes also include the incidence of
exercise-related injuries and adverse events, as well as the
cost-utility of the walking football exercise program.

Assignment of Interventions
The principal investigator will use a computerized random
number generator to randomize participants.

Each patient will have a unique patient study number, which
will be given immediately by the randomization software (the
latest version of Excel Office 365).

Family medicine doctors at each PHCU will invite patients for
an appointment; then, family medicine doctors will provide
information about the study, assess the availability for
participation, and collect informed written consent. After
consent, the participants will be invited to perform a treadmill
cardiac stress test.

If still eligible after the stress test, the participants will be
enrolled in the study by the research team, who will provide an
opaque envelope with the codification previously generated for
each participant; the participant will then open the envelope
and check his allocation for the intervention or control group.

Blinding of the participants, health care professionals, and
research team members will not be possible.

Data Collection
Data collection will have 3 main time points: baseline (before
starting the study), 6 months (after the study ends), and every
walking football exercise session. The descriptions of the
variables assessed at baseline and the 6-month evaluation are
presented in Table 1.

Table 1. Variables assessed at baseline and at the end of the study.

MethodVariable

Glycemic control

Venous blood analysisGlycated hemoglobin

Venous blood analysisFasting blood glucose

Blood lipid profile

Venous blood analysisTotal cholesterol

Venous blood analysisLDLa cholesterol

Venous blood analysisHDLb cholesterol

Venous blood analysisTriglycerides

Blood pressure

Automatic digital sphygmomanometerSystolic blood pressure

Automatic digital sphygmomanometerDiastolic blood pressure

Anthropometric profile

FormulaBody mass index

Anthropometric tapeWaist circumference

Body composition

Bioelectrical impedance analysisFat mass

Bioelectrical impedance analysisFat-free mass

Global Physical Activity Questionnaire score [26]Habitual physical activity

3-day food record, 24-hour dietary recall analysisDietary intake

EQ-5D questionnaire [27]Health-related quality of life

FormMedication (number, type, and dosage)

aLDL: low-density lipoprotein.
bHDL: high-density lipoprotein.

Before and after the study, habitual physical activity, dietary
intake, health-related quality of life, and regular medication will

be collected to be used as control variables. We will also collect
sociodemographic characteristics at baseline.
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At every exercise session, objective and subjective exercise
intensity and enjoyment will be recorded for control purposes.

The descriptions of the variables to be assessed before, during,
and after each exercise session are detailed in Table 2. Capillary
blood glucose, blood pressure, and feet wounds will be assessed

before the exercise session; objective exercise intensity will be
recorded during the exercise session; subjective exercise
intensity and enjoyment will be assessed at the end of the
exercise session; and exercise-related injuries and adverse events
will be evaluated during and after the exercise session if
participants report symptoms or the nurse notices any issue.

Table 2. Variables assessed in each exercise session.

MethodVariable

GlucometerPre-exercise capillary blood glucose

Automatic digital sphygmomanometerPre-exercise blood pressure

Self-observationPre-exercise feet wounds

Exercise intensity

OMNI perceived exertion scale [28]Subjective

Heart rate and time-motion trackingObjective

Physical Activity Enjoyment Scale [29]Exercise sessions enjoyment

Observational/clinical/self-reportedExercise-related injuries and adverse events

All personnel involved in the study — nurses, nutritionists,
medical doctors, football coaches, and sports scientists — will
receive training before baseline assessments. This aims to
standardize procedures.

Specifically, the principal investigator will provide training to
the other research team members regarding the clinical
assessments and forms.

The Portugal Football School of the Portuguese Football
Federation will provide training to football coaches to ensure
the walking football program is administered in a similar way
in the different centers and according to a predefined manual.

A sports scientist will monitor, in real time, internal (heart rate
[HR]) and external (eg, distance covered, number of actions)
workload and apply the OMNI perceived exertion scale in all
sessions.

The nurse must have training in emergency procedures, be
responsible for measurements at exercise sessions, manage and
record exercise-related injuries and adverse events, follow-up
with participants, and refer to health care facilities if necessary.

Procedures
Before each walking football session, the nurse present at the
local sports facility will evaluate capillary blood glucose
(Contour XT, Ascencia Diabetes Care, Basel, Switzerland) and
blood pressure (M6 Comfort, Omron, Kyoto, Japan) for all
participants. Furthermore, participants will self-observe the
presence of feet wounds and report any to the nurse. These
measurements aim to evaluate the baseline safety conditions
before the exercise session.

The participants will be allowed to start the session only under
the following conditions: (1) capillary blood glucose ≥100 and
≤300 mg/dL, (2) systolic blood pressure ≤200 mm Hg, (3)
diastolic blood pressure ≤100 mm Hg, and (4) no foot wounds.

During and after sessions, capillary blood glucose, blood
pressure, and feet will be evaluated if participants report related

symptoms. An adverse event is considered if there are any of
the following after reporting symptoms: capillary blood glucose
<72 mg/dL (symptomatic hypoglycemia) or >300 mg/dL
(symptomatic hyperglycemia), systolic blood pressure <100
mm Hg (symptomatic hypotension) or >160 mm Hg
(symptomatic hypertension response), or foot wounds are
observed [3,23]. Participants in these conditions will not return
to the exercise session, and corrective measures will be applied
when necessary (ie, hydration, glucose intake, rest).

Strains, sprains, and contusions will be considered
musculoskeletal injuries. Falls, seizures, myalgias, headache,
malaise, chest pain and discomfort, and other relevant events
will be considered adverse events [22].

During the walking football program, exercise intensity will be
monitored systematically in every session through HR and rating
of perceived exertion (RPE). From the estimated HR reserve
(HRR) [30], we will classify the exercise intensity using the
method by Karvonen and Vuorimaa [31]: light intensity
(30%-39% HRR), moderate intensity (40%-59% HRR), vigorous
intensity (60%-89% HRR), and near-maximal to maximal
intensity (≥90% HHR) [32]. During training sessions, all
participants will use adjustable chest strap HR monitors, and
HR will be recorded at 5-second intervals using short-range
radio telemetry (Firstbeat Sports, Jyväskylä, Finland).
Participants will classify subjective exercise intensity through
RPE using the 11-point OMNI scale (from extremely easy [0
points] to extremely hard [10 points]) at the end of the session
[28]. With this RPE scale, light intensity is considered as 3-4
points, moderate intensity as 5-6 points, vigorous intensity as
7-8 points, and near-maximal to maximal intensity as 9-10
points.

Data Analysis and Sample Size
The number of participants to be involved was defined to test
the superiority of walking football compared with usual care,
using intention-to-treat analysis. For a 1:1 ratio of the
intervention and control groups, significance level of 5%, and
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statistical power of 80%, a total of 162 participants will be
needed to detect a mean difference of at least 0.35% in the
primary outcome (glycated hemoglobin), based on previous
meta-analyses [33,34]. Assuming the complete follow-up of at
least 80% of the participants, a total of 200 participants will be
enrolled.

We will use a 2-way (group*time) analysis of variance with
repeated measures to compare the mean differences between
intervention and control groups.

For the cost-utility analysis, we will calculate the walking
football implementation costs compared with the usual care.
Costs include technical training for the professionals involved,
patients’ medical assessments, material for capillary blood
glucose and blood pressure evaluations, football equipment,
sports facility rental, sports insurance, and payment to nurses
and football coaches. The costs of the intervention and reported
gains in quality of life (based on quality-adjusted life years)
[27] will be used to calculate the incremental cost-utility ratio
(ICUR). ICUR will be compared with the World Health
Organization thresholds for health interventions based on per
capita gross domestic product.

The amount of missing data is expected to be low considering
the training of all the staff and the use of standardized
procedures for data collection. No imputation is being planned.

Ethics and Dissemination
This study will follow the General Data Protection Regulation
and be submitted to the Health Ethics Committee of the Northern
Regional Health Administration, Portugal. All procedures will
comply with the Declaration of Helsinki. Any protocol deviation
will be reported.

All participants will provide informed consent after receiving
a detailed explanation of the potential risks and benefits. They
will also have research insurance to cover the risks associated
with exercise practice and evaluations before and after the
exercise program. All participants will have a codification
number to be used in the evaluations (questionnaires and blood
samples). All the data collected will be treated as confidential
and strictly used for this project. Data storage will be
anonymized. Only the principal investigator will have access
to the data.

Participants can withdraw from the study at any time, without
any prejudice to the care provided at their PHCU, and have the
right to access personal data collected in person from the
researchers.

Findings from this study will be submitted for publication in
international peer-reviewed journals. The results will also be
disseminated at national and international scientific meetings
and in mass media press releases.

Results

The study protocol is being prepared to be submitted to the
Health Ethics Committee of the Northern Regional Health
Administration, Portugal. After approval, participant recruitment
will start by family medical doctors in PHCUs in Porto’s
metropolitan area.

Discussion

Overview
The main goal of this study is to test the effectiveness of a
walking football program for glycemic control and
cardiovascular risk factors in middle-aged and older male
patients with T2D.

To the best of our knowledge, this is the first study testing the
effects of a walking football exercise program for these
outcomes in this specific population. Also, the investigation
proposed relies on robust methodology, with a large study
sample.

We expect that the walking football program will be effective
in improving diabetes control and cardiovascular risk factors.
We also expect a low rate of exercise-related injuries and
adverse events and a good cost-utility ratio, as observed in other
studies testing the effect of physical activity on diabetes control
[35-38].

Developing an effective program with a good cost-utility ratio
may contribute to making walking football a sustainable
intervention strategy for T2D control. In addition, it can be used
by football clubs to offer these programs as a service to their
communities, ultimately contributing to the sustainability of the
intervention and scaling up the offer to population coverage.

Limitations
Some limitations need to be addressed: First, the lack of
participant, health care professional, and elements of the
research team’s blinding may introduce bias that may affect the
outcome assessment. Nevertheless, our primary outcome is an
objective measure — glycated hemoglobin, measured by blood
clinical analysis — which may reduce the impact on the lack
of blinding.

Second, contamination may occur since randomization units
are individuals and not PHCUs, and there is proximity in the
geographical area for participants from each PHCU. However,
education of all research members and participants towards
contamination and clear information about the purposes of the
trial may minimize its occurrence.
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Abstract

Background: A vision center (VC) is a significant eye care service model to strengthen primary eye care services. VCs have
been set up at the block level, covering a population of 150,000-250,000 in rural areas in North India. Inadequate use by rural
communities is a major challenge to sustainability of these VCs. This not only reduces the community’s vision improvement
potential but also impacts self-sustainability and limits expansion of services in rural areas. The current literature reports a lack
of awareness regarding eye diseases and the need for care, social stigmas, low priority being given to eye problems, prevailing
gender discrimination, cost, and dependence on caregivers as factors preventing the use of primary eye care.

Objective: Our organization is planning an awareness-cum-engagement intervention—door-to-door basic eye checkup and
visual acuity screening in VCs coverage areas—to connect with the community and improve the rational use of VCs.

Methods: In this randomized, parallel-group experimental study, we will select 2 VCs each for the intervention arm and the
control arm from among poor, low-performing VCs (ie, walk-in of ≤10 patients/day) in our 2 operational regions (Vrindavan,
Mathura District, and Mohammadi, Kheri District) of Uttar Pradesh. Intervention will include door-to-door screening and awareness
generation in 8-12 villages surrounding the VCs, and control VCs will follow existing practices of awareness generation through
community activities and health talks. Data will be collected from each VC for 4 months of intervention. Primary outcomes will
be an increase in the number of walk-in patients, spectacle advise and uptake, referral and uptake for cataract and specialty surgery,
and operational expenses. Secondary outcomes will be uptake of refraction correction and referrals for cataract and other eye
conditions. Differences in the number of walk-in patients, referrals, uptake of services, and cost involved will be analyzed.
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Results: Background work involved planning of interventions and selection of VCs has been completed. Participant recruitment
has begun and is currently in progress.

Conclusions: Through this study, we will analyze whether our door-to-door intervention is effective in increasing the number
of visits to a VC and, thus, overall sustainability. We will also study the cost-effectiveness of this intervention to recommend its
scalability.

Trial Registration: ClinicalTrials.gov NCT04800718; https://clinicaltrials.gov/ct2/show/NCT04800718

International Registered Report Identifier (IRRID): DERR1-10.2196/31951

(JMIR Res Protoc 2021;10(11):e31951)   doi:10.2196/31951

KEYWORDS

study protocol; randomized intervention study; vision centers; door-to-door screening; cost-effectiveness; sustainability; screening;
awareness; vision; eye; utilization; usage; India; rural; intervention; engagement; scalability

Introduction

Primary care is the cornerstone of the global health system and
is rooted in the 1978 Declaration of Alma Ata [1], encompassing
disease prevention and the equitable distribution of health care
[2]. Derivative to this, the Global Action Plan for Universal Eye
Health [3] emphasizes the importance of providing basic eye
care to all individuals, and the communities they constitute, at
affordable rates [4]. An application of the bottom-up approach,
primary eye care is an integral part of comprehensive eye care:
promoting eye health, increasing accessibility, and linking
individuals and the community to health care systems [5-8].

In India, primary eye care is delivered through two main
mechanisms:

• Transient screening camp-scheduled, community-based
activities that screen patients, provide glasses to those
requiring them at the camp itself, and transport those
needing surgery to the base hospital [9].

• Permanent facilities: Vision centers (VCs) with catchment
areas of roughly 50,000 people, mostly located in rural
areas and urban slums and accessible by public transport
[10,11]. They refract, diagnose, and treat minor eye
conditions and refer cases needing further care to their
nearest base hospital [12].

Globally, awareness regarding eye health [13], need-based
demand [13], financial issues and cost [13,14], and poor
communication from providers [14] are the major barriers to
primary eye care use. The literature on barriers to primary eye
care in India is limited but points to a lack of knowledge about
eye diseases, detrimental social stigmas, low priority being
accorded to eye problems, gender discrimination,
unaffordability, a lack of perceived need, and immobility and
dependence on escorts [15-18]. These barriers to the access and
use of services have the potential to affect the overall operational
sustainability of the VCs, affected in large part by the number
of walk-in patients [19].

Our organization is a network of eye care delivery mechanisms
based on the pyramidal model [10] and spread across North
India. Currently, 36 VCs (9 urban and 27 rural) are under
operation, raising awareness; providing refraction, recognition,
and referral services to their catchment population; and
increasing contact of those in need of services with doctors

through teleophthalmology. For the majority of people, these
primary eye care centers are the first point of contact when
accessing or attempting to access eye care services. Moreover,
gender differences have been established in the use of VC
services, with the proportion of women among the walk-in
patients being higher compared to men in urban VCs and lower
in rural ones [12].

Thus, generating awareness, developing trust, and improving
access to these VCs, amongst the entire catchment population
they service, is essential not only for the overall sustainability
of these centers but also to bring more and more people under
the ambit of primary care delivery. Previously, a door-to-door
screening model was posited to eliminate avoidable blindness
[15]. This research protocol aims to study the effect of an
intervention combining door-to-door screening with regular
awareness activities in the catchment population on service use
at VCs. The overall cost-effectiveness of such an intervention
will also be analyzed.

Methods

Study Design and Process
This study is a randomized, parallel-group experimental study
in which we selected four VCs, two each in the intervention
and control arms (one each from a particular operational area).

Our organization has six secondary centers, of which four are
located in the state of Uttar Pradesh, namely Meerut, Mathura,
Saharanpur, and Kheri. These regions have a total of 23 VCs
operating in rural and semiurban areas, together serving around
1 million people. Of these four secondary centers, two were
selected (Vrindavan in Mathura District and Mohammadi in
Kheri District) for this study based on feasibility and the
demographic profile of their catchment population.

The Vrindavan region has eight VCs delivering eye care services
in its semiurban areas, while the Mohammadi region has six
VCs (five rural and one semiurban). Most of these VCs have
been operational for over 3 years. However, data from the
previous year indicated that 80% of the VCs are suboptimal in
their performance. The VCs performing suboptimally were
listed. From a total of 10 VCs (5 in each region, meeting the
inclusion/exclusion criteria), 2 were randomly selected from
each region using the RAND function in Microsoft Excel (ie,
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1 each for the control and the intervention arm). The process is illustrated in detail in Figure 1.

Figure 1. Selection process used to identify the study vision centers (VCs). OPD: outpatient department.

The VCs in the two blocks of Mathura District are located at
Chhata and Raya, while the two VCs in the two blocks of Kheri
District were located at Mitauli and Pashgaon. Due to the nature
of the study, it was not possible to mask the field staff to the
intervention.

Inclusion/Exclusion Criteria
The regional team gathered detailed information regarding all
VCs operating in the Vrindavan and Mohammadi regions. VCs
were included in the study based on the following inclusion
criteria:

• Low performance (walk-in OPD ≤ 10 per day)
• Duration of operation > 1 year

• Presence of one VC in each arm from selected VCs

VCs with walk-in outpatient department (OPD) numbers greater
than 10 per day and those in operation for less than 1 year were
excluded.

Study Setting
Mathura District has a population of about 2.5 million, 70% of
whom are resident in rural areas [20]. Kheri District has a
population of around 4 million, of which 88% reside in rural
areas [21].

Per our existing data, around 75% of the patients visiting our
VCs in these 2 districts reside within 10 km of our VCs. The
Chhata block, in Mathura, has 81 villages, with around 30 of
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those being within 10 km of the VC. These 30 villages have a
combined population of around 70,000. In contrast, the Raya
block has 124 villages, with around 90 of these being within 10
km of the VC, having a combined population of around 130,000.

In Kheri District, the Mitauli block has 138 villages, of which
75 are within 10 km of the VC. The combined population of
these villages is around 111,000. The Pashgaon block has 230
villages, with around 85 of these being within 10 km of the VC,
having a combined population of around 110,000.

Sample Size
The average OPD attendance at the intervention centers is 7 per
day at present. We expect to achieve 14 after the intervention,
failing which, the intervention will not be considered a success.
Therefore, the primary objective of the statistical analysis would
be to estimate the average attendance, postintervention, with
extreme precision, which will lead us to assess whether we have
been able to achieve the target (14 per day, on average). We set
the confidence interval (CI) to ±1 for the postintervention sample
mean (the narrowest-possible CI in this case). To check whether
at least 20 per day on average has been achieved, we expect a
sample mean of at least 21 (ie, the CI will be 20-22). The
number 20 has been determined based on a feasibility study
conducted to project VC sustainability. We assume that the
probability of the CI is 95% and the daily OPD attendance has
a Poisson distribution. Thus, we expect that the postintervention
daily attendance will have a Poisson distribution with a mean
of at least 21. This implies that the variance of the distribution
will also equal 21 (or more), and we want to estimate the mean
with a 95% CI of ±1. This requires a minimum sample size of
81 days.

We used the following formula to calculate the sample size:

Sample size = (1.962/d2) × Variance of the distribution

where 1.96 is the 97.5 percentile point of the standard normal
distribution and d is the length of the CI (on one side of the
estimate). If d = 1 and variance = 21, we obtain sample size =
81. We set a target of 20 per day in the pre-CODIV-19 time,
but due to the pandemic, we revised our desired target to 14 per
day to consider the intervention a success. We persisted with
the additional days in the sample size (instead of 58 days for a
target of 14) to be able to estimate up to 14 per day OPD
attendance with precision.

Intervention Arm
Our VC team includes a technical person (a trained vision
technician) and a community health worker (a VC attendant).
Although the vision technician is responsible for patient
examination, the VC attendant assists the vision technician and
carries out community engagement activities. In addition, each
region has a VC coordinator to supervise all VCs in that region.
The intervention will include door-to-door screening and
awareness generation in 8-12 villages in the catchment area of
the intervention VC. We will leave the villages adjacent to the
VCs and instead approach a mix of near and distant villages
within our catchment area. A list of surrounding villages (within
10 km) will be prepared by the VC coordinator and the VC

attendant. The VC coordinator will meet each village leader to
take permission for the door-to-door intervention survey to be
carried out in the village. After having received the necessary
permissions, a priority list of survey villages will be prepared
to initiate the intervention.

The VC attendant will be trained to use the Peek acuity
application [22] for measuring visual acuity and using the data
collection software Taraka on Android platforms. They will
also be trained to use the developed information, education, and
communication (IEC) material. In the intervention villages, the
VC attendant will go from door to door. During the screening,
if any house is locked or family members are not available, the
VC attendant will attempt to contact those missing at least three
times. The VC attendant will explain the intervention and obtain
verbal consent for participation in the survey. Household or
family members who are unwilling or not interested to
participate in the survey will also be recorded separately.

After obtaining verbal consent for the screening, the VC
attendant will communicate regarding the need for eye care in
general and share the IEC material. For each family member
above 5 years of age, the visual acuity of each eye will be
measured and recorded using the PEEK acuity application on
a smartphone. Demographic data, ocular complaints, and
information regarding any previous eye checkup will also be
recorded in the Android application.

Any person with a visual acuity of <6/12 (cutoff) or other eye
issues will be counseled and referred for a comprehensive
examination to the VC. A referral slip will be provided to the
patient when referred, mentioning the reason for referral.
Referred patients’ records will be accessible to the vision
technician (optometrist) through the software. Patients reporting
to the VC for a comprehensive checkup and treatment, due to
the door-to-door intervention, will be recorded using vision
center management software (VCMS). Any patient requiring
surgical treatment or further care will be referred to the
respective secondary center. Free cataract services will be
provided to patients unable to afford the same. Follow-up of
referred patients will be performed by the coordinators in the
field.

Control Arm
The control arm VC will continue its routine awareness activities
and health talk sessions in the community. The VC attendant
will prepare a monthly activity plan and organize activities in
the surrounding 8-10 villages. Persons with eye issues will be
recorded and referred to the VC for further evaluation and
treatment. Patients reporting to the VC will be registered in the
VCMS. For surgical intervention or further care, patients will
be referred to the respective secondary center. Follow-up of
referred patients will be performed by the coordinators in the
field.

A comparison of the activities of the community health workers
in the two arms is summarized in Table 1. The activities will
be the same in both the arms and will also be standardized in
the same manner; only their mode and reach will be different.
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Table 1. Comparison of activities of community health workers in the two study arms.

Control armIntervention armActivitySerial number

YesYes1 • Meeting with key stakeholders

YesNo2 • Health talk sessions in community
• Refer patients to VC

Yes (cluster meeting in village
during visits)

Yes (door-to-door)3 • Awareness activity through IEC distribution

NoYes4 • Permission for door-to-door survey intervention

NoYes5 • Door-to-door screening
• Refer patients to VC

Project Timelines
The study period will be 12 months, of which 2 months will be
spent preparing the study intervention and obtaining approvals,
3 months will be needed for preintervention work (ie, training
the team, field preparation, finalizing the data collection format,
and IEC development), and 4 months for the intervention and
data collection; after data collection, the remaining 3 months
will be used for data analysis and writing.

Data Collection, Management, and Analysis

Data Collection and Variables
We will collect both electronic and manual data for both study
arms. In the intervention arm, field-level data (door-to-door
surveys) will be captured through software, while field-level
activity in the control arm will be manually recorded in the
activity register. VC-level data will be extracted from the
VCMS, which will contain data for both control and intervention
VCs. In both arms, programmatic data will be collected, which
will include data of the villages screened, door-to-door
screening, walk-in OPD visits, those reporting after referrals
from the field, and spectacles advised and their uptake, as well
as referrals for cataract, specialty, and surgical follow-up (Figure
1 and Multimedia Appendix 1). Cost data will be collected for
direct, indirect, and opportunity costs, such as rent, human
resources, overheads, and community activities (Multimedia
Appendix 2). We will also collect data for revenue from the
OPD, spectacles, and surgeries done.

Most of the data for analysis will be directly extracted from the
existing software at the VCs. The rest of the data pertaining to
the cost will be entered, collected, and monitored as part of
regular processes in the field. This will make the data collection
process streamlined and integrated into the regular operations.
Although the costs incurred in running any program may vary
for different providers, we feel that the detailed checklists will
help in disaggregating that data for use by different service
providers.

Quality Assurance
There will be three sources of data in this research. The data
from the door-to-door screening will be collected using a
customized Android application, the data of patients visiting
VCs will be captured through the VCMS, and the additional

data pertaining to activities from the control VCs and the visits
of various members of the staff will be collected in the registers.

Checks and balances have been built into the software to ensure
completion of data collection. A comprehensive checklist has
been prepared to standardize the manual data collection. Random
visits will be made periodically to the field to monitor screening,
awareness generation activities, and data collection. Data
collected during the day will be uploaded to the cloud server at
least once at the end of the day, and that would be available for
review. Thus, the quality of data will be ensured by the clearly
defined roles of the team members involved in the intervention,
appropriate resource allocation, and regular meetings with the
team members. A regular review process will be followed to
maintain quality assurance of the collected data, and at least
10% of the collected data will be cross-checked/verified by field
supervisors. Surgery-related data of the patients referred from
VCs would be extracted from the electronic medical records of
the secondary hospital. Data will be collated monthly as part of
routine program monitoring and independently audited. The
composition of the data-monitoring committee is provided as
Multimedia Appendix 3.

No adverse events for the screener or the participants undergoing
screening are anticipated, as services being provisioned are per
standard hospital protocols and no experimental treatment is
being given. Any complications in this scenario will be reported
and dealt with per standard hospital policies.

Data Analysis
The collected data will further be tabulated and analyzed by
each study arm: distance of the village, age, gender, eye issues,
visual acuity, compliance with treatment (medicine, surgery,
glasses), and revenue and expenditure of VCs. The difference
from baseline in the number of walk-in patients, referrals, uptake
of services, and costs involved in intervention will be analyzed.
The Z test for proportions will be performed to compare the
change in walk-in patients between the two arms. P<0.05 will
be considered statistically significant. Subgroup analysis with
respect to age and gender will also be carried out.

Cost-Effectiveness Analysis
Cost-effectiveness analysis and incremental cost-effectiveness
analysis will be performed, and the incremental cost for every
additional beneficiary attending the VC will be calculated. To
calculate the increase in the number of patients, the average
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number of patients visiting per day during the same months in
the previous year will be subtracted from the average in the
study period. A change in the control VCs, if any, will be further
deducted from this before using this as the denominator for
calculating cost-effectiveness.

Outcomes
The primary outcome for this study will be an increase in the
number of walk-in patients at the VCs from baseline (7-8
walk-in patients to 14 per day after the intervention period of
4 months). The secondary outcomes will be uptake of spectacles
and uptake of surgery among those advised. If the intervention
proves effective in terms of the number of people visiting the
VCs, cost-effectiveness will also be a secondary outcome.

Ethical Considerations
This study was approved by the institutional review board of
Dr. Shroff’s Charity Eye Hospital (IRB/2020/APR/54), has
been registered as a clinical trial (NCT04800718) [23], and will
follow the tenets laid out in the Declaration of Helsinki. Protocol
amendments will be shared with all relevant parties via email,
and approval will be sought again.

Data will be encrypted and kept confidential. These confidential
data will be anonymized, and personal data will only be visible
to those responsible for implementation. The final data set will
only be accessible to the research team. Trial results will be
disseminated via publication.

Results

Background work involved in planning the interventions and
selecting VCs has been completed. Participant recruitment has
begun and is currently in progress. We estimate the primary
completion date (ie, the date on which participant enrollment
ends) to be November 30, 2021, and the study completion date
to be December 30, 2021.

Discussion

Importance of Principle Findings
To the best of our knowledge, there is no previous study
assessing the impact of door-

to door intervention on the sustainability of VCs. VCs are
evolving as an important model for primary eye care [7,10,19].
Any such model needs to be sustainable for it to be universally
adopted. Uptake of glasses and uptake of surgery by patients
are the major contributors to the sustainability of these VCs
[24]. Both these parameters are dependent on the number of
patients visiting the VC, and that will be assessed in our study.

Addressing the Barriers to Uptake of Services
In their study describing barriers to the uptake of eye care
services among the rural population, Marmamula et al [17]

reported a lack of felt need as the most important person-related
barriers. Thus, when designing our intervention package, we
have included awareness generation as one of the key
components. Other barriers detected in that population are the
absence of someone to accompany, lack of accessibility, and
affordability. Taking the preliminary screening to people’s doors
in our intervention should manage, to some extent, the barriers
to accessibility and the absence of an accompanist. We have
also made the first examination at the VCs, free of cost for those
reporting after a preliminary screening.

Cost-Effectiveness of the Model
In addition to evaluating the effect on the number of patients
visiting the VCs, our study will provide evidence for the
cost-effectiveness of such an intervention. Although community
engagement has been established as an important element of
primary care [1], the evidence for the cost-effectiveness of a
door-to-door screening model will help in decision making
regarding the scalability of such an intervention.

Generalizability of the Results
In India, like in many low-to-middle-income countries, the
majority of the population resides in rural areas [25]. With an
unequal distribution of doctors, including ophthalmologists, in
rural locations [26], the need for primary care is greater there.
All the VCs included in our study belong to such locations;
thus, the learning can be used in other similar settings.

Limitations
Although we randomly selected the VCs from our two
operational regions, the fact that we operate only in North India
can be one limitation of our study. We had planned this study
before the COVID-19 pandemic, and even after reasonable
delay due to the unrelenting nature of the pandemic, we plan to
start this study during the ongoing pandemic. Due to this, the
target for the number of patients visiting the VCs has reduced.
Although the conditions may not be near normal during data
collection, we do not anticipate any difference in the way in
which the intervention and control VCs would be affected by
the prevalent conditions. Due to the nature of the intervention,
it is not possible to mask the personnel on ground, and this may
bring in some short-term behavior change, which may not be
sustained. Another limitation of our study would be the short
duration of data collection following the intervention. To analyze
the long-term impact of the intervention, another study will be
planned subsequently in case the results of this study show a
positive impact.

Conclusion
We believe our results will provide evidence for the impact of
the door-to-door screening model of community engagement,
on VC sustainability. The cost-effectiveness analysis would
help the community care organizations like us to decide the
feasibility and scalability of such an intervention.
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Abstract

Background: More than half of the women of reproductive age (aged 15-49 years) are anemic in India. The uptake of and
adherence to iron folic acid (IFA) supplements remain low despite sustained efforts to increase their use. With India’s burgeoning
digital environment, mobile phones offer a potential medium for increasing their uptake, especially when combined with interactive
voice messages that deliver entertaining stories infused with norms-based educational messages.

Objective: This study aims to investigate whether a norms-based entertainment education mobile health intervention can increase
self-efficacy for IFA adherence among women of reproductive age in Odisha, India.

Methods: Mobile reduction in anemia through normative innovations (mRANI) is a randomized 2-arm study that includes
assessments before and after the intervention. All study participants will be recruited from the intervention arm of the parent
reduction in anemia through normative innovations trial only. Although the usual practice is to randomize participants either to
a treatment arm or a usual care control arm, we will assign the mRANI control group to another entertainment education–based
treatment group that is designed to improve bystander intervention to reduce violence against women. Data collection for the
mRANI study is embedded in the parent trial and will include baseline and end line assessments. The primary outcomes are
self-efficacy for IFA adherence and violence against women–related bystander intervention. The inclusion criteria for the mRANI
study are participation in the parent trial and phone ownership. Women (approximately n=400) who meet the mRANI inclusion
criteria will be randomly assigned to the IFA arm or the bystander arm. Ordinary least squares regression with robust SEs will
be conducted to assess between-group comparisons at the end line. A mediation analysis will be conducted to examine whether
social norms and interactivity mediate the relationship between intervention exposure and primary outcomes in both arms.
Real-time monitoring data will offer insights into intervention receptivity and audience engagement.

Results: Data collection for the mRANI study is integrated within the parent trial. Household surveys were conducted between
February and March of 2021. Responses on the mRANI study’s primary and secondary outcomes were collected from 381
participants. The data analysis is expected to be completed by October 2021.

Conclusions: This study will provide evidence on whether a mobile health norms–based entertainment education intervention
can increase self-efficacy for IFA adherence and violence against women–related bystander intervention.

International Registered Report Identifier (IRRID): PRR1-10.2196/26252

(JMIR Res Protoc 2021;10(11):e26252)   doi:10.2196/26252
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Introduction

Endemic Anemia Among Women of Reproductive Age
More than half of the women of reproductive age (aged 15-49
years) in Odisha, India, are anemic [1]. Low dietary iron intake,
reduced iron absorption, and iron loss contribute to iron
deficiency among women of reproductive age [2]. Anemia
diminishes work productivity [3,4], increases the risk of adverse
birth outcomes [5], and hinders the healthy development of
children of pregnant mothers with anemia [6]. It is often not
explicitly identified by women, but they do report high levels
of fatigue [3]. The reduction in anemia through normative
innovations (RANI) project [2] investigates the potential of an
adaptive, multilevel social norms–based behavior change
intervention to reduce anemia among women of reproductive
age in Odisha.

The RANI project targets nonpregnant women who are currently
underserved by the government’s anemia reduction programs.
Various government initiatives in India (eg, National Nutritional
Anemia Control Program, National Iron Plus Initiative, and
Anemia Mukt Bharat) provide iron syrup to infants and iron
tablets to both adolescent girls in schools and pregnant women
linked with the health system. Non–school-going women of
reproductive age and those not pregnant are neglected in most

national and state programs, although they are listed as
government priority populations. Research on this group is also
scant: for example, the Indian National Family Health Survey
collects data only for pregnant women [1,7]. Adherence to the
recommended iron folic acid (IFA) regimen is low even among
pregnant women specifically targeted by various government
programs. The 2015-2016 National Family Health Survey found
that 91% of mothers reported receiving IFA supplements;
however, only 30.3% reported consuming them for ≥100 days
during pregnancy [1].

Considering these insights, the RANI project has adopted a
social norms–based approach for improving IFA uptake and
adherence. The strategy includes the following: (1) participatory
learning delivered through in-person activities and games; (2)
a series of tablet- and computer-based health communication
videos that target various audiences (pregnant women,
nonpregnant women, husbands, and mothers-in-law), followed
by discussion sessions; and (3) monthly community-based
testing of hemoglobin levels of 15 women in each village,
followed by a discussion about trends in anemia and
village-level comparisons (based on the hemoglobin readings)
with neighboring communities. A full protocol of the
intervention and evaluation design is published elsewhere [2],
as is the process used to develop the intervention from formative
evaluation findings (Table 1) [7].

Table 1. Intervention components, exposure, and sample size.

Sample size, nComponentsExposureGroup

2000None (usual care)Usual careRANIa control

1700Interactive learning sessions, RANI communication
videos, and hemoglobin testing

All RANI treatment componentsRANI treatment, not in

mRANIb

206All components in RANI treatment that are not in

mRANI+entertainment education story and mHealthe

anemia intervention

All RANI treatment components+entertainment

education and mRANI IFAd adherence arm

RANI treatment+mRANI

treatment (mIFAc)

205All components in RANI treatment, not in
mRANI+entertainment education story and mHealth
bystander intervention

All RANI treatment components+entertainment
education and mRANI bystander intervention arm

RANI treatment+mRANI

control (mBIf)

aRANI: reduction in anemia through normative innovations.
bmRANI: mobile reduction in anemia through normative innovations.
cmIFA: mobile iron folic acid.
dIFA: iron folic acid.
emHealth: mobile health.
fmBI: mobile bystander intervention.

Emergence of a Dual Burden of Anemia and Violence
Against Women
In the formative evaluation phase, the RANI project sought to
identify key issues faced by women in Odisha that would shed
light on their anemia-specific behaviors. A primary theme that
emerged was the role of gender norms, which illustrated the
multiple ways through which women experienced social,
structural, and individual-level disadvantages and barriers [7].
Unprompted by the research team, a key issue that respondents
brought up was the high level of violence against women in
their communities.

Violence against women is a global problem, with more than 1
in 3 women worldwide reporting physical or sexual violence
by an intimate partner or nonpartner [8-11]. This estimate
precludes violence against women that manifests in other forms,
such as gender-based household or familial violence and
maltreatment and emotional or economic domestic violence
[11-14]. Lived experiences of multiple forms of violence toward
women are especially egregious in India, where approximately
1 out of 2 women report having survived physical violence,
experienced psychological abuse, or experienced multiple forms
of violence [11-15]. Similarly, in rural Odisha, 2 out of 5 women
have reported various forms of violence directed toward them
[16]. Self-disclosure of violence to a friend or relative is far
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more commonplace (40%) than formal sources of support (7%)
[13,17]. Most occurrences of violence against women continue
to be undisclosed because of stigma and fear of reprisals [13,17].
Because of lax enforcement of extant laws, social and gender
norms appear to condone widespread violence toward women
[13,17-21]. As such, interventions that focus on societal and
collective transformation (eg, bystander interventions) by
influencing inequitable social and gender norms to reduce
violence against women are necessary [13,17-21]. Although the
RANI project was not explicitly funded to address this issue,
as we note in the section below, we have found a creative way
to incorporate it into our intervention design.

Mobile RANI: Bridging the Gap With Mobile Health
Infused With Entertainment Education
Recent years have seen tremendous growth in both the scope
and number of mobile health (mHealth) interventions
worldwide, especially in low-resource settings [22]. Many
mHealth programs have demonstrated potential for improving
a variety of health outcomes related to sexual and reproductive
health, maternal and child health, and medication adherence in
urban and rural settings in several countries in Asia [23-25] and
Africa [26]. However, a dearth of high-quality trials in
low-resource settings limits evidence of their efficacy, which
is a key barrier for institutional adoption and uptake of digital
health solutions [22,27].

India is one of the largest and fastest growing markets for
information and communication technologies, with 1.2 billion
phone and internet subscriptions, respectively [28]. To the best
of our knowledge, only 2 prior mHealth interventions have been
conducted to promote IFA adherence in India. They also focused
only on pregnant women with anemia, and thus, the vast
majority of women of reproductive age remained neglected
[29]. One of these efforts used personalized automated voice
calls from health care providers [29], whereas the other relied
on live calls [30]. Both studies not only demonstrated the
potential of using voice calls as a medium for promoting IFA
adherence but also highlighted a number of inherent challenges.
The most critical challenge faced by Pai et al [29] was the
inability to retain program participants, which led to
nonsignificant changes in IFA adherence despite a positive
trend. To maximize retention, they recommended increasing
participant involvement in addition to appealing to the listener’s
self-efficacy or perceived ability to adhere to IFA. Studies in
the field of behavior change have also shown the important role
that self-efficacy can play in predicting behaviors; people are
most likely to engage in a behavior when they feel confident
that they can do so in the face of barriers [31].

Following these recommendations, the mobile RANI (mRANI)
study will center its efforts on improving self-efficacy for IFA
adherence as one of its primary goals. We have powered our
mRANI study for this outcome as well. As described below,
the control arm for the mRANI study is another intervention
that focuses on reducing violence against women by promoting
bystander intervention, which also uses self-efficacy as its
outcome.

Conceptual Background
Our overall approach is anchored in the entertainment education
(EE) literature [32,33]. The idea behind an EE approach is that
when people are being entertained by media, their defenses
against persuasive attempts are significantly lower (than they
would be while viewing an appeal explicitly trying to change
their attitude or behavior). This provides interventions with an
entrée for embedding health-related information in the main
storyline. EE is rooted in an oral and performing arts tradition,
and its research and application have evolved in parallel with
the ongoing movement for digital innovation and social equity
and change [32,33]. It leverages the power of narratives and
storytelling to exact a transformative effect on its audiences
[34]. Interventions are most commonly delivered via soap operas
on television or radio, commercial music, and music videos.
Comic books, films, news media, radio talk shows, mobile vans,
and telephone hotlines also serve as supplementary channels
[33].

As the research and practice of EE has evolved, so has the
theoretical scholarship focused on understanding how it works
[34]. Scholars are expanding beyond individual factors, such
as the direct effects of role modeling or observational learning,
and turning their attention to the influence of social norms and
social consequences on EE effects [32,34-38]. On the basis of
empirical evidence, many such programs have successfully
transformed social norms related to tissue and organ donation
in Korea [34,35], gender norms related to sexual and
reproductive health in 6 states within India [36], and stigma
related to HIV/AIDS [35-38]. Building on the efficacy of these
prior studies, the mRANI study will run an EE mHealth program
delivered exclusively via mobile phones to shift social norms
related to IFA consumption and promote self-efficacy for IFA
adherence.

Another component of the intervention we explore in this study
is the role of interactivity in EE. We propose two competing
mechanisms of change that we will test in this project. On the
one hand, when the program promotes interactivity, user
engagement with the content is expected to increase [39], with
greater educational impact. On the other hand, interactivity can
serve as a distraction from full immersion in story content,
particularly when users are being entertained; this effect is more
pronounced among those whose cognitive capacity has been
compromised [40], as might be the case for people with anemia
[41].

Objective and Hypotheses
The objective of this study is to investigate the ability of a
norms-based EE mHealth intervention in increasing self-efficacy
for IFA adherence among women of reproductive age in Odisha,
India. Our hypothesis is that women in the intervention arm
will display greater positive improvements in self-efficacy, pre-
to postintervention, than women in the control arm.

In addition to testing this hypothesis, we will also ask questions
about the underlying process of change. In particular, our
secondary aims are two-fold: to determine (1) the extent to
which social norms and (2) interactivity mediate the relationship
between intervention exposure and study outcomes.
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Methods

Reciprocal Control Double Intervention Study Design
The mRANI study is a randomized 2-arm study that includes
assessments before and after the intervention. All study
participants are recruited only from the intervention arm of the
parent RANI trial (the trial itself has a usual care control group
and a social norms–based treatment group, see the study by
Yilma et al [2] for the study protocol). Hence, we will randomize
a subset of women in the parent intervention arm to either the
treatment or control arm of the mRANI study. This design
results in the following four groups: (1) the usual care control
group (from the parent study arm) in which no RANI activities
will occur, (2) the RANI intervention group not involved in the
mRANI trial, (3) the RANI intervention group in the mRANI
control arm, and (4) the RANI intervention group in the mRANI
treatment arm. This allocation and each group’s exposure to the
intervention components are shown in Table 1.

In this study, we introduce an innovative approach. Although
the usual practice is to randomize participants either to a
treatment arm or to a usual care control arm (this is also the
design of the parent RANI trial), we will assign the mRANI
control group to another EE-based treatment group designed to
improve bystander intervention to reduce violence against
women. We will call this the reciprocal control double treatment
(RCDT) design. In this RCDT design, the treatment group for
one intervention (mobile iron and folic adherence [mIFA] to
improve IFA consumption self-efficacy) will serve as the control
group for the other intervention (mobile bystander intervention
[mBI] to improve bystander intervention self-efficacy), and vice
versa.

The decision to center the second arm on bystander intervention
(as opposed to another health issue) was based on two
considerations. First, anemia and violence against women are
empirically unrelated [42], which provides independence
between the 2 arms. Second, violence against women is a
significant public health issue in Odisha [16]—an issue that
came up spontaneously in our formative assessment. Hence,
incorporating this issue as an alternative intervention arm in
our study seemed appropriate.

Taking this RCDT design into account, the hypothesis we
proposed earlier will be tested by comparing changes from
baseline to end line in self-efficacy to take IFA tablets in the
treatment arm with the corresponding change in bystander
self-efficacy to intervene in the control arm (and vice versa).

Study Setting
The RANI project is currently underway in 2 blocks
(administrative units below the district) in the Angul district of
Odisha, India [2]. Most of our residents (83%) live in rural areas
and are Hindu (94%) [43]. Anemia prevalence is higher among
women with less education and those who belong to scheduled
tribes [1]. Approximately two-thirds of women in Odisha are
literate [43]. Anemia prevalence (50%) for Angul is similar to
the state of Odisha and the overall countrywide anemia
prevalence [1]. Likewise, according to recent estimates from a
systematic review on violence against women in India, 30% of

women reported having experienced multiple forms of abuse
within the past year [11-15].

Development and Implementation of mRANI

Overview
The mRANI intervention was developed based on the literature
as well as quantitative analyses conducted using the RANI
study’s formative and baseline surveys. Using these data, we
developed a mobile ownership and user profile and identified
an optimal intervention delivery channel. We first conducted a
feasibility analysis to determine whether a phone-based
intervention would be viable in our study sites. Our data from
baseline assessments (n=1874) of the parent RANI trial revealed
that 43.97% (824/1874) of women owned mobile phones, and
42.63% (799/1874) of those who did not outright own a mobile
phone could borrow one from a close family member with
permission. Only 13.39% (250/1874) of our study participants
were classified as those without access to a mobile phone.
Accounting for these structural limitations, to be eligible for
the mRANI study, participants have to be mobile phone owners
with an active phone line.

We also conducted formative research in the form of qualitative
story testing to select an overall storyline for both arms. Once
the overall storyline was finalized, we developed subplots for
each arm, integrated them into the broader storyline, and
translated them into scripts. Finally, we conceptualized and
developed interactive components. Audio recording and
production of both EE) programs took place as a final step.
Multimedia Appendices 1 and 2 detail the methods for story
testing and the overall mRANI EE narrative.

EE Program Delivery
EE programs will be delivered with 13 episodes over 5 weeks,
each lasting approximately 3-5 minutes. A total of 3 new
episodes will be released every week. The exact day and time
of delivery will be personalized according to participant
preferences. Episodes will be delivered using an interactive
voice response (IVR) system that can provide individualized
messages to participants and interact with them through voice
recognition or a touch-tone keypad. Prior studies have
demonstrated the effectiveness of the IVR system in mHealth
interventions, especially in rural settings with populations with
limited educational and digital literacy [29,44,45]. Calls received
by participants will be free of cost.

Story Manipulations
The overall story was kept similar across both mRANI
arms—that is, the mIFA arm and the mBI arm. However, we
inserted messages about either taking IFA tablets (in the mIFA
arm) or intervening to prevent violence as a bystander (mBI
arm) at strategically chosen points in the storyline. Multimedia
Appendix 3 includes episode summaries for both arms that
convey how the broader storyline remained the same for the 2
arms whereas the subplots purposefully deviated to integrate
educational and theoretical concepts.

Interactive Components
Interactive components for the mRANI study have been
conceptualized at 3 levels: program-driven, audience-driven,
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and responsive interactions (Textbox 1). Program-driven
interactions are initiated by the mRANI team and take place
both before and during the intervention delivery. Examples of
program-driven orientations include program jingles, episode
teasers, and recaps. Audience-driven interactions are
functionally built into the IVR system, allowing mRANI
listeners to like and replay individual episodes. Finally,

responsive interactions played at the end of each episode are
also functionally built into the IVR system, allowing mRANI
listeners to respond to prerecorded quizzes and questions on
related prosocial themes, character identification, engagement
and satisfaction with the narrative, and agreement with major
plot points.

Textbox 1. Mobile reduction in anemia through normative innovations interactive components.

Program-driven interactions

• Entertainment education (EE) program release announcements

• EE program jingles

• EE program episode teasers

• EE program episode recaps

Audience-driven interactions

• Like or replay EE episodes on an interactive voice response system

• Call a mobile reduction in anemia through normative innovations hotline

Responsive interactions

• Quizzes and questions on the following:

• Topics related to prosocial themes

• Character identification

• Engagement with the narrative

• Agreement with major plot points

• Satisfaction with the narrative

• Perception of the most important problems in the village

Sample Size
We calculated the required sample size based on the findings
of Constantino et al [46] in which they observed an improvement
in self-efficacy in the treatment group (mean 3.30, SD 0.68)
that was higher than that in the control group (mean 2.89, SD
0.6; P<.001). On the basis of similar assumptions, with a power
of 0.8 and α of .05, our required sample size was 39 participants
in each arm, which was rounded up to 40. To account for the
subanalyses that we will conduct based on participants’ caste
(tribal, scheduled caste, and other), we increased the sample
size to 40×3=120 participants in each arm, for a total of 240
participants.

Inclusion Criteria
All women of reproductive age who meet the inclusion criteria
for the larger RANI trial will be eligible to participate in the
mRANI trial. For the parent RANI trial, inclusion criteria
included being a woman aged between 15 and 49 years, speaking
Odiya, and residing in our study sites. In addition, for the
mRANI trial subsample, we require participants to be mobile
phone owners with an active phone line. Before the start of the
study, data collectors tested the phone numbers provided by
participants to investigate which phone lines were still active.

Randomization
Upon confirmation of the operating phone numbers (n=411),
we listed eligible women in random order using a random
number generator. We selected every other woman, starting
with the first woman, for the IFA arm (206/411, 50.1%);
similarly, we selected every other woman, starting with the
second woman, for the violence against women arm (205/411,
49.9%).

Outcomes
The primary evaluation outcome for the mIFA arm is
self-efficacy for IFA adherence. IFA use and anemia among
women of reproductive age will also be measured as secondary
outcomes. The primary evaluation outcome for the mBI arm is
bystander self-efficacy in preventing violence against women.

Data Collection
The mRANI study data collection will be embedded within the
overall RANI trial, similar to its intervention delivery strategy.
Women between the ages of 15 and 49 years residing in
treatment (n=2061) and control (n=2049) clusters have been
recruited and randomly selected to participate in the impact
evaluation of the RANI project. Baseline survey of the RANI
participants took place in September 2019, and an end line
survey was scheduled to take place in February 2021. Baseline
data collection for the larger RANI project served as formative
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data toward developing the mRANI EE programs and
segmenting potential participants. The study team will conduct
the impact evaluation for the mRANI study using data from end
line assessments, controlling for baseline estimates.

The average time to complete a survey during the baseline and
midline data collection was 55 minutes for all RANI measures
and outcomes. The mRANI-specific modules take an average
of 15 minutes to complete. Translation and back translation of
the entire survey instrument, including mRANI-specific
modules, will be conducted to check the accuracy of the
questionnaire’s translation. Pretesting of mRANI-specific
modules will be conducted in nonsampled villages to ascertain
reliability and appropriateness in this intervention context. A
description of the data collection methods for the parent trial
can be found in the parent trial’s protocol [2].

Overall Measures

Demographics
We will collect demographic information from the RANI
sample, including age, education, number of children, and caste
or tribe membership.

mIFA Measures

Self-efficacy for IFA Adherence

Self-efficacy in adhering to an IFA regimen was conceptualized
as the extent to which women feel confident that they can
continuously take IFA when facing a number of relevant
barriers. At baseline, we asked the participants the extent to
which they agreed they (1) could take IFA every week when
not pregnant, (2) believed they could easily take IFA, (3) could
take IFA even if their husband or father does not want them to,
and (4) could take IFA even if their mother-in-law or mother
does not want them to. Responses were coded on a 5-point
Likert scale and averaged into a scale for self-efficacy for
adherence at baseline.

We will measure self-efficacy for adherence at the end line
using a modified scale that includes additional barriers for
adherence. Participants will be asked the extent to which they
are confident they (1) will continue to take IFA every day (for
pregnant women) and every week (for nonpregnant women),
(2) are anemic, (3) are not anemic, and (4) receive advice from
others to discontinue taking IFA. Barriers were identified during
the formative research phase of the RANI project [7]. Women
will also be asked the extent to which they are confident they
can take IFA every day if they are pregnant (or every week if
they are not pregnant), as these are the recommended doses for
this population. The four items will be answered on a 5-point
Likert scale, ranging from strongly disagree to strongly agree.
Scores will be averaged into a scale for self-efficacy to adhere
to IFA at the end line.

IFA-Related Social Norms
The RANI project operationalizes three forms of social norms:
descriptive, injunctive, and collective. This study conceptualizes
IFA-related descriptive norms as the extent to which women
believe others regularly consume IFA. At baseline, women were
asked, “what proportion of a) non-pregnant, b) pregnant and c)

adolescent girls take IFA regularly?” Responses were recorded
as none, some, about half, most, or all and averaged into a
three-item scale for descriptive norms related to IFA. Similar
questions will be asked at the end line. Women will also be
asked new descriptive norms questions at the end line related
to adherence: “How many a) non-pregnant, b) pregnant c)
adolescent girls do not miss a dose or two of IFA?” and “How
many a) non-pregnant, b) pregnant and c) adolescent girls
continue to take IFA even after missing a dose or two?”

IFA-related injunctive norms were conceptualized as the extent
to which women believe others expect them to consume IFA
regularly. At baseline, women were asked, “how many women
in your community think you should take IFA tablets regularly
if you are pregnant?” as well as if they are not pregnant.
Responses were recorded on the same scale as descriptive
norms, ranging from none to all. In addition, women were asked
the extent to which they agreed that their (1) mothers-in-law
(or mothers) and (2) husbands (or fathers) think they should
take IFA regularly if they are pregnant, as well as not pregnant.
Responses were recorded on a 5-point Likert scale ranging from
strongly disagree to strongly agree. All responses were averaged
into a 6-item scale for injunctive norms related to IFA use.
Similar measures will be collected at end line. Similar to
descriptive norms, women will also be asked new injunctive
norms questions at the end line relating to adherence. We will
ask women, “Do you agree that your a) mother-in-law (or
mother) and b) husband (or father) will think badly of you if
you miss a dose?”

Previous studies have conceptualized collective norms as the
prevalence of a focal behavior within a community [47], and it
has been operationalized as the mean of the behaviors of
everyone in one’s community except that of the referent person,
also called the nonself mean [48,49]. For the mIFA arm, we
will operationalize collective norms as the prevalence of nonself
mean of self-reported adherence to IFA supplements within a
cluster, weighted by the number of women in the cluster who
are also in the mRANI arm.

mBI Measures

Bystander Self-efficacy to Prevent Violence Against Women

This study conceptualizes bystander self-efficacy as the extent
to which women feel confident in their ability to intervene when
they witness another woman experiencing violence. At the end
line, we will ask women the degree to which they agree with 8
statements stating, “If I witness violence against a woman, I am
confident I could intervene by distracting (e.g. beating pots and
pans); delaying (e.g. checking in after witnessing violence with
the victim); delegating (e.g. seeking help from SHG group
members or influential community leaders); documenting the
violence (e.g. calling a hotline or recording on a cell phone) as
a bystander.” Responses will be scored on a 5-point Likert scale,
ranging from strongly disagree to strongly agree, and averaged
into an eight-item measure for bystander self-efficacy to prevent
violence against women.

Violence Against Women–Related Social Norms

Violence against women–related descriptive norms were
conceptualized as the extent to which women believe that others
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intervene when witnessing violence in their community. We
will measure descriptive norms by asking participants to report
how many women in their community and friends would
intervene if they saw a woman experiencing violence. Responses
will be recorded as none, some, about half, most, or all and
averaged across the two items.

Violence against women–related injunctive norms were
conceptualized as the extent to which women believe that others
expect them to intervene if they witness a woman experiencing
violence. This study will operationalize these injunctive norms
by asking participants the extent to which they agree with the
following statement: “If you saw a woman experiencing
violence, [referent] will expect you to intervene,” in which the
referent will be (1) most women in the community, (2) most
friends, and (3) most women in self-help groups. We will record
responses on a 5-point Likert scale ranging from strongly
disagree to strongly agree and average them across the two
items.

The operationalization of violence against women–related
collective norms will mirror the mIFA arm, except that we will

use intentions to engage in bystander intervention strategies in
lieu of behaviors [48,49]. As such, for the mBI arm, we will
operationalize collective norms as the prevalence of nonself
mean intentions to engage in bystander intervention strategies
within a cluster, weighted by the number of participants in the
cluster who are also in the mBI arm.

Process Evaluation
Prior EE interventions leveraging IVR systems have reported
success in their ability to facilitate and track audience
engagement in real time and at scale [50]. Following their lead,
monitoring of the mRANI intervention delivery and receptivity
will occur in real time. Textbox 2 summarizes process evaluation
measures and indicators for mRANI. Data on intervention dose,
audience attention and involvement or engagement, character
identification, narrative satisfaction and engagement, and
perception of the most important problem in their village at the
end of the EE program will be autogenerated by the IVR system
immediately upon episode release and delivery. Process
evaluation measures and indicators gauging recall and
interpersonal communication related to mRANI will also be
measured during the end line assessment.
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Textbox 2. Mobile reduction in anemia through normative innovations process evaluation indicators.

Dose

• Number of calls sent

• Number of calls received

• Number of entertainment education (EE) episodes heard in full by the mobile reduction in anemia through normative innovations (mRANI)
participants

Audience involvement or engagement

• Number of interactions with interactive components

• Number of likes on episodes

• Number of replays of episodes

• Number of calls and queries on the mRANI hotline

• Number of referrals to community and clinical linkages

Attention

• Number of seconds spent listening to episodes

• Number of seconds spent relistening to episodes

• Number of seconds spent listening to jingles

• Number of seconds spent listening to episode teasers

• Number of seconds spent listening to episode recaps

Recall

• Percentage of participants who accurately recall prosocial themes addressed in the episodes

• Percentage of participants who accurately recall mRANI characters

• Percentage of participants who accurately recall major mRANI plot points

Narrative satisfaction and engagement

• Percentage of participants engaged with the narrative

• Percentage of participants satisfied with the narrative

Character identification

• Percentage of participants who identify with Malati (protagonist) or Dolly (protagonist’s daughter)

Most important problem in the village

• Percentage of participants who identify anemia or violence against women (depending on their assignment) as the most important problem at
the end of the mRANI EE program

Ethical Considerations

Research Ethics Approval
The full RANI trial, including the mHealth intervention, has
been reviewed and approved by appropriate institutions in the
United States and India. These institutions include the George
Washington University institutional review board in the United
States; the Sigma Science and Research in New Delhi, India;
and the Indian Council for Medical Research’s Health Ministry’s
Screening Committee. The trial has also been registered with
the Clinical Trial Registry of India.

Participant Orientation, Consent, and Confidentiality
Participants will be contacted with preintervention delivery for
validation of phone numbers, followed by orientation and

enrollment. The orientation and enrollment activities will take
place a week before the mRANI intervention delivery
commences. A structured script will be prepared to orient
potential participants to mRANI and inform them of the
objectives and intervention delivery channel and duration. For
participants who express interest in enrolling in the mRANI
study, we will obtain verbal informed consent. Next, we will
note their preferences for the day and time to receive the mRANI
EE programs. Participants will also receive contact information
for additional questions and feedback.

Risk Mitigation Plan
Given the short duration and digital delivery format of this
intervention, we anticipate low levels of exposure to adverse
events for mRANI participants. In addition, considering that
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the mRANI educational messages are strategically masked
within an entertaining narrative tested in the field, we expect
minimal sensitivity and negative reactions from our audience
or their family members. However, the study team acknowledges
that violence against women is a sensitive subject matter in
Angul, Odisha. The mRANI study will adhere to the risk
mitigation plan in place for the larger RANI trial [2]. Enrolled
mRANI participant names and their data will be documented
in an encrypted file. To maintain confidentiality, only 1 team
member will have access to these data. To prevent unintended
consequences for potential mRANI participants, the study team
limited intervention delivery to women who are phone owners;
thus, they have more agency and privacy related to their phone
use. In addition, special consideration will be given to the
delivery of EE programs during the day and time selected by
the participant to ensure their privacy and security. The name
of the mRANI study will appear on the caller ID when delivering
new episodes so that participants and their family members will
not face ambiguity tied to the source of the EE programs.
Community and clinical referrals will be provided to participants
who call the mRANI hotline. Local experts and consultants will
triage requests beyond the scope and sphere of influence of the
mRANI study. Finally, participants will have the option to opt
out of mRANI EE programs at any time by contacting the
mRANI hotline or by pressing 0 on their phone.

Statistical Analysis
The primary analyses planned for the mRANI impact evaluation
will test the hypotheses that participants assigned to the
treatment arm will have higher levels of self-efficacy in IFA
adherence (primary end point) and self-reported IFA use
(secondary end point) at follow-up and that participants assigned
to the control arm will have higher levels of bystander
self-efficacy for prevention of violence against women. We will
test these three hypotheses in three ways. First, because
participants are randomized to treatment and control groups, a
simple comparison of those groups should produce an unbiased
estimate of the treatment effect. Therefore, we will estimate,
for each end point, the linear regression model Yij = b1 + b2 ×
TREATij + eij, where i indexes the individual participant, j
indexes the study cluster, and b2 is the treatment effect. We
will estimate this model by using ordinary least squares
regression but use robust standard errors to test the null
hypothesis (H0: b1=0) because of the nesting of participants in
study clusters.

Although these analyses should produce unbiased estimates of
treatment effects, they may miss key opportunities to increase
statistical power and precision through two analytic elaborations.
The first is to introduce cluster fixed effects to the model, which
effectively results in a within-cluster comparison of the
treatment and control group participants. As treatment
assignment is within clusters, cluster and treatment assignments
are orthogonal, so the addition of cluster fixed effects should
increase statistical power and precision by reducing the residual
error variance. In this case, the analytic model for each end
point will be Yij = aj + g1 × TREATij + eij, where aj is a vector
of cluster fixed effects, and g1 is the treatment effect. As with
the first modeling approach, we will estimate this model using

ordinary least squares; however, in this case, the inclusion of
cluster fixed effects obviates the need to use robust SEs.

Another opportunity to improve statistical power while retaining
unbiased estimation is to control for pretreatment variables that
are likely to be highly correlated with the primary and secondary
end points. These include measures of the same variables taken
before randomization: baseline and midline self-efficacy for
serum hemoglobin levels, IFA adherence, and IFA use. Note
that bystander self-efficacy for violence against women was not
measured at baseline or midline and thus cannot be included as
a covariate. In addition, sociodemographic variables assessed
at baseline and midline, such as age, education, and parity, can
also be considered for inclusion. We will choose covariates for
inclusion based on their marginal associations with each end
point. The resulting model for each end point will be Yij = aj
+ d1 × TREATij + Xij × h + eij, where aj is once again a vector
of cluster fixed effects, Xij is a vector of select control variables
assessed at baseline and midline, and d1 is the treatment effect.
As with the second modeling approach, we will estimate this
model using ordinary least squares with no need for robust SEs.

This approach will produce three estimates of the treatment
effect for each end point: b1, g1, and d1. All are unbiased, and
we expect them to be similar across the three specifications.
The main difference we expect would be in the SEs, which we
expect will be highest in the first and lowest in the third
specification. For transparency, we will report the estimates
from all three specifications for each end point.

To assess the extent to which social norms and interactivity
mediate the relationship between intervention exposure and
primary outcomes in both mIFA and mBI arms, we will use a
structural equation model to estimate the effects of the
intervention on the mediator variables, the effects of the
mediators on the 2 self-efficacy variables (IFA use and bystander
intervention), and the direct effect of the treatment arm on both
self-efficacy variables. From this model, we will estimate the
percentage of the intervention effect on each aspect of
self-efficacy mediated by each of the mediators [51]. All
analyses will be performed using Stata (StataCorp) for Windows,
version 14.2 [52].

Results

Data collection for the mRANI intervention is integrated within
the parent RANI trial. Household surveys collected responses
for the primary and secondary outcomes of the mRANI study
between February and March 2021. End line data were collected
from all 381 (192/381, 50.4% women in the IFA treatment arm
and 189/381, 49.6% women in the violence against women’s
control arm) study participants. Data analysis is expected to be
completed by October 2021.

Discussion

Principal Findings
The primary aims of the mRANI intervention are three-fold.
First, we wish to determine whether an intervention delivered
through a rather thin medium, an IVR channel, can propel
behavior change. By relying on a social norms–based theory
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[21,47,53] as the underlying conceptual guide and an EE theme
to capture listeners’ attention, we believe we can improve
participants’ self-efficacy. In resource-constrained settings,
where internet access is low, voice calls may be one of the most
effective ways to reach women [54-56]. As shown by our
mHealth user data, most women in these communities own
basic phones, and voice messages may be an efficient way to
reach them. This may be particularly true in these communities
and other rural areas in India, as our formative research showed
that women do all the household work and also often work
outside the home to earn money. Therefore, their time is limited,
and brief voice calls may be more convenient than in-person
meetings for social behavior change interventions.

The second aim of the study is to determine whether embedding
an mHealth trial within the intervention arm of a larger field
trial can further add to the effects of the parent trial. We will
use these data to inform the next iteration of the RANI
intervention. Finally, we also wish to determine whether the
reciprocal control double intervention design can yield
meaningful results.

This study does have a few noteworthy limitations. First, the
generalizability of our study is confined to women who are cell
phone owners. Although ownership is increasing rapidly in
India [28], only 43.97% of women in our sample are cell phone
owners. It may be that the factors limiting ownership (including
low socioeconomic status, being a member of a marginalized
group, and lack of power in interpersonal relationships) also
drive poor health. Study generalizability is also compromised
as those participating in the parent RANI trial (who form the
basis of our recruitment) may not be representative of the larger
population. Despite these limitations, we envision robust internal
validity, given the randomized nature and longitudinal
components of the study design.

Dissemination
In spring 2021, at the end of the RANI evaluation, we will hold
a virtual convening in Bhubaneswar, India (the capital of
Odisha), to present the mRANI findings along with the main
trial findings. We will invite key stakeholders from Angul, such
as district officials, program planners, researchers, and policy
makers working on anemia reduction efforts in Odisha. We will
also disseminate findings locally back to the communities where
the intervention will take place through smaller presentations
and dissemination materials.

Conclusions
To our knowledge, an mHealth intervention has not been used
to reduce anemia among nonpregnant women, the subpopulation
that makes up the largest number of women with anemia [1,29].
As anemia continues to affect women’s work productivity,
overall health, and the health of future generations, it is critical
to explore innovative ways to increase IFA use and reduce
anemia levels. If mRANI proves to be effective, other districts
and states within India and Southeast Asia may follow suit, thus
reducing the overall global burden of anemia among women.

Finally, although the inception of this mRANI intervention
predated the COVID-19 pandemic, the need to reach women
via mobile phones rather than in-person settings is critical now
more than ever. Given the uncertainty of when and how
in-person interventions will unfold, contactless interventions
are critical to be able to continue providing information to
communities staying home. Furthermore, violence against
women was rampant before the COVID-19 pandemic; however,
research shows that the incidence is rising worldwide and
specifically in India [57,58]. mRANI may provide an efficient,
cost-effective medium to reduce this incidence and change social
norms around bystander intervention against violence against
women.
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Abstract

Background: Magnetic resonance image–guided high-intensity–focused ultrasound (MR-HIFU) is a rather new, noninvasive
option for the treatment of uterine fibroids. It is safe, effective, and has a very short recovery time. However, a lack of prospectively
collected data on long-term (cost-)effectiveness of the MR-HIFU treatment compared with standard uterine fibroid care prevents
the MR-HIFU treatment from being reimbursed for this indication. Therefore, at this point, when conservative treatment for
uterine fibroid symptoms has failed or is not accepted by patients, standard care includes the more invasive treatments hysterectomy,
myomectomy, and uterine artery embolization (UAE). Primary outcomes of currently available data on MR-HIFU treatment
often consist of technical outcomes, instead of patient-centered outcomes such as quality of life (QoL), and do not include the
use of the latest equipment or most up-to-date treatment strategies. Moreover, data on cost-effectiveness are rare and seldom
include data on a societal level such as productivity loss or use of painkillers. Because of the lack of reimbursement, broad clinical
implementation has not taken place, nor is the proper role of MR-HIFU in uterine fibroid care sufficiently clear.

Objective: The objective of our study is to determine the long-term (cost-)effectiveness of MR-HIFU compared with standard
(minimally) invasive fibroid treatments.

Methods: The MYCHOICE study is a national, multicenter, open randomized controlled trial with randomization in a 2:1 ratio
to MR-HIFU or standard care including hysterectomy, myomectomy, and UAE. The sample size is 240 patients in total. Women
are included when they are 18 years or older, in premenopausal stage, diagnosed with symptomatic uterine fibroids, conservative
treatment has failed or is not accepted, and eligible for MR-HIFU. Primary outcomes of the study are QoL 24 months after
treatment and costs of treatment including direct health care costs, loss of productivity, and patient costs.
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Results: Inclusion for the MYCHOICE study started in November 2020 and enrollment will continue until 2024. Data collection
is expected to be completed in 2026.

Conclusions: By collecting data on the long-term (cost-)effectiveness of the MR-HIFU treatment in comparison to current
standard fibroid care, we provide currently unavailable evidence about the proper place of MR-HIFU in the fibroid treatment
spectrum. This will also facilitate reimbursement and inclusion of MR-HIFU in (inter)national uterine fibroid care guidelines.

Trial Registration: Netherlands Trial Register NL8863; https://www.trialregister.nl/trial/8863

International Registered Report Identifier (IRRID): DERR1-10.2196/29467

(JMIR Res Protoc 2021;10(11):e29467)   doi:10.2196/29467

KEYWORDS

high-intensity–focused ultrasound ablation; magnetic resonance imaging, interventional; leiomyoma; randomized controlled trial;
cost-effectiveness analysis; clinical trial protocol

Introduction

Fibroids are the most common benign gynecological tumors in
women of reproductive age, occurring in up to 70% of the
population. Approximately 25% of the uterine fibroids are
symptomatic [1]. Symptoms include abdominal pain, menstrual
disorders, lower urinary tract or bowel symptoms, and fertility
disorders [2]. On a global level, fibroids represent an enormous
economic burden to the health care system and costs can reach
as much as US $5.9-34.4 billion each year in the United States
[3]. Conservative treatment of fibroids fails in 50% of patients,
many of whom subsequently opt for surgical procedures [4].
Hysterectomy is currently the most common treatment for
symptomatic uterine fibroids, with millions of procedures
performed annually around the world [5]. However,
hysterectomies and myomectomies have a high risk of
complications, long recovery, and might compromise future
pregnancies [6], with the latter mainly due to peritoneal and
intrauterine adhesions, a high rate of abnormal placentation,
and fragility of myometrium as a result of myomectomy [7].
Furthermore, even a hysterectomy does not guarantee an
intervention-free life, mostly because of complications caused
by the operation itself [8]. This has led to a strong desire for
less invasive treatments [4].

Currently, uterine artery embolization (UAE) is the only
reimbursed minimally invasive treatment available in the
Netherlands. The general treatment results after UAE are 60%
fibroid volume reduction and on average 80%-90% patient
satisfaction [9]. Complications after UAE include nontarget
embolization, infection/septicemia and ovarian failure due to
impairment of ovarian blood flow, and infection leading to
fallopian tube damage with subsequent infertility [9,10].

Magnetic resonance image–guided high-intensity–focused
ultrasound (MR-HIFU) is a thermal ablation technique, which
enables noninvasive treatment of symptomatic uterine fibroids
by selective tissue heating [11]. The ultrasound transducer
produces convergent high-intensity ultrasound waves. The
targeted tissue absorbs the acoustic energy leading to a
temperature rise, which causes coagulative necrosis [12].
Magnetic resonance imaging (MRI) facilitates treatment
planning and real-time monitoring by temperature mapping
[13]. Directly after MR-HIFU, a contrast-enhanced MRI scan
can visualize the ablated tissue, referred to as the nonperfused

volume (NPV). NPV% (NPV divided by the initial fibroid
volume) is one of the commonly used parameters to indicate
technical treatment success [11].

When the MR-HIFU therapy of uterine fibroids was first
introduced in clinical practice, it was allowed to ablate only
33%, and later on 50%, of the uterine fibroid. However, it soon
became clear that clinical outcomes are closely related to high
NPV percentages. Therefore, nowadays full ablation protocols
are used [12,14]. In addition, better results and less adverse
events were seen when using the latest generation of treatment
devices [11]. Not all patients with symptomatic uterine fibroid
are eligible for MR-HIFU treatment due to either patient or
fibroid tissue characteristics, such as the number of fibroids or
the extent of vascularization of a fibroid and the possibility to
heat the tissue [15]. A wish to conceive is not a contraindication,
although data on pregnancy outcomes remain sparse [16,17].
Careful screening is in all cases recommended [18]. Hitherto,
only 5 studies were published on the cost-effectiveness of the
MR-HIFU uterine fibroid treatment [19-23]. All used outdated,
less effective MR-HIFU treatment protocols and costs of
sanitary products, over-the-counter remedies, and alternative
and complementary therapies were typically not taken into
account. Nevertheless, these cost-effectiveness studies still
concluded that MR-HIFU can be cost-effective at commonly
accepted willingness-to-pay thresholds [11].

At this point, phase 1, 2a, and 2b studies according to the Idea,
Development, Exploration, Assessment and Long-term study
(IDEAL) framework have been completed in numerous sites
all over the world [24], confirming safety and short- to
middle-term technical and clinical outcomes. Conversely, no
(non)randomized controlled trials are available in which
MR-HIFU is directly compared with the current standard of
care, and in which the full ablation protocol or the latest version
of the MR-HIFU equipment was used. For example, in a
comprehensive cohort trial comparing MR-HIFU with UAE,
lower reintervention rates and greater improvement in symptoms
were observed after UAE [25]. However, these results could be
explained by impairment of ovarian reserve at follow-up in the
UAE group and the use of outdated MR-HIFU equipment, which
resulted in a rather low average NPV of 42.9% after treatment.
With regard to follow-up, only 2 single-arm studies [26,27]
with a follow-up of more than 12 months and using a full
ablation protocol have been performed until now [11].
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Because of the lack of randomized controlled trials (RCTs) that
established long-term treatment outcomes and cost-effectiveness
of MR-HIFU using an unrestricted, full ablation protocol and
the latest equipment, we are now embarking on phase 3 of the
IDEAL framework and will perform a randomized controlled
(cost-)effectiveness study with a long-term follow-up.

The primary aim of this MYCHOICE study is to compare
quality of life (QoL) at 24 months after MR-HIFU with QoL
24 months after standard fibroid care, which consists of
hysterectomy, myomectomy, and UAE. Furthermore, we aim
to determine the long-term cost-effectiveness of MR-HIFU
compared with standard (minimally) invasive fibroid care. We
expect that QoL after MR-HIFU is noninferior to QoL after
standard care and that MR-HIFU is cost-effective compared
with standard care.

Methods

This protocol was developed according to the Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT)
2013 statement [28].

Study Design and Setting
The MYCHOICE study (MYoma treatment Comparison study:
High-intensity image–guided fOcused ultrasound versus
standard [minimally] Invasive fibroid care—a
(Cost-)Effectiveness analysis; Netherlands Trial Register
NL8863) is designed as an open, national, multicenter, RCT.
By including both academic and nonacademic centers as
participating hospitals in the MYCHOICE study, high volume
and expertise are warranted. Participating hospitals provide a
representative geographic spread across the country. All
participating hospitals are specialized uterine fibroid centers
and perform standard (minimally) invasive fibroid care. The

MR-HIFU treatment will, however, be performed in the only 2
hospitals in the Netherlands that offer MR-HIFU treatment
(Isala Zwolle and University Medical Center Utrecht) in addition
to standard uterine fibroid care.

Study Population and Eligibility

Overview
Our study population consists of women in the premenopausal
phase visiting the gynecological outpatient clinic with symptoms
caused by uterine fibroids. Symptoms of fibroids may comprise
heavy menstrual bleeding and bulk symptoms such as pelvic
pressure, micturition/defecation problems, or pain symptoms.
A combination of several symptoms or a single symptom will
be equally qualified as “symptomatic.” To optimize external
validity of our study results, the inclusion and exclusion criteria
defined in this study (Textbox 1) are similar to the inclusion
and exclusion criteria applied for MR-HIFU in clinical practice.
However, 2 exceptions are made. Women need to be motivated
to undergo 1 of the 3 treatments in the control group, in case of
being randomized to the control group, before participating in
the MYCHOICE study. Furthermore, a wish to conceive within
1 year after inclusion is a reason to be not eligible for
participating, because there is not yet a consensus about the
standard of care for these women. Women without an active
child wish but for whom a pregnancy in the future is not ruled
out can be included in the study.

The MYCHOICE study procedure consists of several steps
(Figure 1).

The eligibility procedure for this study consists of 2 screening
phases. Only women that are considered eligible for participating
in the study based on these 2 screening phases will be
randomized.
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Textbox 1. Inclusion criteria for participation in the MYCHOICE (MYoma treatment Comparison study: High-intensity image–guided fOcused ultrasound
versus standard [minimally] Invasive fibroid care—a [Cost] Effectiveness analysis) study.

Inclusion criteria

• Symptomatic fibroids warranting (minimally) invasive treatment, that is, either hysterectomy, myomectomy, or uterine artery embolization

• Conservative treatment failed or not accepted

• Premenopausal

• Age ≥18 years

• Eligible for magnetic resonance image–guided high-intensity focused ultrasound (MR-HIFU) treatment.

Exclusion criteria

• Asymptomatic fibroids

• Postmenopausal

• BMI of ≥35 kg/m2 or abdominal subcutis ≥4 cm or both

• More than 5 uterine fibroids unless 1 or 2 fibroids causing the symptoms can be clearly identified

• Magnetic resonance imaging contraindications or contrast allergy

• Current pregnancy

• A wish to conceive within 1 year after inclusion

• Suspicion of malignancy

• Dominant adenomyosis, defined as more volume of adenomyosis rather than fibroids

• Not willing to accept pretreatment with leuprorelin before MR-HIFU in case of a uterine fibroid with a diameter >10 cm or classified as Funaki
3

• Not willing to remove an interfering intrauterine contraception device prior to MR-HIFU

• Not eligible for MR-HIFU as determined by the multidisciplinary MR-HIFU team in Isala based on a screening magnetic resonance imaging:

• Uterine fibroid(s) either submucosal or subserosal stalked or with a diameter <2 cm

• Fibroids suitable for hysteroscopical removal

• Distance of abdominal wall to the dorsal side of uterine fibroids expected to be >12 cm even after the use of manipulation techniques

• Calcified uterine fibroids or fibroids without contrast enhancement
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Figure 1. Flow diagram of the MYCHOICE procedure. MR-HIFU: magnetic resonance image–guided high-intensity focused ultrasound; MRI: magnetic
resonance imaging; MYCHOICE: MYoma treatment Comparison study: High-intensity image–guided fOcused ultrasound versus standard (minimally)
Invasive fibroid care—a (Cost-)Effectiveness analysis.

Phase 1 of the Screening Procedure
Patients presenting with uterine fibroid–related symptoms at
the Department of Gynecology of the participating centers will
undergo standard consultation, physical examination, and
vaginal ultrasonography. The patient is briefly informed about
the study when she appears to be eligible for participation in
the study based on the physical examination and the vaginal
ultrasonography (step 1 in Figure 1). In case the patient is
interested in participating in the study, an appointment with a
member of the research team or local research nurse will be
made and the patient will receive more detailed study
information to read at home (step 2 in Figure 1). In case a patient
does not want to participate, the gynecologist asks the patient
if she is willing to disclose the reason for not participating.
During the appointment with a member of the research team or
local research nurse, additional counseling will take place.

Phase 2 of the Screening Procedure
Once the patient has signed the informed consent form, a
screening MRI scan according to a predefined protocol will be
planned in the local hospital (step 3 in Figure 1).

Final eligibility of the patients of all participating centers will
be determined by the multidisciplinary MR-HIFU team in the
coordinating center based on the screening MRI scan and the
inclusion and exclusion criteria (step 4 in Figure 1). These
meetings will be accessible to members of the other participating
hospitals. By performing central screening, a bias caused by

differences per site is minimized and eligibility for MR-HIFU
is secured.

Intervention

Pretreatment
The participant’s gynecologist and general practitioner are
informed about the outcome of the eligibility assessment and,
if the patient is considered eligible, the randomization outcome
(step 5 in Figure 1). Subsequently, the gynecologist will inform
the patient about the outcome and baseline data will be collected
by a member of the research team or the local research nurse
and entered into the electronic case report form (Research
Manager). In case a patient is randomized to the MR-HIFU
treatment arm, she will be referred to an MR-HIFU performing
hospital if her hospital is not 1 of the 2 hospitals in which the
MR-HIFU treatment is performed. In case she is randomized
to the standard care treatment arm, she can be treated in her
own hospital.

MR-HIFU
MR-HIFU will be performed by well-trained and experienced
radiologists using the latest version of the CE-marked Sonalleve
MR-HIFU platform (Profound Medical Inc.) integrated into a
1.5-T MR-scanner (Achieva; Philips Healthcare) using a full
ablation protocol. A uniform treatment protocol will be used in
accordance with the manufacturer’s guidelines on the use of the
device and the latest insights in the field of MR-HIFU treatment
of uterine fibroids. Six months after treatment, a follow-up MRI
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scan will be performed before the follow-up appointment at the
gynecologist (step 10 in Figure 1).

Control Group
The care as usual group will be offered surgery or UAE. Surgery
will be either hysterectomy or myomectomy. Both
hysterectomies and myomectomies can be performed by
laparoscopy or laparotomy depending on the size and location
of the fibroids. Participants allocated to the control group can
decide together with their gynecologist which of the (minimally)
invasive treatments they wish to undergo. All of the usual care
treatments are performed extensively at the participating centers
and will be performed according to national guidelines and local
protocols. Surgery is preceded by a preoperative screening for
anesthetic risk assessment. Depending on the modus of the
hysterectomy or myomectomy, patients will be hospitalized for
a minimum of 1-3 nights. UAE will be performed by
well-trained and experienced radiologists. UAE can be either
unilateral or bilateral. The patient usually has to stay in the
hospital for 1-3 nights for careful pain monitoring after the

procedure. Six weeks after all usual care treatments, a follow-up
appointment at the gynecology department will be scheduled.

Use of Co-interventions
All included treatments aim for complete symptom reduction;
however, clinical practice shows that additional treatment can
be necessary during, for example, menstruation. Women can
choose to use additional over-the-counter pain medication or
prescribed medication such as oral contraception pills or
antifibrinolytic drugs. These pills can influence symptom
severity (both bleeding and pain). Therefore, data on the use of
this medication are collected at both baseline and follow-up as
part of the patient characteristics and medical consumption
questionnaires.

Data Collection
Data collection will take place before treatment, and at 3, 6, 12,
and 24 months after treatment by questionnaires. Furthermore,
baseline data of patient and treatment costs will be collected
before treatment and after data lock-in (Table 1).

Table 1. Timeline of data collection.

Data lock-in24 months12 months6 months3 monthsTreatmentBaselineData

XInformed consent

XPatient characteristicsa

XXPregnancy outcomesb

XXXXXUFS-QoLb,c

XXXXXEQ-5D-5Lb,d

XOnset of menopauseb

XXXXX(Time to) reinterventiona

XXXXXAdverse events/complicationsa

XXXXXPREMb,e

XXXRecovery timea

XXXXXMedical Consumption Questionnaireb,f

XXXXXProductivity Costs Questionnaireb,f

XCosts of treatmenta

XReason for not participatinga,g

aRetrieved from questionnaires and medical record.
bRetrieved from questionnaires solely.
cUFS-QoL: Uterine Fibroid Symptom and Quality of Life questionnaire.
dEQ-5D-5L: 5-level version of the EuroQoL Questionnaire.
ePREM: patient-reported experience measurement
fUsed for the cost-effectiveness analysis.
gData collected by the gynecologist in case of not willing to participate.
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Outcomes

Primary Outcomes
In the MYCHOICE study, primary outcomes include (1) QoL
at the follow-up time point of 24 months after treatment and (2)
cost-effectiveness of MR-HIFU.

QoL is commonly measured with the validated Uterine Fibroid
Symptom and Quality of Life questionnaire (UFS-QoL) [29].
This questionnaire consists of 2 parts: 8 symptom questions and
29 questions concerning health-related QoL with 6 subscales.
The 8 symptom severity questions concern duration, frequency
and severity of menstruation, urination pattern, tightness or
pressure in the pelvic area, and fatigue. The 6 subscales of the
HR QoL part of the questionnaire are concern, activities,
energy/mood, control, self-consciousness, and sexual function.
All items are scored on a 5-point Likert scale. Both internal
consistency reliability (subscale Cronbach α=.83-.95, overall
health-related QoL score α=.97) and test–retest reliability
(intraclass correlation coefficients 0.76–0.93) of this
questionnaire were shown to be adequate. Moreover, the
UFS-QoL has an excellent construct and discriminative validity
[29]. From the symptom-specific part of the questionnaire, a
symptom severity score (SSS; range 0-100, with higher scores
indicating more [severe] symptoms) can be calculated. Because
symptom reduction is the main aim of all uterine fibroid
treatments, we define QoL at the follow-up time point of 24
months as a change in reported symptom severity compared
with baseline.

The cost-effectiveness analysis will be performed from a societal
perspective. Cost-effectiveness will be reported as incremental
cost-effectiveness ratio, that is, the ratio between the expected
difference in cost and the expected difference in effect (clinical
effect or utility [quality-adjusted life year] and net [monetary]
benefit). Cost-effectiveness acceptability curves will be
presented to summarize the impact of uncertainty on the result
of the economic evaluation.

The Dutch value set will be applied to the 5-level version of the
EuroQoL questionnaire (EQ-5D-5L) to produce quality-adjusted
life year values [30].

We consider 4 cost categories: (1) direct medical in-hospital
costs (eg, preprocedural costs, in-hospital costs related to the
intervention, any additional in-hospital medical costs during
follow-up); (2) direct medical out-of-hospital costs (eg,
unscheduled general practitioner visits and use of medication
out of hospital); (3) direct nonmedical costs (patient expenses
such as travel costs and sanitary measures); and (4) indirect
costs (productivity-related costs due to absence from work)
[31].

The unit costs of direct medical in-hospital cost volumes will
be based on Dutch guidelines for economic evaluations. The
cost volumes of MR-HIFU, UAE, myomectomy, and
hysterectomy are based on detailed microcosting by using data
recorded in the case record forms and patient records in all
participating hospitals. The cost volumes related to
complications will be recorded prospectively in the case record
form (eg, type of complication, unscheduled outpatient visit,
subsequent diagnostic and therapeutic measures). All

interventions include 1 follow-up by phone (at 1 week after
primary intervention; Figure 1). In case of an UAE,
myomectomy, and hysterectomy, 1 follow-up visit at the
outpatient gynecology department will be planned at 6 weeks
after the primary intervention; in case of MR-HIFU at 3 and 6
months, a follow-up appointment at the gynecology department
will take place, at 6 months combined with an MRI scan. This
will be considered standard care, and will therefore be included
in our cost analysis. Any further follow-up visits conducted for
study purposes will be excluded from our analysis unless these
are unscheduled follow-up visits for medical problems related
to the primary intervention.

The unit costs of direct medical out-of-hospital costs, direct
nonmedical costs, and indirect costs will also be based on Dutch
guidelines for cost calculations in health care. The following
altered patient questionnaires will be used: iMTA Productivity
Cost Questionnaire (iPCQ) and iMTA Medical Consumption
Questionnaire (iMCQ). The iPCQ questionnaire is a short
generic measurement instrument on the impact of disease on
the ability of a person to perform work. It also contains questions
about absence from unpaid labor. This questionnaire is a generic
instrument for measuring medical costs, including questions
related to frequently occurring contacts with health care
providers. All questionnaires will be sent by email or post
according to the preference of the participant at baseline and at
3, 6, 12, and 24 months after treatment (Table 1). Patients will
receive an automatic reminder by email. Indirect costs due to
absence from work will be estimated as the actual working time
lost (hours) multiplied by the average net income according to
the friction cost method.

A decision analytic model with lifetime horizon will be
developed by combining costs and effects. Complete uncertainty
analyses (deterministic and probabilistic sensitivity analyses)
will be performed.

In addition, a budget impact model will be constructed, taking
the (gradual) implementation of MR-HIFU over time, the initial
investments, and the savings into account that were shown to
be realistic in the trial. The model will use different perspectives:
(1) The net Dutch Budgetary Framework for Healthcare
(Budgettair Kader Zorg) perspective; and (2) health
insurance/third-party payer perspective.

The budget impact model is performed through modeling and
analyzed in a probabilistic way.

Because MR-HIFU is an outpatient treatment with a fast(er)
recovery, it is expected to be cheaper than the current standard
(minimally) invasive treatments, especially from a societal
perspective.

Secondary Outcomes
Data on several secondary outcomes will be collected (Table
2). These include adverse events and complications during
treatment and recovery, cost-effectiveness–relevant outcomes
such as hospital stay duration and use of (co)medication,
patient-reported experiences, reintervention rate in case a
uterine-sparing treatment was performed, reproductive outcomes
when applicable, and technical outcomes after MR-HIFU, such
as NPV reached.
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Table 2. Secondary outcomes of the MYCHOICEa study, including measurement tool and statistical analyses.

Statistical analysesMeasurementDescriptionOutcome

The time course of the change in health-related
quality of life after treatment will be analyzed

UFS-QoLc questionnaire and EQ-5D-

5Ld questionnaire.

QoL is expected to be negatively
correlated with symptom severity.
When symptoms decrease, the QoL
is expected to improve.

QoLb parameters

using longitudinal covariance analysis similar

to the analysis of the change in SSSe.

Adverse events are analyzed using descriptive
statistics. Adverse events per treatment group

Adverse events will be classified ac-
cording to the classification of surgi-
cal complications [32].

The nature of adverse events and
complications of the 2 treatment arms
are expected to differ.

Adverse events and
complications

and treatment will be presented with their occur-
rence rate.

The average length of the hospital stay will be
reported as mean (SD) or median (interquartile
range).

Length of hospital stay will be collect-
ed from the patient hospital file.

Reduced hospital stay is beneficial in
terms of health care costs and is also
considered as a great advantage by
patients.

Length of hospital
stay

The numerical rating score is considered to be
a semicontinuous measure (range 0-10: higher

Periprocedural and postprocedural
pain will be measured on a numerical

Pain perception may influence treat-
ment experience and therefore satis-
faction with the treatment.

Periprocedural and
postprocedural pain

score represents more pain). Pain experienced
will be reported as mean (SD) or median in-
terquartile range.

rating scale from 0 to 10 in the 3
months’follow-up questionnaire. Pain
complaints at 3, 6, 12, and 24 months
after treatment will be registered by
the amount and duration of pain
killers used.

The PREM score is scored on a 5-point Likert
scale: higher score represents better experience.

The PREM consists of a concise set
of statements about the experience of

Because a randomized controlled trial
will be performed, satisfaction with

Patient-reported sat-
isfaction with treat-

Whether there is a difference in PREM outcomethe patients with the treatment andtreatment might be affected by notment and treatment

preference (PREMf) between the 2 treatment arms is determined by
linear regression analysis.

whether they would recommend the
treatment to a friend. In addition, the
preference will be registered for a

being allocated to preferred treatment.
Furthermore, we expect women de-
clining participation because of the
randomization aspect of the trial. particular treatment of potential par-

ticipants before randomization.
Women who decline participation in
the study will also be asked if they
are willing to disclose their reasons
for declining.

The number of women taking medication to
suppress fibroid-related symptoms is measured

Data on any prescribed or over-the-
counter medication taken to reduce

Women (still) experiencing symptoms
after treatment may take or may start

(Co)medication

at baseline and 3, 6, 12, and 24 months afterfibroid symptoms as reported by theto take medication to relieve these
treatment. The absolute numbers and percentagepatient will be collected via the ques-symptoms. Medication might also be
of women taking comedication per group per
time point will be presented.

tionnaires at baseline, 3, 6, 12, and 24
months after treatment.

used as contraceptive and to mask
possible fibroid-related symptoms at
the same time.

The reintervention rate at the follow-up time

point of 24 months after MR-HIFUg is presented

Occurrence and type of reintervention
are collected via both electronic pa-
tient file and questionnaires at 3-, 6-,
12-, and 24-month follow-up.

A reintervention is defined as an addi-
tional intervention due to persisting
or recurring symptoms of the treated
fibroid or due to complications of the
initial fibroid treatment.

Reintervention rate
and time to reinter-
vention as percentage reinterventions with its 95% CI.

Reintervention rate will be presented per treat-
ment arm but also per treatment. To investigate
whether the time to reintervention differs be-
tween the 2 treatment arms, Cox proportional
hazards analysis will be used.

The absolute numbers and percentage of post-
menopausal women per group and treatment will
be presented.

Onset of menopause is defined as 1
year without menstrual bleeding and
measured by a questionnaire at the
24-month follow-up.

Uterine fibroid symptoms diminish
after menopause along with fibroid-
related symptoms. Because this may
affect symptom reduction, QoL, and
the possible need for a reintervention,

Onset of menopause
after uterus-saving
treatments

the menopausal state of the partici-
pants will be determined.

Reproductive outcomes will be presented per
uterus-saving group using absolute numbers and
percentage.

Reproductive outcomes will be collect-
ed of all women that underwent a
uterus-saving treatment by a question-
naire at 24-month follow-up.

Only women with an active wish to
conceive within 1 year after treatment
will be excluded from this study.
Thus, some women may get pregnant
after the uterus-saving treatment.

Reproductive out-
comes after uterus-
saving treatments

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e29467 | p.176https://www.researchprotocols.org/2021/11/e29467
(page number not for citation purposes)

Anneveldt et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Statistical analysesMeasurementDescriptionOutcome

We will investigate whether technical success
(NPV% [NPV/initial volume of the fibroid] or
fibroid shrinkage) is associated with (long-term)
effectiveness using regression analysis.

NPV% will be measured on an MRI
scan performed directly after treat-
ment. Fibroid shrinkage will be mea-
sured by comparing volume measured
on 6 months’ follow-up MRI scan
with pretreatment volume.

Technical success of MR-HIFU is
commonly presented as NPV percent-
age directly after treatment or fibroid
shrinkage 6 months after treatment,

as determined on an MRIi scan.

NPVh and fibroid
shrinkage after MR-
HIFU treatment

In case necessary, multilevel analysis will be
used to correct for differences between centers.
Multivariate analysis will be performed for
symptom reduction, QoL improvement, and
reintervention correcting for comedication or
menopause as possible confounder. In addition,
we will investigate whether certain baseline
characteristics such as age, BMI, number of
uterine fibroids, and target fibroid size are asso-
ciated with symptom reduction and reinterven-
tion using linear, logistic, and Cox regression
analysis.

Data analysis will be stratified by
center to check for differences in re-
sults between centers.

Several patient characteristics are
collected from the medical record of
the patients and from the baseline
questionnaire such as age, amount and
size of fibroids, location of fibroid,
position of uterus, duration of treat-
ment, ethnicity, parity, height, weight,
relevant medical, and medical history.

Other study parame-
ters

aMYCHOICE: MYoma treatment Comparison study: High-intensity image–guided fOcused ultrasound versus standard (minimally) Invasive fibroid
care—a (Cost-)Effectiveness analysis.
bQoL: quality of life.
cUFS-QoL: Uterine Fibroid Symptom and Quality of Life questionnaire.
dEQ-5D-5L: 5-level version of the EuroQoL questionnaire.
eSSS: symptom severity score.
fPREM: patient-reported experience measurement.
gMR-HIFU: magnetic resonance image–guided high-intensity focused ultrasound.
hNPV: nonperfused volume.
iMRI: magnetic resonance imaging.

Sample Size
The MYCHOICE study is a noninferiority trial for which we
hypothesize that MR-HIFU is noninferior to the group of
standard (minimally) invasive treatments, accepted by a ≤15
points difference in symptom reduction at 24 months’ follow-up
as determined with the SSS (range 0-100 points) part of the
UFS-QoL questionnaire. We expect that women participating
in this trial have a slight preference for the noninvasive
MR-HIFU treatment. We therefore choose to use an unbalanced
design in which participants are allocated to the intervention or
usual care group at a 2:1 ratio, resulting in a larger sample size
in the MR-HIFU treatment group. With a larger sample size of
the MR-HIFU treatment group, we will be able to gather more
data on this new treatment while the effectiveness of standard
care is already much better documented. Randomization,
stratified by center, will be performed using a
computer-generated randomization system, which randomly
selects block sizes of 3, 6, or 9. Previous studies concerning
(minimally) invasive treatments were performed with women
with an average baseline UFS-QoL SSS of 55-65 points [33].
Treatment initiated a decrease of 30-47 points on SSS 12 months
after these combined treatments. Hitherto, there are 2 MR-HIFU
studies published that used a full ablation protocol, had the same
12-month follow-up period as the studies on (minimally)
invasive treatments, and in which women participated with a
baseline UFS-QoL SSS of 55-65 points. These women showed
an SSS reduction of 30-40 points at follow-up [34,35]. In our
study population we expect comparable baseline SSS in the
MR-HIFU and standard care group. However, because

hysterectomy results in a somewhat higher SSS reduction than
the uterus-saving treatments, we assume in our power calculation
an a priori 5-point delta between both the MR-HIFU and
standard care group in favor of the standard care group. Using
a noninferiority margin of 15 points with α (1-sided)=0.025,
β=.1, and an SD of 20 points, we estimate that 192 participants
(128 patients in the MR-HIFU treatment group and 64 patients
in the [minimally] invasive treatment group) will be required
to test noninferiority of MR-HIFU. Anticipating a 20% loss to
follow-up, we need to include 160 patients in the MR-HIFU
group and 80 patients in the (minimally) invasive treatment
group. The noninferiority margin and the SD of 20 points were
determined in consultation with the Dutch Society for Obstetrics
and Gynecology and were similar to the noninferiority margin
used in the MYOMEX-2 study [36].

Recruitment
In all participating hospitals, patients will be recruited during
a visit at the gynecologist. Furthermore, a study website is
created to inform patients from all over the country, providing
information and contact details to directly contact the study
team. By promoting this website among general practitioners,
gynecologists, and potential participants, we expect women
with an interest in MR-HIFU to become acquainted with our
study. Because MR-HIFU treatment for uterine fibroids is not
reimbursed in the Netherlands, participating in the MYCHOICE
study is the only possibility for women to undergo MR-HIFU
treatment.
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Statistical Methods
In this study, data will initially be analyzed on an
intention-to-treat-basis (including treatment failures) but a
per-protocol analysis will also be performed. QoL at the
follow-up time point of 24 months after treatment is determined
as a change in SSS between baseline and 24 months’ follow-up.
The difference between the symptom reduction after MR-HIFU
and standard (minimally) invasive fibroid care including 97.5%
CI is determined using linear regression analysis with a
correction for baseline SSS. Although symptom reduction 24
months after MR-HIFU will be expected to be noninferior to
standard (minimally) invasive fibroid care, the time course of
symptom reduction may differ between the 2 treatment arms.
This will be investigated with longitudinal covariance analysis.
A faster symptom reduction in the usual care arm may be caused
by a faster symptom reduction after hysterectomy. Therefore,
a subgroup analysis in which the individual treatments are
compared will be performed.

Patients can leave the study at any time for any reason if they
wish to do so, without any consequences. In case they decide
to withdraw before treatment or within the first 3-month
follow-up, they will be included in the database, but an
additional patient will be included to achieve the required sample
size and reach primary outcome. In case patients withdraw after
the 3-month follow-up, they are considered nonresponders. As
much precautions as possible will be taken to prevent missing
data. However, missing values are expected to occur in our trial
due to technical failures and loss to follow-up. In case missing
data reach 5%, additional analyzes will be performed to identify
a plausible assumption, that is, missing not at random, missing
at random, or missing completely at random. Subsequently, an
analysis method that is valid under that assumption will be used.

Data Monitoring
No data monitoring committee will be installed because the
risks of participation in this study is categorized as
insignificantly low. A data management plan is developed,
detailing data management procedures, data standards, minimal
data set requirements, and protocols (Isala Institutional Research
Board). Data are collected in an online data management
platform (Research Manager). Data will be securely stored for
at least 15 years, according to hospital Institutional Research
Board storage protocols. The study sponsor will be in charge
of overseeing data management and access procedures. The
Research Manager software will assign a “study ID.” The
reference between the study ID and the hospital patient number
is listed in the patient identification log. The patient
identification log will only be accessible by authorized
personnel. Each electronic case report form will be completed
on-site by the investigator or an authorized staff member. All
imaging data will be stored on location but transferred in
preparation of the multidisciplinary meeting. After the
multidisciplinary meeting these data will be destroyed for
privacy reasons. All individual patient data records will be
collected on a confidential basis and according to the applicable
national data protection, privacy, and secrecy laws.

Safety Reporting
Adverse events are defined as undesirable experiences of a
participant within 30 days after treatment and related to
participation in this study. All adverse events reported by the
participant or observed by the investigator or study staff will
be recorded. A serious adverse event is any untoward medical
occurrence, within 30 days after treatment and related to
participation in this study and results in death, is life threatening
(at the time of the event), requires hospitalization or
prolongation of existing inpatients’ hospitalization, results in
persistent or significant disability or incapacity, or any other
important medical event that did not result in any of the
outcomes listed above. The investigator will report all serious
adverse events to the sponsor without undue delay after
obtaining knowledge of the events.

Auditing
The clinical monitor will be responsible for verifying adherence
to the protocol, reviewing participant records and source data,
maintaining records of all actions taken to correct protocol
deficiencies during the investigation, and assuring that the data
needed to complete the study are complete and accurate.

Patient and Public Involvement
The Foundation Bekkenbodem4All (Pelvicfloor4All) was
consulted on the design of the study from a patient perspective
and their opinion and feedback were taken into consideration.
In addition, an evaluation meeting with previous MR-HIFU
patients took place. Outcomes of this meeting were used to
improve MR-HIFU treatment routine and to point out important
patient outcomes. During inclusion, Bekkenbodem4All will
promote the study via their network and participate in the yearly
meetings in which the progression of the study is discussed.
When the results of the study warrant uptake of the treatment
in standard reimbursed care, they will aid in the final
implementation of the treatment.

Ethics Approval
This protocol, informed consents, and patient information have
been approved by the local medical ethical committee of Isala
Hospital (NL74716.075.20) on September 24, 2020, with respect
to scientific content and compliance with applicable research
and human patient regulations. The research activities of the
MYCHOICE study comply with the international conventions
and codes of conduct, and the latest Helsinki Declaration of the
World Medical Association adopted by the World Medical
Assembly.

Dissemination Policy
We aim to make all data Findable, Accessible, Interoperable
and Reusable (FAIR) according to the FAIR principles [37].
Therefore, we will assign all (meta)data with a unique and
persistent (global) identifier and register or index them in a
searchable digital data repository at the end of the study for
long-time archiving and data reuse purposes. Results will be
presented in (inter)national congresses and meetings, and will
be published in peer-reviewed journals, publications of the
patient associations, in health-related journals, and on various
websites such as the MYCHOICE study website.
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Results

Inclusion for the MYCHOICE study started in November 2020.
Patient enrollment is expected to last approximately 36 months.
Because of the 24-month follow-up, we expect to complete data
collection in 2026 and plan the dissemination of the results
subsequently.

Discussion

Added Value of MYCHOICE
The MYCHOICE study distinguishes itself from previous
MR-HIFU trials in that it is an RCT in which full ablation
protocols and the latest MR-HIFU equipment are used for
uterine fibroid treatment. Moreover, patient follow-up is 24
months. Furthermore, it answers important research questions
on both effectiveness and cost-effectiveness with outcomes that
are relevant for policy makers, physicians, and patients.

Strengths
As a primary outcome, we will use QoL in terms of symptom
reduction 24 months after treatment. We did not choose the
commonly used outcome in uterine fibroids studies,
reintervention rate, as our primary outcome because
re-interventions are not expected to occur after hysterectomy.
Symptom reduction will most likely also differ between
hysterectomy and uterus-saving treatment options. However,
the influence of symptom reduction after hysterectomies in the
control group is probably limited, because we expect that most
women who will participate in the MYCHOICE study prefer a
uterus-preserving treatment option, just like the intervention
under study. This is further enhanced by the 2:1 randomization
ratio. This ratio will lead to a higher chance to undergo
MR-HIFU treatment, and we believe is therefore an important
strength of the design. Another strength is the fact that this
unbalanced design will enable us to gather more data on our
intervention, while the effectiveness of standard care is already
much better documented.

Our follow-up duration of 24 months is based on the long-term
outcomes of a retrospective study on MR-HIFU treatment results
performed by our group [14]. In this study, we found that all
reinterventions were performed within 24 months after the initial

treatment, indicating that the treatment effect reaches a steady
state within 24 months after treatment. Thus, it is not useful to
prolong follow-up of these patients.

Limitations
A possible limitation of the MYCHOICE study is the uncommon
use of a mixed control group. However, in current daily practice,
usual care for women with symptomatic uterine fibroids in
whom conservative treatment failed or is undesired consist of
several (minimally) invasive treatments. The minimally invasive
UAE is reimbursed in the Netherlands, and would therefore be
an appropriate reference treatment for the noninvasive
MR-HIFU treatment. However, hysterectomies are by far the
most frequently performed and should thus not be omitted from
the standard care group. The standard care group is
complemented with myomectomies. We expect that women
willing to participate in this study are mostly searching for a
uterus-saving treatment option, sometimes because of a future
pregnancy wish. For this category of women, myomectomy is
the only alternative and therefore a mixed control group qualifies
the most. By using this mixed group, we believe we best
represent the real-world situation. Furthermore, the information
on treatment preference in the control group can be used to gain
more insights into patient preferences.

Although an RCT design is commonly considered to provide
the best evidence on the effectiveness of a new intervention
compared with usual care, our RCT design also poses several
challenges [38]. Women may not be willing to be randomized,
which may delay enrollment, and our 2:1 randomization ratio
with a mixed control group may lead to low sample sizes for
the individual treatment options in the mixed control group,
which will limit valid comparisons between outcomes of
individual treatments. However, sufficient data on primary
outcomes are already available for all treatments in this control
group. Other possible limitations of the MYCHOICE study are
that not all (secondary) outcomes are equally relevant for all
included treatments and that the MR-HIFU treatment cannot
be performed in all participating centers. However, because of
the restricted number of patients eligible for treatment and the
complexity of the treatment, it might not be cost efficient to
have more than 2-4 uterine fibroid MR-HIFU facilities in the
Netherlands.
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standard (minimally) Invasive fibroid care—a (Cost-)Effectiveness analysis
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PREM: patient-reported experience measurement
QoL: quality of life
RCT: randomized controlled trial
SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials
SSS: symptom severity score
UAE: uterine artery embolization
UFS-QoL: Uterine Fibroid Symptom and Quality of Life questionnaire
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Abstract

Background: The Parent-focused Redesign for Encounters, Newborns to Toddlers (PARENT) intervention was created as a
team-based approach to well-child care (WCC) that relies on a health educator (Parent Coach) to provide the bulk of WCC
services, address specific needs faced by families in low-income communities, and decrease reliance on the clinician as the
primary provider of WCC services.

Objective: This study aims to evaluate the impact of PARENT using a cluster randomized controlled trial.

Methods: This study tested the effectiveness of PARENT at 10 clinical sites in 2 federally qualified health centers in Tacoma,
Washington, and Los Angeles, California. We conducted a cluster randomized controlled trial that included 916 families with
children aged ≤12 months at the time of the baseline survey. Parents will be followed up at 6 and 12 months after enrollment.
The Parent Coach, the main element of PARENT, provides anticipatory guidance, psychosocial screening and referral,
developmental and behavioral surveillance, screening, and guidance at each WCC visit. The coach is supported by parent-focused
previsit screening and visit prioritization, a brief, problem-focused clinician encounter for a physical examination and any concerns
that require a clinician’s attention, and an automated text message parent reminder and education service for periodic, age-specific
messages to reinforce key health-related information recommended by Bright Futures national guidelines. We will examine
parent-reported quality of care (receipt of nationally recommended WCC services, family-centeredness of care, and parental
experiences of care), and health care use (WCC, urgent care, emergency department, and hospitalizations), conduct a cost analysis,
and conduct a separate time-motion study of clinician time allocation to assess efficiency. We will also collect data on exploratory
measures of parent-and parenting-focused outcomes. Our primary outcomes were receipt of anticipatory guidance and emergency
department use.

Results: Participant recruitment began in March 2019. After recruitment, 6- and 12-month follow-up surveys will be completed.
As of August 30, 2021, we enrolled a total of 916 participants.
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Conclusions: This large pragmatic trial of PARENT in partnership with federally qualified health centers will assess its utility
as an evidence-based and financially sustainable model for the delivery of preventive care services to children in low-income
communities.

Trial Registration: ClinicalTrials.gov: NCT03797898; https://clinicaltrials.gov/ct2/show/NCT03797898

International Registered Report Identifier (IRRID): DERR1-10.2196/27054

(JMIR Res Protoc 2021;10(11):e27054)   doi:10.2196/27054

KEYWORDS

preventive care; well-child care; community health centers

Introduction

Background
Well-child care (WCC) visits for child preventive care during
the first 3 years of life are important opportunities to address
social, developmental, behavioral, and health concerns of young
children and their families [1]. Despite the great potential of
WCC to positively impact child health and well-being, multiple
studies have demonstrated that many children do not receive
all recommended preventive and developmental services during
these visits, and that most parents do not have all of their
psychosocial, developmental, and behavioral concerns addressed
at these WCC visits [2-8]. Unfortunately, this unmet need is
often the greatest for low-income families [9] as they often have
substantial needs.

In the United States, WCC is not optimally structured to meet
the vast array of preventive care needs that families in
low-income communities often have [8]. Major structural
problems with WCC include (1) reliance solely on busy
clinicians (pediatricians, family physicians, or nurse
practitioners) for most basic, routine WCC services [10-13],
(2) limited to brief (often 15- to 20-minute) face-to-face
clinician-directed WCC visits to address the wide array of
education and guidance services in WCC [1,7,14]; (3) the need
for high-level clinicians to focus clinical time on patients with
complex medical needs, and (4) lack of a systematic,
patient-driven method for visit customization to best meet
families’needs [15,16]. These problems in the structure of WCC
are a key contributor to the wide variations in both, the processes
of WCC and the receipt of preventive care services. This can
lead to suboptimal quality of WCC services, resulting in missed
opportunities to intervene and support the health and well-being
of children in low-income communities.

To address the gaps in current WCC, we partnered with federally
qualified health centers (FQHCs) to develop a new model of
WCC to meet the needs of children in low-income communities.
The Parent-focused Redesign for Encounters, Newborns to
Toddlers (PARENT) intervention is a team-based approach to
WCC relying on a health educator (Parent Coach) to provide
the bulk of WCC services, address specific needs faced by
families in low-income communities, and decrease reliance on
the clinician as the primary provider of WCC services [17-19].

Although several strategies to redesign the structure of WCC
have been proposed and studied, there are few evidence-based
comprehensive models that are financially sustainable
alternatives to the current WCC [11,20]. In a systematic review
of tools and strategies for WCC clinical practice redesign for
young children in the United States, we highlighted 17 published
articles that focused on interventions to improve WCC delivery
[11]. In this review, and a more recent update of the review, we
identified 2 WCC practice-based interventions (PARENT and
Healthy Steps for Young Children) in which a nonclinician was
added as part of the WCC team to enhance preventive care
services for young children [8,11]. These 2 WCC practice
interventions demonstrate the effectiveness of using a
team-based approach to preventive care services. However, only
PARENT has randomized controlled trial (RCT) evidence of
improvements in both the receipt of preventive care services
and decreased emergency department (ED) use.

The central element of PARENT is the Parent Coach, a health
educator who meets one-on-one with the family for
approximately 15-20 minutes, depending on the needs of the
parent, at the time of the WCC visit. The Parent Coach receives
4-6 weeks of WCC Parent Coach training and provides (1)
anticipatory guidance (counseling and education on a broad
variety of parenting-related topics), (2) psychosocial screening
and community resource referral, and (3) developmental and
behavioral surveillance, screening, and guidance. Parents
complete a previsit screening questionnaire to help the Parent
Coach prioritize their time with the family. After the family
meets with the Parent Coach, the pediatrician enters the
examination room to conduct the physical examination, address
any clinical concerns, and provide additional guidance to parents
regarding any concerns identified by the Parent Coach. Parents
also receive weekly automated text messages that reinforce key
health-related, age-specific guidance and education; these text
messages are also designed to promote parental engagement in
WCC guidance between visits.

In an initial pilot RCT of PARENT among 251 low-income
families in 2 urban areas, we found strong and consistent
intervention effects on the quality of preventive care provided
to families and on reducing ED use (Table 1) [18,19].
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Table 1. Parent-focused Redesign for Encounters, Newborns to Toddlers intervention pilot trial findings (n=226).

P valueEffect size (Cohen d)InterventionControlRCTa results

Use, n (%)

.88N/Ab86 (74.8)84 (75.7)Well-visits up-to-date

.77N/A43 (37.7)44 (39.6)Two or more sick visits

.020.4712 (10.4)24 (21.6)Two or more emergency department visits

Receipt of WCCc services, mean (SD)

<.0010.4989.3 (12.9)77.4 (24.5)Anticipatory guidance

.0080.3096.3 (13.8)89.6 (22.2)Health information

<.0010.5994.9 (13.5)77.9 (29.0)Social needs assessment

Receipt of WCC services, n (%)

.010.12106 (92.2)90 (81.1)Developmental screening

.0050.2883 (90.2)59 (73.8)Parent concerns addressed

Experiences of care, mean (SD)

.0080.3096.3 (8.2)92.4 (13)Family-centered care

<.0010.4791.3 (12.3)82.1 (19.4)Helpfulness of care

.0490.2494.5 (9.8)91.7 (11.6)Overall rating of care

aRCT: randomized controlled trial.
bN/A: not applicable.
cWCC: well-child care.

Objectives
To examine the effectiveness of PARENT as a potential
evidence-based, financially sustainable model for WCC delivery,
we are conducting a large, cluster RCT, in partnership with 10
clinics that are part of 2 large, multisite FQHCs. This study has
2 major phases. In phase 1, we used a community engagement
and intervention implementation process [17,21-23] to guide
the intervention adaptation process, Parent Coach training,
practice workflow, and intervention implementation in the
practices. In phase 2 (described in this protocol), we are
conducting a cluster RCT of PARENT (practice-level
randomization) to determine the effects on WCC quality, use,
and clinician efficiency, and its costs and cost-offsets.

The cluster RCT has the following study aims and hypotheses:

• Aim 1: measure the effect of PARENT on the receipt of
nationally recommended WCC services and parent
experiences of care.

• Hypothesis 1: PARENT will improve the receipt of WCC
services and parent experiences of care.

• Aim 2: determine the effects of PARENT on WCC, urgent
care, ED use, and net costs.

• Hypothesis 2a: PARENT will result in improved up-to-date
rates for WCC visits and reduced ED use.

• Hypothesis 2b: in a cost analysis, we demonstrate that the
direct intervention costs of PARENT are offset by net
reductions in ED use.

• Aim 3: examine the effect of PARENT on clinician time
allocation for WCC and urgent care visits.

• Hypothesis 3: clinicians will shift the time from providing
routine WCC services in well-visits to chronic disease
management and urgent care.

Methods

Study Design
Our community clinical partners are 2 FQHCs located in and
around Tacoma, Washington and Los Angeles, California, with
4 and 6 participating clinics, respectively. Using
computer-generated random allocation, the study biostatistician
block-randomized the clinics to intervention (n=5) and control
(n=5), stratified by state to ensure equal numbers per state across
the study arm. The 5 intervention clinics are implementing
PARENT for all WCC visits through the age of 2 years at their
clinical site, and the control clinics are continuing usual care
(clinician-directed WCC visits). A total of 940 families (94 per
clinic) with infants aged ≤12 months are being enrolled and will
remain in the study for a period of 12 months. Parents will
complete a survey at baseline and at 6 and 12 months after
enrollment. We will examine parent-reported quality of care
(receipt of nationally recommended WCC services,
family-centeredness of care, and parental experiences of care)
and health care use (WCC, urgent care, ED, and
hospitalizations), conduct a cost analysis, and conduct a
time-motion study to assess clinician time allocation for
efficiency. Data on exploratory measures of parent-and
parenting-focused outcomes will also be collected.

Intervention Components
The intervention components are as follows:
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• Parent Coach
• The Parent Coach is a Spanish and English bilingual,

bachelor’s degree level health educator hired by the
FQHC, who has participated in a 6-week training led
by our academic research team. The coaches hired by
the clinics are bicultural, bilingual Latinx individuals
who have previously worked as care coordinators or
medical interpreters; they all have experience in child
health fields and in working with low-income families.
The training consisted of self-directed learning based
on Bright Futures Guidelines, Fourth Edition [1],
relationship-building with community organizations
(for resource referral) near each clinical site, simulated
WCC visits with trainer feedback, coach-observed
WCC visits, and pediatric provider-observed WCC
visits with feedback at the clinics. The Parent Coach
is available at the intervention clinics to serve as the
primary provider of anticipatory guidance, psychosocial
screening and referral, and developmental and
behavioral guidance and screening during each WCC
visit.

• The Parent Coach is available at other times to answer
parents’preventive care–related questions and conduct
parent follow-up calls and visit reminders during clinic
business hours.

• WCC visit process
• Upon arrival, the child is registered, weighed, and

measured by the medical assistant and then taken to an
examination room per the usual care process. The coach
then enters the patient room and uses the completed,
adapted version of the Bright Futures Previsit
Questionnaire (completed in the waiting room or
examination room) to guide the WCC visit [24]. The
coach discusses the parents’ priorities for the visit,
addressing parental concerns on topics such as feeding,
sleeping, parenting, safety, and other issues. Next, the
coach reviews any red flags from the questionnaire,
conducts social needs and psychosocial screening, and
provides any needed community resource referrals.
Finally, the coach reviews developmental milestones
or the structured developmental screen, if used at that
visit, and addresses any behavioral concerns that the
parent has.

• The Parent Coach documents the visit by the family in
the electronic health record, highlighting the results of
developmental and behavioral screening and any issues
that the clinician needs to review at the top of the
encounter page. The Parent Coach spends 15-20
minutes with the parent based on parent needs.

• After the Parent Coach completes their time with the
family, the clinician enters the patient room, conducts
a physical examination, and reviews the Parent Coach’s
notes within the electronic health record. The clinician
addresses any Parent Coach’s findings that need further
clinical investigation (eg, concern for speech delay on
developmental surveillance), any additional parent
concerns, and any chronic or urgent care issues. In
cases where the Parent Coach identifies concerns that
need immediate attention from the clinician, the Parent

Coach will directly communicate with the clinician
about the parents’ needs and follow-up plan (warm
hand-off).

• Healthy text messages
• Parents enrolled in the intervention clinics are offered

a child health-focused text messaging service at study
enrollment. Research staff help parents enroll into the
text messaging service by texting their cell phone
number, language preference (English or Spanish),
clinic location, and child’s date of birth to a number
provided by Healthy-TXT, a text messaging service
(Healthy-TXT LLC). The library of text messages was
adapted from Healthy-TXT to meet the needs of the
FQHCs. If the parent chooses to sign up for the text
message service (parents can be enrolled into the study
and decline text messages), they receive weekly
messages focused on age-appropriate anticipatory
guidance, health education, and reminders for WCC
visits. These messages are tailored to the child’s age
and parent’s language preference (Spanish or English).
Most messages include a link to an educational website
(eg, healthychildren.org) with a video or written
information on that specific topic. Some messages
include the clinic’s telephone number for visit
scheduling, the Parent Coach’s number, or other
information (eg, poison control hotline). At any time,
parents can text “STOP” to end the service.

Procedures

Patient Recruitment and Enrollment at Intervention and
Control Clinics
Parents or legal guardians checking in for a WCC visit or
follow-up visit for an infant aged ≤12 months are approached
by research staff in the waiting room. The research staff obtain
a schedule of WCC visits via an encrypted email sent by the
clinic staff. The schedule includes the date and time of all WCC
visits for infants aged ≤12 months—no protected health
information is included in the schedule. The research staff
determine which clinics to visit for recruitment based on this
schedule, using a systematic approach. On the day of clinic
recruitment, research staff, clinic staff, and front desk staff
closely coordinate recruitment. The front desk staff verifies the
WCC visits each day with the research staff and obtains verbal
permission from the parent (or legal guardians) to be approached
by research staff at the clinic that day to talk about the study.
Those who agree are approached while waiting for their WCC
visit.

Participants and Enrollment Procedures
For families who are approached in clinics, the study staff
explain the study and screen for the following eligibility criteria:
(1) be an adult (aged ≥18 years) parent or legal guardian of a
child aged ≤12 months arriving for a visit, (2) have no plans to
change clinic providers for the next 12 months, and (3) have
English or Spanish language proficiency. Eligible families
provide informed consent and parental permission. For multiple
gestations, one of the infants is selected at random as the index
child enrolled in the study. Children with special health care
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needs are not excluded from the study; these children generally
receive the same recommended preventive care services.

Contact information is collected from the enrolled parent or
legal guardian and spouse or partner (home and cell phone and
email) to contact them to complete the baseline survey, if
needed. The information is verified at each subsequent research
contact for the follow-up surveys at 6 and 12 months from the
date of enrollment. We also ask parents to provide the contact
information of 3 relatives or friends who will always know their
whereabouts.

Although this study involves direct interaction with
economically and educationally disadvantaged persons, we are
careful to minimize the risk of coercion or undue influence. The
recruitment process for the study is completely voluntary, and
families are informed that they can withdraw from the study at
any point. Those who agree to participate receive a cash or gift
card incentive for each survey. Consent forms have been so
written as to be understood by those with limited reading or
writing proficiency in both English and Spanish. However, if
a participant is unable to read the consent form, the research
assistant reads the form aloud, and a witness initials the form,
acknowledging that the terms of agreement have been read to
the participant.

Data Collection
We shall conduct 3 waves of parent survey data collection
(baseline, 6-month and 12-month), and will review the child’s
electronic chart at 12 months follow-up. Interviewers are not
blinded to the group assignment.

• Baseline survey (at enrollment, in person or via phone):
Upon enrollment, parents participate in a 35-minute survey
for the collection of baseline demographic data on the
infant, parent, household, child’s medical history, and health
care use during the 3 months before the survey.

• Six-month survey: Research staff conduct a 15-minute
phone survey that updates the child’s medical history,
household changes, and health care use since enrollment
(eg, ED use). The 6-month survey is designed to increase
participant retention over the 12-month study period, by
providing an opportunity for engagement at 6 months, and
is designed to improve data accuracy by using a 6-month
recall period, rather than a 12-month recall, for use-related
questions.

• Twelve-month survey: All participants will be asked to
complete a 40-minute survey by phone. This survey
administration includes questions from the Promoting
Healthy Development Survey, a parent survey that assesses
the receipt of nationally recommended WCC services [25].
It is endorsed by the National Quality Forum and has been
used by 10 State Medicaid agencies, 4 health plans, 38
pediatric practices, and nationally through the National
Survey of Early Childhood Health to collect data for over
45,000 children [26]. It is available in English and Spanish
and is written at an 8th grade reading level. It has strong
construct validity (mean factor loading: 0.69) and internal
consistency (mean Cronbach α=.80) [27]. A previous study
using this survey revealed that quality measure scores for
children in 3 health plans ranged from 17 to 75 (on a

100-point scale) and varied significantly across health plans
[27].

We will use the Promoting Healthy Development Survey to
measure the parent-perceived receipt of recommended WCC
services. Questions are also included on social determinant
screening and referral drawn from the Promoting Healthy
Development Survey and health care use since the 6-month
survey. We will also use items on overall satisfaction with care
from the Consumer Assessment of Health care Providers and
Systems Health Plan Survey [28,29] and family-centeredness
of care from the National Survey of Children’s Health [30]. We
shall collect data on exploratory measures of parental mental
health [31] and parenting behaviors [25,30].

For the 6- and 12-month follow-up surveys, we will contact the
study participants 2 weeks before the due date. If we are unable
to reach them by the due date, we will continue calling them
up to 3 months after the due date to complete the survey. After
completing the 3 waves of survey data collection, we will
conduct chart reviews to extract the number of clinic visits (total,
WCC, and acute care) and immunization records. The parent
or legal guardian will receive a gift card or cash incentive after
completing the baseline survey (US $30) and follow-up surveys
at 6 months (US $20) and 12 months (US $40) after enrollment.

Finally, to assess changes in clinician time and WCC content
covered during visits, we will conduct a time-motion study,
consisting of direct observations of clinic teams (clinician and
Parent Coach) at 20 randomly selected WCC visits at each
clinical site (intervention and control) before and during
intervention implementation. This data collection is not part of
the RCT but is a supplemental observational study that will
allow us to understand how the visit differs with and without
the Parent Coach. A total of 200 time-motion study visits will
be observed during the first year for the control and intervention
clinics. During the fourth and fifth project years, we will observe
an additional 200 time-motion study visits for intervention and
control clinics.

Safeguarding
To ensure quality control of data, the study team member who
collects the data enters the data into the protected database, and
another team member validates the data entry. In addition, to
ensure confidentiality, parent or child participant data are entered
directly into a REDCap (Research Electronic Data Capture;
Vanderbilt University) database on password-protected laptops
and electronic tablets. Any data initially collected from a hard
copy is transferred to the secure database. Hard copy documents
are kept in locked cabinets in a locked office. Identifiable
information, such as consent forms, is kept separately from data
collection forms to ensure deidentification of the data. Hard
copy documents collected from clinics and transported to study
offices are kept in secure document holders to protect against
breaches of confidentiality.

Main Outcomes

Overview
Our dual primary outcome measures are the receipt of preventive
care services for anticipatory guidance received and ED use.
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Secondary outcomes include other measures for the receipt of
preventive care services, use, experiences of care, costs, and
allocation of provider time. Multimedia Appendix 1 [1-41]
presents a table of all study measures.

Primary Outcomes Selection
Our primary outcomes are receipt of anticipatory guidance and
ED use. We will select a WCC quality measure and a health
care use measure to represent the outcomes most important to
the stakeholders within WCC (parents, providers, and payers).
We considered that costs may be most important for the
sustainability of PARENT, but the receipt of WCC services
may be most important to its acceptability with parents and
pediatric providers. We do not consider downstream child or
parent health outcomes as primary measures, but we will
conduct an analysis of exploratory measures such as effective
parenting and parent mental health that have been related to
child outcomes [32-36].

Analysis

Overview
Once all data are collected, we will compile descriptive statistics
on all outcome variables, composite scores, and covariates. We
will report means and SDs (or medians and IQRs as appropriate)
for continuous variables, create graphical displays to visualize
distributions, and transform variables with nonnormal
distributions, such as cost offsets. Next, we will use
multivariable analyses to examine the differences between the
control and intervention groups at 12 months on the measures
described above. From these analyses, we will estimate the
intervention effects. An intent-to-treat approach rather than a
per-protocol approach will be used; that is, parents will be
analyzed according to the assigned group regardless of
deviations from the study protocol. Missing outcome data will
be handled using a strategy described by White et al [37].
Observations with missing values will be excluded from the
initial analysis (complete case analysis) [37]. We will examine
and report the patterns and plausible causes of any missing data.
This will then inform additional analyses using multiple
imputation, comparing the effects of different plausible
assumptions about the nature of the missing data. Results with
and without multiple imputations will be presented. Additional
sensitivity analyses will be conducted by performing the
analyses with and without outliers and influential data points.
All tests will be 2-sided, and P values <.05, will be considered
statistically significant.

Primary Outcome 1: Anticipatory Guidance
We will analyze anticipatory guidance based on data collected
at 12 months after enrollment. We will assess the intervention
effect on anticipatory guidance via linear mixed-effects models
that include random effects to account for clustering by clinic.
The outcome may be transformed before fitting the model if
nonnormality is observed. The analysis will include intervention
status as the main independent variable and may be adjusted
for potential confounding factors that differ between the 2
groups at baseline. We will also test for possible interaction
effects between the intervention and these covariates. All other
outcome variables to measure experiences of care and receipt

of other nationally recommended WCC services are regarded
as secondary. Each outcome will be analyzed using linear or
generalized linear mixed effects models.

Primary Outcome 2: Health Care Use
Intervention effects on health care use (ED visits,
hospitalizations, and urgent care visits) will be assessed using
generalized linear mixed-effects models for binary or count
data. The model will include random effects to capture data
clustering within the clinic; the primary independent variable
will be intervention status. The analysis will be adjusted for any
baseline child, parent, or household characteristics that differ
between the control and intervention groups. We will also test
for interaction between child age and the intervention, as well
as between the intervention and any covariates that differ across
study arms at baseline.

Cost Analysis
We will conduct our analysis from the perspective of the health
sector and consider intervention costs (direct and indirect) and
cost offsets [38].

Intervention Costs
We will distinguish between start-up costs (eg, Parent Coach
training), fixed annual maintenance costs (eg, text message
service), and the marginal cost of adding patients to the existing
intervention (eg, additional time spent by Parent Coaches if
WCC caseloads increase). The primary source of direct
intervention costs is staff time, particularly the Parent Coach
time. Staff time will be tracked during randomly selected weeks
throughout the study using intervention service logs valued at
total compensation (salary+benefits). Other intervention costs,
such as the opportunity costs of using clinic space (included at
the value of its opportunity cost) and parents’ time (valued using
national average wage rates from the Bureau of Labor Statistics)
will be tracked by study accounting procedures. We will exclude
evaluation-related costs from our estimates.

Cost Offsets
To explore health care use, we will collect parent survey data
on the use of services that we hypothesize may be affected by
PARENT. This includes additional services (eg, more referrals
for behavioral problems because of better identification) and
cost offsets (eg, reduced ED visits). We will construct
parent-specific measures as the weighted sum of the number of
units used in each service category, weighted by the unit cost
of that type of service. We will use national estimates of unit
costs by condition and age group, such as the Disease
Expenditure Study estimates of unit cost per outpatient visit,
ED visit, and hospital stay [39]. To test whether the intervention
leads to budget neutrality or even net cost savings, we will
estimate the mean difference in nonintervention costs between
intervention and control using multivariate regression methods.
The analysis may be conducted with the log of cost or other
transformation, as the distribution of costs often has a long right
tail representing a few patients with high expenditures. We will
then compare the average intervention cost per child with the
estimated savings in nonintervention costs. Although the average
intervention cost could increase if the clinic is not large enough
to use Parent Coaches at their optimal capacity, we will test the
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sensitivity of our conclusions to varying assumptions about the
size of the patient panel versus the minimum full-time equivalent
level at which the Parent Coach can be hired.

Time-Motion
We will collect time-motion data on at least 20 randomly
selected well-visits per clinic, before and after PARENT
implementation. In-person visit observations will provide the
number of minutes (total and per visit) of clinician time and
Parent Coach time in rooms with family for each WCC visit
from 2-24 months, and data on visit content (discussion of
preventive, chronic, or urgent care issues) of clinician WCC
time with families (enrolled participants for WCC visits). We
will examine clinician and Parent Coach time allocation for
WCC visits from ages 0 to 2 years, comparing the mean time
for each activity before and after the intervention
implementation using linear mixed-effects models. This model
will include random effects for the clinic to account for
clustering, a binary variable as a primary predictor to indicate
whether measurement occurred before or after intervention
implementation, and an indicator for the group (intervention vs
control). The analysis will also be adjusted for other factors as
deemed appropriate. We will qualitatively describe the
intervention versus control differences in the content discussed
during visits.

Power Assessment
The power calculation is based on WCC quality (anticipatory
guidance) and ED visits (2 or more), with a 1:1 randomization
of 10 sites to the intervention and control groups. We will use
the mean and SD of anticipatory guidance and the rates of 2 or
more ED visits, as observed in our pilot RCT intervention and
control groups. For anticipatory guidance, we will use the larger
SD from the 2 groups to obtain a conservative power estimation
for this variable. The calculation assumes an intraclass
correlation of 0.01 based on previous cluster RCTs of similar
delivery systems among similar populations, and the fact that
the data analysis may be adjusted for important baseline
covariates when comparing the intervention with control groups
[40,41]. A conservative 20% dropout rate is assumed at the
patient level; in other words, the retention of at least 75 of the
94 participants enrolled per site. Two-sided tests will be used
with a type I error rate of 0.05. With a total of 94 participants

enrolled per site, we will have at least 80% power to detect the
anticipated intervention effect for both anticipatory guidance
and ED visits, assuming a 20% dropout rate at the patient level.

For the time-motion study analysis, time measurements for 20
randomly selected participant visits (at each clinic, before and
after implementation) will provide 80% power to detect an effect
size of 0.30, using a 2-sided test at a significance level of .05,
assuming an intraclass correlation of 0.01, and interperiod
correlation of 0.01. This is based on an average provider time
of 15 minutes (SD 5 minutes) in the control group, and a
detectable intervention-related change of approximately 2
minutes 2 seconds.

Results

Participant recruitment began in March 2019. After recruitment,
6- and 12-month follow-up surveys will be completed. As of
August 30, 2021, we have enrolled a total of 916 participants.

Discussion

Principal Findings
PARENT is an innovative WCC delivery model designed to
meet the needs of low-income families. Promising preliminary
findings suggest that PARENT may be a more effective system
for the delivery of WCC, providing family-centered,
comprehensive preventive care for infants and toddlers in
low-income communities. This study contributes to the
assessment of the effectiveness of PARENT across multiple
practices, with a larger population of families and multiple
Parent Coaches.

Conclusions
Through this research, we will examine PARENT across a larger
number of practices, assess its effects on receipt of nationally
recommended WCC services, parent experiences of care, health
care use, costs, and impact on clinicians’allocation of time, and
explore its effect on parent outcomes known to be associated
with subsequent child outcomes.

If PARENT is shown to improve quality, improve experiences
of care, and prove financially viable, it can be scaled to FQHCs
and other practices nationally.
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Abstract

Background: In-person relationship education classes funded by the federal government tend to experience relatively high
attrition rates and have only a limited effect on relationships. In contrast, low-income couples tend to report meaningful gains
from web-based relationship education when provided with individualized coach contact. However, little is known about the
method and intensity of practitioner contact that a couple requires to complete the web-based program and receive the intended
benefit.

Objective: The aim of this study is to use within-group models to create an algorithm to assign future couples to different
programs and levels of coach contact, identify the most powerful predictors of treatment adherence and gains in relationship
satisfaction within 3 different levels of coaching, and examine the most powerful predictors of treatment adherence and gains in
relationship satisfaction among the 3 levels of coach contact.

Methods: To accomplish these goals, this project intends to use data from a web-based Sequential Multiple Assignment
Randomized Trial of the OurRelationship and web-based Prevention and Relationship Enhancement programs, in which the
method and type of coach contact were randomly varied across 1248 couples (2496 individuals), with the hope of advancing
theory in this area and generating accurate predictions. This study was funded by the US Department of Health and Human
Services, Administration for Children and Families (grant number 90PD0309).

Results: Data collection from the Sequential Multiple Assignment Randomized Trial of the OurRelationship and web-based
Prevention and Relationship Enhancement Program was completed in October of 2020.

Conclusions: Some of the direct benefits of this study include benefits to social services program administrators, tailoring of
more effective relationship education, and effective delivery of evidence- and web-based relationship health interventions.

International Registered Report Identifier (IRRID): DERR1-10.2196/33047

(JMIR Res Protoc 2021;10(11):e33047)   doi:10.2196/33047
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Introduction

Background
It is estimated that one-third of marriages in the United States
are classified as relationally distressed [1]. Individuals with
low-income experience, especially high rates of relationship
distress and divorce, report significantly lower marital quality,
and experience greater fluctuations in marital quality than

high-income earners [2-4]. Low-income couples also have
higher levels of alcohol use and infidelity and recent analyses
indicate that a meaningful percentage break up during federally
funded trials [4-6]. Even when low-income couples have access
to free relationship education, they are only able to complete
between 10% and 60% of the offered classes in nationwide
studies [3,7]. Furthermore, a recent meta-analysis of relationship
education for low-income couples revealed that even among
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the statistically significant findings, the effect sizes were trivial
(eg, Cohen d=0.06-0.09) [8] and not meeting the widely
accepted small cutoffs for a meaningful-sized change (ie, Cohen
d≥0.20) [9]. In the light of these limitations, the authors of this
meta-analysis called for innovations in curriculum design,
improvements in programmatic elements, and exploration of
new ways to sustain participant engagement among low-income
couples [8].

The Law of Attrition and Precision Medicine
Attrition problems are not unique to the field of relationship
education and appear to be an inevitable outcome of web-based
randomized controlled trials (RCTs) [10]. This has led some to
propose the law of attrition [11], which argues that participant
dropout is a fundamental methodological challenge inherent in
RCTs, which makes investigating the effects of web-based
interventions particularly challenging. The law of attrition argues
that couples are initially drawn to web-based programs because
of their innovative properties (eg, they are brief, can be
completed from home, and are inexpensive). However, after
registering for the program, reasons that individuals may not
continue their participation could include (1) being exposed to
conflicting messages about the program, (2) rejecting the
program for something better, or (3) leaving the program as the
individual was dissatisfied with the services they received [11].

Others have argued that the law of attrition could be enhanced
by the inclusion of user characteristics [10]. User characteristics
(ie, couple- or individual-level differences) may moderate
adherence to the intervention. Some of these differences may
include relationship problems, levels of motivation to complete
the program, baseline levels of symptomology, the need for
anonymity, lack of available resources, or living in a remote
location. Simply because of couple-level differences, some
percentage of the population is likely to complete and benefit
from web-based interventions, and some percentage of the
population will not, with most of the population likely falling
somewhere in between [12].

Thus, determining who is likely to drop out of the program and
who is likely to complete the program at the program outset
would be a major benefit to administering effective web-based
relationship education. Focusing on completion of the program
(and its specific activities) rather than aiming to increase the
desired outcome (eg, relationship satisfaction) not only decreases
attrition but may also increase the desired behavioral changes
[12]. The addition of couple-level differences to the law of
attrition suggests that sensitivity to couple-level differences
would likely decrease attrition and increase the efficacy of
web-based interventions.

Recently, strides have been made in machine learning to mirror
these ideas, allowing researchers to predict and compare the
predicted treatment effects for couples [13,14]. This approach
is often referred to as precision medicine. At the heart of this
area of research is the idea that average treatment effects from
an RCT may not generalize well to treatment targets (ie,
individuals or couples). Although treatment decisions made by
humans are typically based on a small number of characteristics
(eg, race, ethnicity, or gender), humans are unable to make
decisions at the multivariate level without computational

resources. The ability to estimate couple-level treatment effects
would allow for treatment options that are directly tailored to
estimate the unique needs of each unique couple that a
practitioner would encounter [13,14].

A Review of Evidence-Based Relationship Education
Programs
This precision medicine and machine learning approach is
relatively new to the field of relationship education and
web-based health interventions. Thus, starting a precision
medicine approach with programs that have already been shown
to be evidence-based and beneficial would be worthwhile.
Arguably, OurRelationship and web-based Prevention and
Relationship Enhancement Program (ePREP) are the 2
web-based relationship education programs with the largest
evidence base. OurRelationship and ePREP contain only 6 to
10 hours of content—substantially less content than
comprehensive programs previously delivered by the federal
government. The OurRelationship program is a web-based,
self-help adaptation of integrative behavioral couple therapy
that emphasizes acceptance and change [15]. The program
includes tailored feedback, filmed examples of couples
experiencing relationship distress, and i and activities
encouraging couples to be more mindful of their relationship
dynamics. Currently, the standard of care includes delivering
the program in conjunction with four 15-minute calls with a
coach to reinforce the material that is learned throughout the
program [15-17]. In a nationwide RCT of 300 couples, this short
program led to small- to medium-sized gains (Cohen
d=0.15-0.69) in key areas of individual and relationship
well-being compared with a waitlist control group [16].
Furthermore, couples maintained these effects for at least a year
following the intervention [18]. The OurRelationship program
appears to benefit couples regardless of income, demographic
characteristics, and sexual orientation across a number of
outcomes of interest (eg, depression, anxiety, relationship
satisfaction, relationship positives, and relationship negatives)
[19].

The ePREP program is a web-based adaptation of the Prevention
and Relationship Enhancement Program, which emphasizes
skill building [20,21]. Accordingly, ePREP introduces a set of
healthy communication strategies to reduce conflict in
relationships. Some of these strategies include the time-out
strategy and the speaker-listener technique, as well as how to
maintain fun and friendship in the relationship after the program
has ended. In several randomized clinical trials, those that have
participated in ePREP have reported small- to medium-sized
gains in relationship functioning [21-24]. Follow-up studies
have found that the improvements in functioning attributable
to ePREP were maintained over a 10- to 12-month follow-up
period [22,24]. In addition, those who master the strategies
taught in ePREP experience superior improvements in
constructive communication and relationship satisfaction [23].

Recently, both OurRelationship and ePREP were compared
with one another and to a waitlist control condition in a large
Administration for Children and Families (ACF)–funded RCT
with low-income couples (N=742) [17]. When delivered in
conjunction with four 15-minute coach videoconferences or
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telephone calls, adherence rates in the OurRelationship and
ePREP programs were equal, with 69% of couples completing
the assigned material. When compared with the waitlist control
condition, those in the OurRelationship and ePREP conditions
reported increases in relationship satisfaction (Cohen
dOurRelationship=0.53; Cohen dePREP=0.42) and emotional support
(Cohen dOurRelationship=0.46; Cohen dePREP=0.36), along with
decreases in breakup potential (Cohen dOurRelationship=−0.53;
Cohen dePREP=−0.43), communication conflict (Cohen
dOurRelationship=−0.78; Cohen dePREP=−0.54), and intimate partner
violence (IPV; Cohen dOurRelationship=−0.10; Cohen dePREP=−0.08)
[17]. Furthermore, these effects were maintained over a 6-month
follow-up period [17]. When the 2 programs were compared,
only one significant effect emerged; those in the
OurRelationship program experienced greater decreases in
communication conflict when compared with those in the ePREP
program (Cohen d=−0.24) [17]. These findings were later
reproduced in an independently collected sample [25].

Predictors of Treatment Adherence and Gains in
Web-Based Interventions: An Inconclusive Science
The literature examining general predictors of adherence and
treatment gains in web-based interventions is filled with a mix
of inconclusive findings. Regularly, demographic variables have
been examined as predictors of adherence to and treatment gains
in web-based protocols. Gender and education, for instance,
were significant predictors of treatment adherence in some
studies but nonsignificant predictors in others [26-32]. Findings
on the effects of age, in particular, are difficult to disentangle.
Younger age has been associated with better treatment adherence
in some studies [28], worse treatment adherence in some others
[33,34], and still other studies concluded that age might not be
associated with treatment adherence at all [29,31,35]. In a study
investigating the OurRelationship program, for instance,
identifying as Hispanic predicted better adherence to the
program [32]; however, other studies have found no ethnic or
racial differences between those who do and do not adhere to
the program and their subsequent treatment gains [36,37]. An
individual’s level of technical competency has been argued to
be a barrier in some scenarios but not in others [31]. Some have
found that users who are more familiar with technology are
more likely to drop out [38], whereas others argue that
technological competency positively predicts program adherence
[28].

Equally, the literature examining the role that baseline levels
of psychopathology or symptomology play in adherence to
web-based protocols usually yields inconsistent findings, even
among reviews and meta-analyses. For instance, in a recent
meta-analysis of self-guided web-based programs (ie, programs
without a coach) for depression, levels of depression did not
significantly predict treatment adherence [33]. However, other
reviews of adherence to web-based programs for depression
anxiety have concluded that lower baseline levels of depressive
symptoms are reliable predictors of treatment adherence [28].
Several studies have also found that baseline symptoms of
anxiety are significant predictors of treatment adherence [28,33],
whereas other studies have concluded the opposite [31]. In
addition, although some studies concluded that lower levels of

depression and anxiety predict better adherence to web-based
programs for mood disorders [28], higher baseline levels of
alcohol use predicted better adherence to web-based alcohol
intervention programs [34]. A possible reason for these differing
effects is that the direction (or lack) of an effect could be
moderated by the treatment being provided. For example, studies
that concluded that lower baseline levels of depression and
anxiety predict better adherence are investigating web-based
treatment protocols for anxiety, depression, and relationship
distress [28,32], whereas those that do not are investigating
adherence to web-based programs to treat specific phobias and
posttraumatic stress disorder [31]. In all, the literature examining
the role that baseline levels of symptomology play in adherence
to web-based interventions is convoluted and often inconclusive.

Despite the inconsistencies in this area, 2 predictors yield
relatively consistent findings. First, much like in-person
relationship education, high levels of external stress seem to be
an important barrier. Specifically, participants who reported
that the treatment was too demanding, who reported greater
perceived external barriers, more time constraints, more pressure
to complete the program, the presence of a physical illness, a
family history of mental illness, and those who reported that
school or work got in the way were all less likely to adhere to
web-based protocols and reported less improvement
[28,30,39,40]. The second consistent predictor was motivation.
Higher baseline levels of intrinsic motivation have been shown
to predict greater treatment adherence in several studies
[28,34,39,40].

Coaching and Supportive Accountability
Although research suggests that brief web-based relationship
education yields promising completion rates and relationship
outcomes, one area of interest is not well understood: the type
and amount of coaching needed for couples to complete the
web-based material. Coaches in the OurRelationship and ePREP
programs are usually master’s-level clinicians with a degree in
psychology that help reinforce the content taught in web-based
curricula using telephone or video chat. The supportive
accountability model argues that adherence to web-based
interventions is primarily predicted by a couple’s accountability
to complete the program, that is, the implicit or explicit
expectation that the couple is required to complete the material
[12]. Accountability, first and foremost, requires the presence
of another human being (ie, a coach). This coach can foster a
working alliance with the couple, set expectations for program
completion, regularly monitor the couple’s progress, and set
goals for them in the future. The supportive accountability model
further argues that the effect of accountability on program
completion can primarily be moderated via 2 processes:
motivation to complete the program and how the communication
is being delivered [12].

The lack of motivation to complete the program may prevent a
couple from completing the agreed upon material [12]. Ideally,
coaches can attempt to increase motivation by increasing the
importance of tasks through verbal rewards. For example, having
more coach calls or sending more frequent reminders are ways
of increasing verbal rewards. However, this can often be a
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balancing act—too much communication could be perceived
as being overbearing but too little as a lack of support.

The method of communication can also serve as a moderator
for the effect of accountability on material completion. For
example, some couples may enjoy the additional connection
video conference meetings that their coach provides, whereas
others might find regular email contact to be less intrusive. This
variability highlights the need to tailor coaching to meet the
needs of specific couples. Thus, identifying the best way to
determine the amount of coaching a couple needs as well as the
right method of communication is critical to the success of
relationship education [12].

The Effect of Having a Coach on Program Outcomes
The effect of a coach has garnered significant attention in the
field of web-based interventions. Several studies of individual
interventions have investigated the effect of not having a coach
(ie, a stand-alone program), conditional coach support (eg,
as-needed calls), some coach support (eg, one phone call for all
couples), and full-coach support (eg, several phone calls for all
couples). The definitions of coach contact vary widely across
studies and have, unfortunately, yielded a series of mixed results.
Studies of web-based interventions for both couples and
individuals have found that more intensive coach support yields
(1) better adherence rates, program completion, and treatment
outcomes [32,41]; (2) improvements in program completion
and some (but not all) outcomes [37,42]; or (3) some effect on
program completion but little effect on treatment outcomes
[35,39,43].

Some studies have compared web-based content coupled with
coach support with only web-based content. For instance, when
completion rates from a no-coach version of the OurRelationship
program were compared with those of a trial with full coaching
(ie, 4 coach calls), 6.1% of individuals in the no-coach trial
completed the program compared with 66.1% in the full-coach
version of the program [32]. Furthermore, in a web-based
problem-solving intervention for depression and anxiety, those
who received scheduled support were likely to complete more
of the intervention than those who received no support [42].
Finally, in a web-based treatment for depression, those who
received support from a therapist saw similar reductions in
depressive symptoms, interpersonal problems, and
improvements in quality of life compared with those who
completed the web-based program without a therapist [35].

Other studies have varied the intensity and type of coaching
that couples and individuals can receive and its effects on
program outcomes and adherence. When comparing the
OurRelationship program with 4 calls to the OurRelationship
program with one call, those who received 4 calls were more
likely to complete the program (66% vs 36%, respectively) and
saw greater reductions in anxiety symptoms than those who had
one call [37]. However, those who received 4 calls reported
similar gains in relationship satisfaction and decreases in
depressive symptoms compared with the one call group [37].
Furthermore, in a web-based intervention aimed at treating panic
disorder that compared scheduled coach calls to on-demand
coach calls, individuals who received scheduled coach calls saw
larger reductions in panic and anxiety symptoms than those who

received on-demand services; however, the 2 conditions saw
similar reductions in depressive symptoms and perceived stress
[41]. In contrast, in a web-based problem-solving intervention
for depression and anxiety, those who received scheduled
support did not experience differential program outcomes
compared with those who received support on request or
received support in the form of nonspecific chat or email [42].

Few studies have investigated whether baseline characteristics
moderate the effect of different coaching levels. Of the 20
baseline moderators tested in the OurRelationship program,
only 2 significant interactions with coaching level emerged.
First, those with higher baseline levels of depressive symptoms
were actually less likely to complete the program when receiving
4 coach calls compared with the stand-alone version of the
program [32]. Second, those who identified as Hispanic were
more likely to complete the program with 4 coach calls than in
the stand-alone version. However, race, ethnicity, and household
income did not moderate differences in program or treatment
gains between one and 4 coach calls [37]. A similar pattern of
findings emerged when investigating web-based interventions
for individuals with stress and anxiety symptoms [39]. A host
of candidate variables (eg, age, gender, level of education,
occupation, computer expertise, time perspective, perceived
treatment credibility, levels of internal or external motivation,
and therapist bond) were examined to determine whether
background variables moderated the effect of a coach in
adherence to the intervention or treatment benefits; however,
none of these baseline characteristics acted as between-group
moderators [39].

This Study: Research Aims and Hypotheses
Given past research, this study has 3 aims. The first aim is to
investigate how well we can predict the completion rates and
changes in relationship satisfaction. As model evaluation has
rarely been used in this area of research, no specific hypotheses
have been posited. The second aim of this study is to document
the most powerful predictors of treatment adherence and gains
in relationship satisfaction within 3 different levels of coaching.
More specifically, what are the most powerful predictors of
treatment adherence and gains in relationship satisfaction in a
full-coach condition (with 4 scheduled 15-minute phone calls),
automated coach condition (where couples only receive emails),
and a contingent coach condition (where couples only receive
scheduled coach calls after displaying a pattern of
nonadherence)? Although many of the findings in this area of
research are inconclusive, 2 findings are relatively consistent:
lower external stress and higher intrinsic motivation both predict
treatment adherence and gains. Thus, we hypothesize that,
regardless of coach assignment, lower external stress and higher
intrinsic motivation will emerge as reliable predictors of better
adherence to the web-based program and subsequent treatment
gains. In the final aim of the study, we intend to use the
information gathered in the first 2 steps to determine the most
powerful predictors of between-group differences. More
specifically, what baseline characteristics are indicative of a
given couple’s adherence or gains in relationship satisfaction
to couples assigned to the full-coach program compared with
automated coaching, contingent coaching, or the waitlist control
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condition? As this area of research is relatively underdeveloped,
no specific hypotheses will be posited.

Methods

Procedure
This study was funded by the US Department of Health and
Human Services, ACF (grant number 90PD0309; see
Multimedia Appendix 1 for peer reviews). The parent study
was registered with ClinicalTrials.gov (NCT02806635). The
analyses and project design for this study will be preregistered
with the Open Science Framework to promote accountability.
Data for this study come from a large (N=1248 couples; N=2496
individuals) web-based RCT with a Sequential Multiple
Assignment Randomized Trial design [44]. Sequential Multiple
Assignment Randomized Trial designs are experiments that
allow researchers to develop adaptive interventions and reassign
nonadherent participants [44]. This was done by varying the
levels and types of coach contact that a couple receives. In this
study, couples were initially assigned to one of five conditions:
OurRelationship coach, OurRelationship automated (email
only), ePREP coach, ePREP automated (email only), and the
waitlist control condition. However, couples initially assigned
to the no-coach condition that did not complete scheduled
web-based activities for >2 weeks underwent a second
randomization: to continue the program without a coach or to
be assigned to a coach for the remainder of the program. Those
who were randomized to continue without a coach were still
allowed to access the program, complete the activities, and were
still sent automated reminders. In contrast, those who were
randomly reassigned to receive coach contact were emailed by
a coach and invited to schedule a call. Couples in this contingent
coach condition received up to 3 additional calls (for a maximum
of 4 calls) depending on where in the program they were when
they stopped making adequate progress. This full variability of
possible coaching contact, all of which involved random
assignment, will allow us to determine the most powerful
predictors of which couples should receive 4 15-minute coach
calls, those who should simply receive emails, and those who
should receive contingent coach contact after displaying patterns
of treatment nonadherence.

Inclusion and Exclusion Criteria
To be eligible for participation, couples had to live in the United
States, be married, engaged, or living together for at least six
months, report a household income >200% of the federal poverty
line, and be between the ages of 18 and 64 years inclusive. In
addition, couples had to agree not to seek help for their
relationship for the next 6 months and needed to speak English
or Spanish fluently. Couples were excluded if they reported
severe IPV within the past 6 months (eg, choking, beating,
threatening with a deadly weapon, or forced sex), did not have
access to highspeed internet, or had previously participated in
an ePREP or OurRelationship program.

Participants
A total of 226 couples were randomly assigned to the
OurRelationship coach condition, 145 couples were assigned
to the OurRelationship contingent coach condition, and 145

couples were assigned to the OurRelationship automated (ie,
email only) condition. Similarly, 222 couples were assigned to
the ePREP coach condition, 143 couples were assigned to the
ePREP contingent coach condition, and 143 couples were
assigned to the ePREP automated (ie, email only) condition. A
total of 224 couples were assigned to the waitlist control
condition. In total, 4 individuals from the OurRelationship coach
condition, 2 from the OurRelationship contingent coach
condition, and 2 from the OurRelationship automated condition
asked to discontinue and have their data removed from the study.
Furthermore, 3 individuals from the ePREP coach condition, 2
from the ePREP contingent coach condition, and 3 from the
ePREP automated condition asked to discontinue and have their
data removed from the study.

In total, 47.5% (1178/2480) of the sample identified as male,
and 52.5% (1302/2480) of the sample identified as female. The
average length of the relationship was 5.74 years (SD 5.18).
Most of the participants reported belonging to an
opposite-gender relationship (2318/2480, 93.47%), and a smaller
percentage were in same-gender relationships (162/2480,
6.53%). Most participants identified as White non-Hispanic
(1520/2480, 61.29%), fewer identified as Black (434/2480,
17.5%), White Hispanic (279/2480, 11.25%), Black Hispanic
(28/2480, 1.13%), American Indian or Alaskan Native (23/2480,
0.93%), Asian (17/2480, 0.69%), Hawaiian or Pacific Islander
(4/2480, 0.16%), and Biracial (86/2480; 3.47%); and 3.59%
(89/2480) of participants belonged to a race that was not listed.
Furthermore, 6.81% (169/2480) of participants did not have a
degree or diploma, 12.3% (305/2480) had earned a general
education diploma, 14.23% (353/2480) had completed high
school, 8.23% (204/2480) had a technical or vocational
certification, 22.54% (559/2480) had some college degree,
8.83% (219/2480) had graduated with an associate’s degree,
10.69% (265/2480) had a bachelor’s degree, and 2.38%
(59/2480) had a master’s or advanced degree.

Measures: Outcome Variables

Program Completion
The first outcome of interest in this study is whether a couple
completes all the required activities in the program to which
they are assigned. Couples that complete all (100%) the
activities to which they are assigned will be coded as 1, whereas
couples that do not complete all the program activities will be
coded as 0.

Relationship Satisfaction
Relationship satisfaction will be measured using the Couples
Satisfaction Index–4 [45]. The Couples Satisfaction Index was
developed using item response theory and has better
psychometric properties than much longer measures of
relationship quality. The reliability of the current scale is
excellent among low-income, help-seeking couples (Cronbach
α=.92) [17]. Furthermore, this scale is highly correlated with
past measures of relationship quality (r>.78) and positive
communication (r>.75), providing evidence its validity [45].
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Measures: Predictor Variables

Demographic Variables
Although support for demographic variables and their
relationship to treatment adherence varies, a host of demographic
variables will be included as candidate predictor variables.
Predictor variables include race, ethnicity, household income,
age, gender, as well as identifying as a same-gender couple.

Baseline Measures of Relationship and Individual
Symptomology
In line with the consistencies in previous research and in
addition to relationship satisfaction, several measures of
relationship symptomology will be used as possible candidates
to predict program completion and gains in relationship
satisfaction.

Breakup Potential

Breakup potential will be assessed using a three-item
Likert-style measure adapted from the Marital Instability Index
(The thought of ending my relationship has crossed my mind),
which has good internal consistency (Cronbach α=.83) in past
RCTs involving low-income couples [17,46].

Relationship Commitment

To assess relationship commitment, this study plans to use a
single-item Likert-style measure developed by the ACF (ie,
How much do you agree or disagree with this statement? I view
our marriage/relationship as lifelong).

Intensity of the Biggest Relationship Problem

The intensity of a couple’s biggest relationship problem could
be a powerful predictor of nonadherence. This construct was
measured using a single item on a Likert-style scale (ie, How
big of a problem is the biggest problem (core issue) in your
relationship?).

Communication Conflict

This form of negative communication was measured using a
Likert-style scale developed by the ACF (ie, My partner/spouse
was rude or mean to me when we disagreed). Past RCTs using
this measure have reported good internal consistency (Cronbach
α=.89) [17].

Emotional Support

As another measure of baseline relationship symptomology,
emotional support was measured using a five-item measure
developed by the ACF. Past RCTs using this measure have
reported good internal consistency (Cronbach α=.83) [17].

Intimate Partner Violence

Minor levels of IPV were assessed using 7 items created in
consultation with the National Domestic Violence Hotline [17].
Among others, participants were asked to indicate how often
their partner pushed, slapped, or punched them in the past
month. Responses were recorded on a Likert-style scale. Internal
consistency in past RCTs with low-income couples has been
acceptable (Cronbach α=.78) [17].

Measures of External Stress

Overview

In addition to including predictors of relationship well-being,
the inclusion of measures assessing external stress has been
shown to be a consistent predictor of treatment adherence. In
addition, as this is measured at the individual level, this may
highlight within-relationship differences that may aid in the
prediction of treatment nonadherence and satisfaction gains.
This study intends to measure psychological distress and general
health using the following measures:

Psychological Distress

To assess individual distress, this study intends to use the
Kessler Psychological Distress Scale (During the past 30 days,
how often have you felt nervous) [47]. This is a high-precision,
6-item, Likert-style measure developed using the item response
theory. In a past RCT with a low-income sample, this scale had
good internal consistency (Cronbach α=.86) [48]. Furthermore,
this scale has excellent discrimination when attempting to detect
severe cases of psychopathology, providing evidence of its
validity [47].

Perceived Stress

To assess perceived distress, this study intends to use the
Perceived Stress Scale, a 4-item Likert-style measure (In the
last 30 days, how often have you felt that you were unable to
control the important things in your life?) [49]. A past RCT has
indicated that internal consistency was acceptable (Cronbach
α=.74) [48].

Chaos

Another measure of external stress will include a single-item
measure of chaotic events that an individual may experience in
their relationship. This will be assessed using a
check-all-that-apply item developed by the ACF; that is, the
following are a list of events that may cause stress for you and
your partner. Check each thing (or similar thing) that has
happened to you in the past month. Some of the answers from
this item include changes in work schedule, changes in
childcare, changes in family structure, or changes in finances.

General Health

Impacts on the physical well-being (eg, a chronic illness) of
one individual may prevent both members of the dyad from
completing the program. To assess general health, this study
intends to use a single-item measure of general well-being on
a Likert-style scale developed by the ACF (ie, In general, how
would you describe your health).

Measures of Motivation
A final category of predictors of treatment adherence is the
motivation to complete the treatment. In line with the literature,
motivation will be measured using grit and motivation to change.

Grit

One measure of motivation is grit or passion and perseverance
for long-term goals under challenging circumstances [50].
Despite the challenges accompanying relationship distress,
perseverance to complete the program regardless of these
challenges may be an important indicator of treatment adherence
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and gains. In the standardization sample, internal consistency
ranged from acceptable to great (Cronbach α=.73-.83), and the
measure was strongly correlated with conscientiousness
(r=.73-.77), providing evidence of the scale’s reliability and
validity.

Motivation to Change

Participants’ motivation to change will also be measured with
the following item adapted for this study: Which of the following
statements best describes your view of your current relationship
problems [51]? Participants will respond on a four-point
Likert-style scale ranging from I don’t think I have relationship
problems and therefore nothing should be done about it (coded
as 0) to I know I have relationship problems, and I am here to
take action to work on them now.

Data Analysis
In an effort to reduce computational complexity, rather than
using individual responses, responses from both members of
the couple will be combined in the average score for the couple
for each of the continuous predictor variables listed above as
well as the continuous outcome variable (ie, relationship
satisfaction).

Data Analysis Plan for Aim 1: Examining the Prediction
Accuracy of the Within-Group Models Using the
Random Forest Algorithm
The first research question asks: how well can one predict
program completion and anticipated gains within (1) the
full-coach condition, (2) the automated coach condition, and
(3) the contingent coach condition? To ensure that the different
programs do not account for a substantial portion of the variance
when predicting program completion or changes in relationship
satisfaction, a test will be performed where 2 models will be
created and compared. In the first model, all predictors will be
interacted with the level of coaching (full, contingent, and
automated) and the program assignment (ie, OurRelationship
and ePREP) resulting in Predictor×Treatment×Coaching
interactions. However, the second model will maintain all
predictors by coaching interactions but drop all program
assignment interactions (ie, resulting in only Predictor×Coaching
interactions). Next, the root mean square error (RMSE) between
the 2 models will be compared. If the null hypothesis does not
get rejected (H0: RMSEModel 1 = RMSEModel 2), program
assignment will be ignored resulting in 3 conditions (full,

contingent, and automated coaching), which will be used in the
proceeding aims. If the interactions account for a significant
portion of the variance (Ha = RMSEModel 1 ≠ RMSEModel 2),
independent models will be built by treatment (ie,
OurRelationship or ePREP) and coach condition (full,
automated, and contingent) resulting in 6 models:
OurRelationship full coach, OurRelationship automated coach,
OurRelationship contingent coach, ePREP full coach, ePREP
automated coach, and ePREP contingent coach, which will be
used in the proceeding aims.

These models will be built using the random forest algorithm
[52]. The random forest algorithm reduces overfitting by
bootstrapping or fitting several different trees to subsets of the
sample to inform the predictions (ie, bagging) [52]. Once the
ensemble of trees is generated, the outputs from all the trees are
aggregated, and the prediction is generated. Its ability to predict
treatment outcomes for individuals and couples has been proven
in several precision medicine studies [13,14]. Thus, in the first
aim of this study, the random forest algorithm will be used to
accurately predict the within-group likelihood that a couple
completes the OurRelationship and ePREP programs in (1) the
full-coach condition, (2) the automated coaching condition, and
(3) the contingent coach condition as well as the magnitude of
their gains in relationship satisfaction. The model characteristics
address the model performance on the test data set. For binary
outcomes (program completion), the model characteristics used
to evaluate the validity of the model include sensitivity,
specificity, positive predictive value, and negative predictive
value of the model built on the test data set (Figure 1). Model
sensitivity is measured by the percentage of true positives (ie,
a/a+c). Model specificity is the percentage of true negatives (ie,
d/d+b). A model’s positive predictive value yields a positive
test result and the probability that the participant will complete
the program (ie, a/a+b). Finally, a model’s negative predictive
value yields negative test results and the probability that the
participant will not complete the program (ie, d/d+c). Good
models for binary outcomes include models whose sensitivity,
specificity, positive predictive value, and negative predictive
value are closest to 1. For continuous outcomes (ie,
improvements in relationship satisfaction), model accuracy will
be evaluated using the RMSE. The RMSE is a measure of
absolute fit and is the square root of the variance of the residuals;
smaller values indicate better fit.
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Figure 1. A two-by-two table visually displaying model characteristics.

Data Analysis Plan for Aim 2: What Are the Most
Important Within-Group Predictors?
The second research question is: what are the most powerful
predictors of treatment adherence and gains in relationship
satisfaction within (1) the full-coach condition, (2) the automated
coach condition, and (3) the contingent coach condition? If, in
aim 1, the interaction terms result in a lower RMSE, better
sensitivity, or better specificity, models will be constructed
based on treatment assignment (ie, OurRelationship or ePREP)
and coach assignment (ie, full, contingent, or automated). One
statistically powerful way to test the most potent predictors of
treatment adherence and gains is through the use of variable
importance (VIMP). VIMP is a nonparametric approach within
the random forest algorithm, which can help investigators
identify which variables play a key role in predicting a binary
(eg, program completion) or continuous (eg, improvements in
relationship satisfaction) variable [53]. VIMP has been
calculated in many ways in the past; however, one way that has
shown promise has been through permutation (ie,
Briemen–Cutler) importance [53]. This method randomly
changes a given variable’s out-of-bag data and compares and
averages the permuted prediction error with the original error
resulting in VIMP [53]. This process not only helps identify
which variables play a key role in prediction but also overcomes
issues of overtesting using bootstrapping. Recent studies have
used these out-of-bag estimates to generate CIs to test whether
a variable has a meaningful effect in predicting an outcome with
great success [53]. Indeed, these studies have suggested that
95% CIs that do not include zero will be assumed to have
reliable predictors [53]. After identifying the most powerful
predictors using VIMP, a multiple regression model will be
estimated using the reduced set of variables to aid in the
interpretation of the main effects, helping clinicians identify
predictors of treatment adherence and gains.

Data Analysis Plan for Aim 3: Predicting Between-Group
Treatment Outcomes
Assuming that the models from the previous aim have levels
of prediction accuracy, each of the within-group models will
be used to generate predicted outcomes for each couple’s
likelihood of adhering to the program as well as their treatment
gains, creating counterfactual estimates of program completion

and treatment gains as if each couple in the data set completed
each intensity and method of coach contact [14].

To do this, the within-group models built in aim 1 will be used
to generate potential outcomes for each couple’s likelihood of
adhering as well as their gains in a (1) full coaching, (2)
automated coaching, and (3) contingent coach conditions. If,
in aim 1, the interaction terms result in a better RMSE, models
will be constructed based on treatment assignment (ie,
OurRelationship or ePREP) and coach assignment (ie, full,
contingent, or automated). The estimates between the conditions
for each couple’s between-group treatment differences between
the full and automated coaching conditions can be understood
as:

where is the between-group likelihood of treatment
adherence or gains for couple x, Ŷ(x, Full Coach) is the
within-group likelihood of treatment adherence or gains for
couple x in the full-coach condition, and Ŷ(x, Contingent Coach)
is the within-group likelihood of treatment adherence or gains
for couple x in the contingent coach condition [14]. These
hypothetical between-group outcomes will then serve as
dependent variables in a second random forest to calculate
VIMP, which will identify the most powerful predictors of
between-group differences. After identifying the most powerful
predictors using VIMP, a multiple regression model will be
estimated using the reduced set of variables to aid in the
interpretation of the main effects. This process will thereby help
clinicians determine which couples should be assigned to which
level of coach contact.

Missing Data
Finally, because missing data are anticipated, all missing data
will be imputed using the miss-forest algorithm of Ishwaran
and Kogalur randomForestSRC package in R (R Foundation
for Statistical Computing) [54]. Miss-forest has been shown to
robustly impute missing data without overfitting even if the
types of data are mixed, there are interactions, or the data are
high dimensional [55].
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Results

Data collection was completed in October 2020 and data are
being prepared to be analyzed. Overall, 63.8% (286/448) of
individuals completed the material in the OurRelationship coach
condition, 53.8% (155/288) of couples completed the
OurRelationship contingent coach condition, and 54.5%
(157/288) of individuals completed the OurRelationship
automated (ie, email only) condition. Similarly, 69.4% (306/441)
of couples completed the content in the ePREP coach condition,
74.2% (210/283) completed the content in the ePREP contingent
coach condition, and 66.2% (188/284) of couples completed
content in the ePREP automated (ie, email only) condition.
Currently, no other outcomes except for completion rates have
been analyzed. Given the large sample size within and between
conditions, the current sample is large enough to identify
potential predictor variables and evaluate their prediction
accuracy. This study is expected to conclude in the summer of
2022.

Discussion

One of the direct benefits of this study will accrue to social
services programs and program administrators of web-based
relationship education. The results of this study will allow for
more effective tailoring of coach contact to better meet the needs
of unique low-income couples experiencing relationship distress.
A second benefit is the improvement of web and evidence-based
interventions. The federal government is increasing emphasis
on delivering evidence-based interventions and, given the social
distancing regulations put in place because of COVID-19,
participation in web-based programs will likely increase either
as an initial intervention or as a backup intervention in cases
where in-person services are suspended. Thus, it is important
that web-based federal services are as effective and accessible
as possible. Overall, this study hopes to help practitioners by
generating accurate predictions to match unique couples to the
level of web-based programming that will help them to obtain
the maximal benefit.
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Abstract

Background: Adequate intake of macro- and micronutrients and adoption of an active lifestyle during pregnancy are essential
for optimum maternal and fetal health and offspring development. Dietary counseling and advice regarding adequate physical
activity are integral components of antenatal care. Personalized coaching through the use of mobile health (mHealth) that supports
behavior modification is an innovative approach that needs exploration.

Objective: Our primary aim is to assess the efficacy of an mHealth program in improving diet, supplement use, and physical
activity during pregnancy. Secondary objectives include evaluation of the program’s effect on maternal and offspring health
outcomes and assessment of its compliance and usability.

Methods: A randomized controlled trial was initiated at the Aga Khan University Hospital in Karachi, Pakistan, in January
2020. We aim to recruit 300 pregnant women in their first trimester who have smartphones, do not have comorbidities, and are
not taking medications. The intervention group will be trained to use an mHealth app called PurUmeed Aaghaz. Through this
app, the subjects will report information about their diet, supplement use, and physical activity and will receive personalized
advice and three push messages as weekly reminders. The research assistant will obtain similar information from the control
group via a paperless questionnaire; this group will receive standard face-to-face counseling regarding diet, supplement use, and
physical activity. Data will be collected at enrollment and during four follow-up sessions scheduled 6 weeks apart. Primary study
outcomes include improvements in diet (ie, change in mean dietary risk score from baseline to each follow-up), supplement use
(ie, changes in mean supplement use score and biochemical levels of folic acid, iron, calcium, and vitamin D on a study subset),
and mean duration of reported physical activity (minutes). Secondary study outcomes relate to maternal health (ie, gestational
diabetes mellitus, gestational hypertension, pre-eclampsia, and gestational weight gain), newborn health (ie, birth weight and
length and gestational age at delivery), and infant health (ie, BMI and blood pressure at 1 year of age). Compliance will be
determined by the proportion of participants who complete the 6-month coaching program. Usability will be assessed based on
features related to design, interface, content, coaching, perception, and personal benefit.

Results: The study was approved by the Ethics Review Committee of the Aga Khan University in 2017. The recruitment of
study participants was completed in September 2021. All follow-ups and outcome assessments are expected to be completed by
March 2023 and analysis is expected to be completed by June 2023. We expect the results to be published by the end of 2023.
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Conclusions: This study will be an important step toward evaluating the role of mHealth in improving behaviors related to a
healthy diet, supplement use, and promotion of physical activity during pregnancy, as well as in influencing maternal and offspring
outcomes. If proven effective, mHealth interventions can be scaled up and included in antenatal care packages at tertiary care
hospitals of low- and middle-income countries.

Trial Registration: ClinicalTrials.gov NCT04216446; https://clinicaltrials.gov/ct2/show/NCT04216446

International Registered Report Identifier (IRRID): DERR1-10.2196/31611

(JMIR Res Protoc 2021;10(11):e31611)   doi:10.2196/31611
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Introduction

Role of Maternal Diet and Micronutrient Supplement
Use
Maternal diet serves as a critical prenatal modifiable factor that
influences fetal growth and development. Inadequate
consumption of macronutrients (ie, proteins, carbohydrates, and
fats) and micronutrients, especially folic acid, iron, calcium,
and vitamin D, may influence the programming of the
offspring’s organs with health consequences during the life
course [1]. Evidence suggests strong associations between
maternal undernutrition and fetal growth restriction [2].
Consumption of a Mediterranean-type diet rich in fruits and
vegetables produces a remarkable decrease in the risk of preterm
birth [3,4], hypertension [5], and gestational diabetes mellitus
[6]. Adequate consumption of fish and folic acid has beneficial
effects on the prevention of pre-eclampsia and gestational
hypertension [7, 8].

Poor nutrition during the sensitive phase of the first trimester
of pregnancy not only affects growth in the later trimesters and
birth weight [9-11] but could also derange epigenetic
programming, resulting in long-lasting health consequences
[12]. Subtle variations in nutrition during pregnancy and lifestyle
factors may influence the risk of noncommunicable diseases
without affecting birth weight [13].

The association of micronutrient deficiencies with unfavorable
maternal and fetal outcomes is well established. Maternal anemia
accounts for low birth weight (12%), preterm births (19%), and
perinatal mortality (18%) [14]. Low serum folate levels and
absence of folic acid supplementation are associated with
preterm births [15]. Similarly, vitamin D and calcium
deficiencies are causally linked to pre-eclampsia, gestational
diabetes mellitus, preterm delivery, and low birth weight [16].

Physical Activity During Pregnancy
In addition to diet and micronutrients, physical activity is also
known to influence maternal and fetal outcomes. Regular
physical activity is recommended during pregnancy for
prevention of gestational diabetes and pre-eclampsia [17,18].
The American College of Obstetricians and Gynecologists
(ACOG) recommends at least 150 minutes of moderate-intensity
aerobic activity every week, or at least 30 minutes on most days
of the week, for pregnant women [17,19]. Aerobic activities
involve rhythmic movement of large body muscles, such as

those in the legs and arms. Moderate intensity refers to moving
enough to raise the heart rate and to sweat while being able to
talk normally but not being able to sing [20].

Maternal Health Status in Pakistan
Women of reproductive age in Pakistan are facing a triple
burden of malnutrition. A significant proportion of them are
underweight (14.4%), overweight (24%), or obese (13.8%) [21].
In addition, there is a high prevalence of micronutrient
deficiency, particularly regarding iron (18.2%), calcium (26.5%),
and vitamin D (79.7%) [21]. There is also a substantial burden
of high-risk pregnancies, causing such complications as
gestational hypertension (6.5%) [22], pre-eclampsia (2.4%)
[22], and gestational diabetes mellitus (3.3%-17.2%) [23,24].
Pakistan ranks 4th among the top 10 countries with regard to
preterm births (16 per 100 live births) [25] and the prevalence
of babies with low birth weight (22%) [26].

Of further concern are the suboptimal nutritional indicators for
women living in urban areas, where only 42.2% of them have
normal BMI compared to 48.5% in rural areas. A significant
proportion of these women suffer from undernutrition (12%),
overweight (26.5%), and obesity (17.2%) [21]. Also, vitamin
D deficiency is more common in urban (83.6%) than in rural
(77.1%) settings [21].

Lately, women in Pakistan, in addition to fulfilling their
reproductive responsibilities, have started participating in
economic activities to support their careers and families. About
17% of women are employed nationwide, and 21% of women
who have ever been married are working in the province of
Sindh [26]. When they enter pregnancy as nutritionally
compromised, these women are found to further neglect their
health due to work and other responsibilities [21]. Further,
interventions for improving maternal nutrition in Pakistan have
been mainly in the form of supplementation of folic acid, iron,
multiple micronutrients, calcium, and iodine, as well as balanced
protein-energy supplementation [27].

Given the significant magnitude of maternal undernutrition and
adverse perinatal outcomes in Pakistan, there is a need to adopt
innovative counseling strategies during the critical antenatal
period that would regularly remind women to pay attention to
their diet and physical activity needs. This would not only reduce
the risk of maternal complications, such as pre-eclampsia,
pregnancy-induced hypertension, and gestational diabetes, but
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would also improve the immediate and long-term health of the
newborn.

mHealth Interventions During Pregnancy
The antenatal period represents a major life event when
self-motivation to improve diet and lifestyle is often high. This
transition to parenthood provides an incredible opportunity,
based on the theory of planned behavior [28], because of the
willingness to adapt, keeping in mind the expected benefit of
having a healthy baby [29]. Hence, communication strategies
using mobile health (mHealth) can serve as an awareness tool
for desired adjustment in diet and physical activity through
positive reinforcement and by offering practical and
evidence-based suggestions.

Smarter Pregnancy is one such mHealth intervention launched
among the Dutch population in their local language [30]. It was
introduced as an online, device-independent, web-based
coaching platform for couples during their periconception and
pregnancy periods for dietary improvement, folic acid use, and
alcohol and smoking cessation [30]. The program consisted of
6 months of interactive coaching through tailored and
personalized short text messages and emails; the program
showed high compliance (65%) and usability (55%), as well as
significant improvement in diet and lifestyle behaviors [30].

Emergence of mHealth in Pakistan
Being home to a population of over 220 million, Pakistan is
experiencing an enormous increase in the digital landscape that
parallels the global increase in internet access (45%) and mobile
phone subscriptions (96%) [31]. Nationwide, the proportion of
internet users has increased by 17% from 2019, reaching 76.38
million in 2020 [32]. According to the recent Digital Pakistan
Policy, the Ministry of National Health Services has received
support for the promotion of telemedicine and disease prevention
information through information and communication tools [33].
With the potential to reach a great proportion of the population
at a low cost [31,34], tailored health promotion messages
through new delivery modes, such as the internet and mobile
phones, have shown promising effects in improving nutrition,
lifestyle, and compliance to medication [34-37].

mHealth-Related Interventions in Pakistan and the
Existing Gap
Recently, a few mHealth initiatives have been introduced, such
as the Baby+ app for pregnant women in urban areas [38]; the
MotherCare app in Swat District [39]; Marham, a private
initiative [40]; and Teeko, an Android-based app for improving
childhood immunization in rural Sindh [41]. However, there
has been no systematic assessment of any locally developed
mHealth apps for pregnant women targeted toward improvement
in diet, supplement use, and physical activity.

Using an mHealth platform, we intend to empower pregnant
women and their health care providers to identify modifiable
dietary and lifestyle inadequacies and to receive personalized
coaching to address them.

Study Objectives

Primary Objective
Our primary objective is to assess the efficacy of an mHealth
coaching intervention compared to standard face-to-face
counseling in improving (1) maternal diet by 30%, (2)
supplement use (ie, iron, folic acid, calcium, and vitamin D) by
30%, and (3) physical activity by 20%.

Secondary Objectives
Our secondary objectives are to conduct the following:

1. Investigate the efficacy of the intervention regarding the
following:
• Reducing incidence of gestational diabetes mellitus,

gestational hypertension, and pre-eclampsia.
• Improving mean gestational weight gain and mean

weight, length, and gestational age at birth.
• Improving mean BMI and blood pressure at 1 year of

age.

2. Evaluate compliance (ie, completion of the 6-month
program) and usability (ie, design and interface, content
and coaching, and perception and personal benefit) of the
mHealth app among women in the intervention group.

Methods

Target Population
Our target population is pregnant women in their first trimester
from the urban area of Karachi, Pakistan.

Study Goal
Our study goal is to assess the role of the mHealth program in
improving the behaviors of pregnant women related to diet,
supplement use, and physical activity. In addition, we are
interested in assessing whether the maternal, newborn, and
infant outcomes differ between those who use the program
compared to those who do not.

Study Hypothesis
We hypothesize that the mHealth coaching program will be
effective in improving diet and supplement use among pregnant
women by 30% and physical activity by 20% during the study
period.

Study Design
This study is a parallel-group, randomized controlled superiority
trial with two groups (ie, intervention and control) having an
allocation ratio of 1:1. The trial was registered at
ClinicalTrials.gov (NCT04216446) on January 2, 2020. The
intervention to be tested is an mHealth program that was
developed locally to collect dietary, supplement use, and
physical activity information from pregnant women and to
provide personalized counseling tailored to the screening
information. The control group will receive standard counseling
with similar content, but the content will not be personalized
and will be delivered through face-to-face sessions.
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Study Setting
The study is taking place at the Aga Khan University Hospital
(AKUH) in Karachi, Pakistan. AKUH is a private, not-for-profit,
tertiary care hospital, recognized for its trained health care
professionals who specialize in providing high-quality
compassionate care and for a full range of specialty services
[42]. It is also certified by the Joint Commission International
Accreditation. The study participants were recruited on a daily
basis from the antenatal clinics that are run by trained
obstetricians. Most obstetricians, on average, see 25 to 30
pregnant women every day in the clinic.

Enrollment Criteria
Pregnant women 18 years or older and in their first trimester
are eligible to participate if they possess a personal smartphone

with internet connection and agree to remain in the study until
1 year following the birth of their baby. Pregnant women on
dietary control secondary to the diagnosis of diabetes mellitus;
taking medications, such as antiplatelet aggregators,
hypoglycemic drugs, or antihypertensive drugs; who have
autoimmune, liver, or kidney disease; or who are unable to read
and write due to a language barrier will be excluded from the
study.

Sampling Strategy and Randomization
Participants were identified using a purposive sampling strategy
and were randomly assigned to the study groups using simple
block randomization (block size of 6). The Clinical Trials Unit
at AKUH facilitated the computer-generated randomization and
provided opaque, sealed envelopes to the research team to ensure
concealment of the assignment (Figure 1).
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Figure 1. CONSORT diagram of the study. AKUH: Aga Khan University Hospital; mHealth: mobile health.

Recruitment
At the antenatal clinics, participants were approached to assess
their eligibility and to obtain written informed consent. The data
collector explained, in detail, the study’s aims and procedures
involved in order to facilitate women’s participation and ensure
compliance in the study. A signed copy of the consent form was
provided to the participants. Enrolled participants were
randomized to one of the two groups (Figure 1).

Web-Based mHealth Program: PurUmeed Aaghaz
The web-based mHealth program, called PurUmeed Aaghaz (a
hopeful beginning), was designed and developed locally with
the assistance of the Digital Health Resource Center (DHRC)
of the Aga Khan Development Network. It is an online,
device-dependent app designed to function on Android and
iPhone operating systems. It was developed based on the
scientific evidence of recommended dietary, supplement use,
and physical activity guidelines during pregnancy. Moreover,
the coaching platform takes into consideration the theory of
planned behavior [43], the theory of self-efficacy [44], the Fogg
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behavior model [45], and the transtheoretical model for behavior
change [46]. Furthermore, the preference, availability, and
consumption of locally available items from all the major food
groups; supplement use (ie, folic acid, iron, calcium, and vitamin
D); and physical activity were taken into account during the
development of the app. Based on the participants’ data, the
app will generate tailored and personalized counseling messages

and recommendations for the pregnant women regarding diet,
supplement use, and physical activity. This app will be available
to the participants who are randomized to the intervention group
as a free subscription, starting from enrollment during their first
trimester and for the entire duration of their pregnancy (Figure
2).

Figure 2. Screenshots of the PurUmeed Aaghaz app.

Features of the mHealth Program
The mHealth program has three main features, as discussed in
the following three sections.

Personalized Recommendations and Dietary Risk Scores
Submission of completed questionnaires by the participants in
the first trimester will generate recommendations based on an
algorithm. This algorithm will compare participants’ information
with the recommended dietary [47], supplement use [48-50],
and physical activity guidelines [19] for pregnant women as
described in the Counseling for Diet, Supplement Use, and
Physical Activity section below. In addition, individualized
dietary risk scores for food quantity and diversity in diet will
also be generated.

Push Messages
Content from the individual coaching sessions will be delivered
three times a week in the form of short push messages containing
tips and recommendations for diet, supplement use, and physical
activity. These messages will be short, simple, and easy to
comprehend. Women will be alerted to these messages through
notifications on their phones, and these will be available in the
app under the “advice” option.

Food Record Diary
A built-in food record diary will be available to document
information about the food items consumed in a day for
breakfast, lunch, dinner, and snacks, along with their portions.

Women will be asked to complete the food record diary in their
smartphones for a week before their next follow-up, so as to
reduce the chance of recall bias. On the follow-up day, the diary
will be synced with the data collection tool. Any missing
information will be added during the interview.

Counseling for Diet, Supplement Use, and Physical
Activity

Diet
Women randomized to the intervention group will receive
dietary advice based on the World Health Organization (WHO)
guidelines for healthy eating during pregnancy and breastfeeding
[47]. We have also consulted guidelines by the WHO for healthy
diet [51], the ACOG for nutrition during pregnancy [52], and
the Food and Agriculture Organization of the United Nations
[53] for the development of content for the push messages. In
these messages, consumption of food from six main food groups
will be encouraged as follows: bread, cereals, rice, and potato
group (6-11 portions per day); vegetable group (at least 3
portions per day); fruit group (at least 2 portions per day); milk
and dairy products group (3 portions per day); fish, poultry,
meat, and beans group (2 portions per day); and butter,
margarine, and oil group (less than 30% of total calories,
preferably as unsaturated fats) [51]. In addition, women will be
advised to consume three meals and two snacks per day to avoid
prolonged periods of fasting and to consume monounsaturated
fats, adequate protein, fiber-rich carbohydrates, and at least two
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servings of omega-3–rich fish per week. Consumption of vitamin
A will be encouraged from plant sources as beta carotene.
Further, advice will be given to limit intake of carbohydrates
with a high glycemic index (eg, fruit juices and sodas).

Supplement Use
WHO guidelines for micronutrient supplements during
pregnancy will be used to counsel women. These will include
daily oral supplements of folic acid (0.4 mg) [48], iron (30-60
mg) [49], calcium (1500-2000 mg) [49], and vitamin D (200
IU) [50].

Physical Activity
Based on ACOG guidelines [19], women will be advised to
engage in moderate-intensity aerobic physical activity for at
least 150 minutes over the week or 30 minutes on most days of
the week. Moreover, they will be encouraged to limit prolonged
periods of being sedentary [54].

Control Group
Women randomized to the control group will provide their
dietary, supplement use, and physical activity information on
a paperless questionnaire administered by the research assistant.
Face-to-face counseling will follow, using the bilingual
educational brochure from the AKUH on diet during pregnancy
and ACOG guidelines for physical activity [19]. A copy of the
educational brochure and a paper-based food record diary to be
filled in a week prior to their next follow-up will also be
provided to women in the comparison group.

Follow-Up
Follow-ups will be done four times, every 6 weeks: 6, 12, 18,
and 24 weeks from the time of enrollment in the first trimester
to monitor improvement, if any. For the intervention group,
results of each follow-up and their comparison with the earlier
one will be displayed on each participant’s personal page of the
app. A summary of the individual results will be able to be
viewed at any moment by the participant and handed over or
shared with their obstetrician by email for further assessment
and care. The control group will receive face-to-face counseling
at each follow-up.

Data Collection Tools

Screening Questionnaire
A comprehensive questionnaire has been developed to collect
data from the participants on sociodemographic characteristics,

general food information, anthropometric and blood pressure
measurements, biochemical assessments, obstetrics history and
supplement use, dietary consumption for the past 7 days
recorded as quantity and quality of each food group, and
physical activity history for the past 7 days. In addition, intake
of savory and fast food, water, tea, coffee, carbonated beverages,
and substances such as smoked and smokeless tobacco will be
recorded. The questionnaire has been developed after consulting
experts and reviewing various dietary assessment tools and
programs, such as the 24-hour dietary recall [55], food frequency
questionnaires [55], and the Smarter Pregnancy program [56].
The questionnaire has been pretested on 5% of the sample and
has been further improved.

Food Record Diary
Information about the frequency and portions of food consumed
from different food groups over 7 days before the participants’
next follow-up will be collected in the food record diary. The
intervention group will report this information in the PurUmeed
Aaghaz app, while the control group will be required to record
this information in a paper-based diary.

Biochemical Assessment of Micronutrient Status
In order to validate the information related to dietary intake,
every 5th woman enrolled in the intervention and control
groups—a subset of 30 women from each group—will undergo
a free biochemical assessment of serum iron, ferritin, calcium,
and vitamin D at baseline and at the end of the study at the
AKUH laboratory. The specimens will be discarded once
analyzed by the laboratory.

Outcome Assessment Questionnaire
A brief questionnaire has been developed to record information
about the study outcomes. The data about maternal and newborn
outcomes will be obtained from the medical records, while
infant height, weight, and blood pressure will be measured by
the trained research assistant.

Usability Assessment Questionnaire
A questionnaire containing 26 questions has been developed to
assess the experience of using the mHealth program based on
six domains: design, interface, content, coaching, perception,
and personal benefit (Figure 3) [36].
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Figure 3. Components of the usability assessment of the mobile health (mHealth) app.

Sample Size Calculation
Sample size has been calculated using OpenEpi (version 3.01).
Based on assumptions of an α error of .05, a β error of .2, a 1:1
ratio of exposed to intervention to unexposed to intervention,
and improvement in dietary intake and supplement use by 30%
in the intervention group from a baseline of 20% [36], a sample
size of 45 women in each group will be required. Based on the
hypothesized 20% improvement in physical activity from a
baseline of 36% [57], our sample size requirement increased to
107 women in each group. To reach 65% compliance [36],
approximately 300 women will be needed for this study.

Expected Primary Outcomes

Dietary Intake: Quantity and Quality
Change in dietary intake between baseline and four subsequent
follow-up visits 6 weeks apart will be assessed through a

questionnaire. Based on consumption recorded in the food diary,
data will be collected on the frequency and amount of all kinds
of food consumed at each meal, including fruits and vegetables,
red meat, white meat, legumes, nuts, eggs, dairy products, added
table salt, and drinks (eg, carbonated drinks, fresh juices, and
prepared juices). Averages will be calculated to determine the
daily intake. Food sizes and amounts will be explained with the
help of model utensils (ie, plate, bowl, and glass).

Dietary risk scores, ranging from 0 to 18, will be calculated
based on the consumption of food items from six main food
groups. Based on portions and diet quality, the score for each
food group will be 0, 1.5, or 3 (Table 1) [58]. The total score
will be the sum of individual food group scores. The higher the
aggregate score, the poorer the dietary quantity and quality, and
vice versa. Hence, a score of 18 indicates a highly inadequate
dietary intake, a score of 9 indicates a nearly adequate dietary
intake, and a score of 0 indicates an adequate diet [58].
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Table 1. Dietary risk score for six food groups.

Dietary risk scoreFood group and characteristicsa

31.50

Bread, cereals, rice, and potato

<3 portions3 to <6 portions6 portionsQuantity

<25% of whole grains25% to <50% of whole grains≥50% of whole grainsQuality

Fruits

<1 portion1 portion≥2 portionsQuantity

Juices and/or shakes only<50% of whole fruits and >50%
shakes or fruit juices

Whole fruit consumptionQuality

Vegetables

<1.5 portions1.5 to <3 portions≥3 portionsQuantity

Only in one form<1/3 raw and >2/3 cooked>1/3 raw and <2/3 cookedQuality

Fish, poultry, meat, and beans

<1 portion1 portion2 portionsQuantity

No fish, no plant-based protein, only
meat

Fish >2 or <1 times/week; meat >2
or <1 times/week; plant-based pro-
tein 2 to <4 times/week

All sources (fish and meat 2
times/week; plant-based protein ≥4
times/week)

Quality

Milk and dairy products

<1.5 portions1.5 to <3 portions3 portionsQuantity

NoneMilk or dairy productsMilk and dairy productsQuality

Oils and fats

>35% of total calories30% to 35% of total calories25% to 30% of total caloriesQuantity

SaturatedMonounsaturatedPolyunsaturatedQuality

aThe quantity and quality refer to the daily consumption.

Supplement Use
Supplement use will be assessed by recording the frequency of
consumption of folic acid, iron, calcium, and vitamin D in the
questionnaire. The frequency will be categorized as daily (7
days per week), often (4-6 days per week), and sometimes (1-3

days per week). Also, a total score ranging from 0 to 12 will be
assigned, where use of each supplement will be scored 0 for
daily use, 1.5 for less than daily use, and 3 for no consumption
(Table 2). The total score will be the sum of each supplement
use score and will be monitored at each follow-up.

Table 2. Scoring for use of each supplement.

Frequency of use by scoreMicronutrient supplement

Inadequate (3)In between adequate and inadequate (1.5)Adequate (0)

Not consumedOften or sometimesDailyCalcium (1.5-2 g)

Not consumedOften or sometimesDailyFolic acid (0.4 mg)

Not consumedOften or sometimesDailyIron (30-60 mg)

Not consumedOften or sometimesDailyVitamin D (200 IU)

Physical Activity
Intensity and duration (minutes) of physical activity will be
assessed through the questionnaire at baseline and at each
follow-up. Walking slowly and household tasks, such as
cooking, ironing, light physical work, driving, and washing
dishes, will be categorized as mild-intensity activities [59].
Brisk walking; gardening; household chores, such as sweeping,
washing, vacuuming, and mopping; actively playing with
children; and carrying loads under 20 kg will be classified as

moderate-intensity activities [60,61]. On the other hand,
vigorous-intensity activities will include running, fast cycling,
aerobics, swimming, sports games, or carrying loads over 20
kg [60,61].

Expected Secondary Outcomes

Maternal Health
The following four maternal conditions will be identified
through the medical records.
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Pre-eclampsia will be defined as new onset of hypertension
after 20 weeks of gestation along with proteinuria (ie, a spot
urine protein to creatinine ratio of ≥30 mg/mmol) and/or
evidence of maternal acute kidney injury, liver dysfunction,
neurological features, hemolysis or thrombocytopenia, and/or
fetal growth restriction [62].

Gestational hypertension will be defined as new onset of
hypertension (ie, blood pressure of ≥140 mm Hg systolic or ≥90
mm Hg diastolic at or after 20 weeks’ gestation) [62].

Gestational diabetes will be defined as diagnosis made by a
single-step 75-g oral glucose tolerance test conducted between
24 and 28 weeks of gestation or at any other time, with one or
more of the following results: (1) fasting plasma glucose of 5.1
to 6.9 mmol/L (92-125 mg/dL), (2) 1-hour post–75-g oral
glucose load of ≥10 mmol/L (180 mg/dL), and (3) 2-hour
post–75-g oral glucose load of 8.5 to 11.0 mmol/L (153-199
mg/dL) [63].

Due to the expected low incidence of these conditions and given
our small sample size, we shall pool these conditions as adverse
maternal outcomes.

Gestational weight gain will be determined from weights
recorded during the first, second, and third trimesters. Centiles
and z scores will be assessed using the international gestational
weight gain calculator based on the INTERGROWTH-21st
(International Fetal and Newborn Growth Consortium for the
21st Century) Project standards for gestational weight gain
[64,65].

Newborn Health
At birth, weight, height, and gestational age will be determined
from medical records. Birth weight (in grams) will be the first
weight of an infant measured soon after birth, ideally within
the first hours before significant postnatal weight loss has
occurred [66]. Length at birth will be measured from head to
toe (in cm). Both weight and length will be adjusted for sex and
gestational age at birth and compared with the
INTERGROWTH-21st Project reference [67]. Preterm birth
will be defined as spontaneous birth before completion of 37
weeks of gestation [68].

Infant Health
BMI will be assessed by measuring the weight and length of
the infant at their first birthday using standardized equipment
(seca 417 length scale and LAICA weight scale, model No.
PS3001W1). BMI will be compared with the sex- and
age-adjusted INTERGROWTH-21st reference [67]. At the same
visit, resting blood pressure will be assessed using the Dinamap
VS-900 vital signs monitor (Mindray), with an appropriate
infant-sized cuff while the infant is in a state of calm. Two
readings will be taken from the left arm, and an average will be
calculated [69]. Mean systolic and diastolic blood pressure that
is more than the height- and gender-based 90th centile will be
considered high risk [70].

mHealth Outcomes
Compliance with the intervention will be defined by the
percentage of participants who complete the 6-month program

[36]. Usability of the mHealth program will be assessed through
a usability questionnaire, where items are rated on a 5-point
Likert scale with the following responses: 1 (always), 2 (often),
3 (sometimes), 4 (rarely), and 5 (never), or 1 (strongly agree),
2 (agree), 3 (neutral), 4 (disagree), and 5 (strongly disagree).

Type of Analysis
The data for the study participants will be analyzed based on
the group to which they were initially assigned, irrespective of
the intervention they received using the intention-to-treat
approach [71]. This will preserve the benefits of randomization
and will allow us to draw inferences regarding the efficacy of
the intervention [71].

Statistical Analysis
Data will be entered and analyzed using Stata software (version
12; StataCorp LP). Data from the intervention group will be
digitalized and uploaded to the app. Categorical variables will
be reported as frequencies and percentages. Continuous variables
will be reported as means and SDs or medians and IQRs, as
appropriate. General characteristics, nutritional change in the
form of dietary risk score, supplement use, maternal outcomes,
gestational weight gain, birth weight and length, BMI, and blood
pressure will be compared using chi-square tests for proportions
and t tests and Mann-Whitney U tests for continuous variables.
A mixed-model method will be used to take into account the
repeated measurements and correlation while modeling the
fraction that scores adequately at each of the follow-up time
points. In order to minimize selection bias, we will use multiple
imputation models to handle missing data from participants
who prematurely leave the study. Possible confounding
variables, such as age, BMI, parity, previous history of
miscarriage, socioeconomic status, educational status of the
women, and occupation, will be assessed and adjusted.
Moreover, interactions will be reported if present in the model.

Data Management, Confidentiality, and Privacy
Protection
The intervention group will add data via their smartphones to
the mHealth app, which will be protected by log-in ID and
password. The data from the program will be uploaded to the
web server in real time. The server will be managed by the
DHRC team, with access available to the primary person
responsible for management of the mHealth program. The data
will be handed over to the principal investigator (PI) when
requested or upon study completion.

The data from the control group will be gathered on a database
built using Microsoft Access. The file will be password
protected and access will be limited to the PI and research
assistant. The consent forms and the completed food record
diaries will be saved in a locker, which will be secured by a
lock and key.

Quality Assurance
To ensure the validity and accuracy of the trial implementation,
hands-on training has been given to the research assistant for
data collection and for use of the mobile app over the 5 training
days using the manual of operations for data collection.
Refresher trainings will be conducted every 3 months and as
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needed. The data collected will be checked every day for
possible errors and rectification will be made on the spot. In
order to promote participant retention, they will be encouraged
to ask any questions. The project PI will closely monitor the
study and oversee its smooth implementation. Moreover, regular
project meetings will be held for progress monitoring and
troubleshooting. Since we do not anticipate changes in the
indicators at interim periods of the trial, we intend to conduct
intention-to-treat and full analyses at the end of the trial. No
adverse events related to the intervention are anticipated.

Ethical Considerations
Approval for this study has been received from the Clinical
Trials Unit and the Ethics Review Committee of the Aga Khan
University. Written informed consent will be collected from
the study subjects at recruitment. All data collected will be kept
strictly confidential and analyzed anonymously. The data shall
be used only for research purposes. In case of any changes to
the protocol, the Ethics Review Committee will be notified and
approval will be sought for amendments.

Limitations
There are few anticipated limitations of the study. Firstly, the
randomization ensures that unknown variables and confounders

are randomly distributed among the two groups; however, there
could exist residual confounding if not enough data are collected
for the confounder in question or if the categories formed are
too broad or narrow. Secondly, there could be information bias
given that the assessment of behaviors during pregnancy is
subjective and, therefore, could lead to differential or
nondifferential misclassification. For factors such as substance
use and smoking, underreporting can be experienced since these
are not socially desirable behaviors. Thirdly, participants may
experience recall limitations during the assessment of diet,
supplement use, and physical activity. However, in order to
minimize the chances of recall bias, a food record diary will be
provided to women to document accurate information. Fourthly,
the study could experience attrition bias, due to multiple
follow-ups and long duration. Fifthly, blinding was not possible
owing to the behavioral nature of the intervention. Lastly, as
the study will assess the efficacy of the intervention,
generalizability will be limited.

Study Duration and Timeline
We have completed the recruitment and allocation of the
participants. Each woman, once enrolled, is expected to remain
in the study for a period of 18 months (Table 3).
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Table 3. Study timeline.

Study period and time pointStudy steps, assessments, and out-
comes

PostallocationAllocationEnrollment

1 year of birthDelivery24 weeks18 weeks12 weeks6 weeksBaselineBaseline

Enrollment and allocation

XaEligibility screen

XInformed consent

XRandomization

XAllocation

Allocated interventions

XXXXXmHealthb coachingc

XXXXXStandard face-to-face counsel-
ing

Assessment of independent variables

XSociodemographics, general
food information, and obstet-
rics history

XXXXXBiochemical assessment infor-
mation

XXXXXDiet, supplement use, and
physical activity

Measurement of outcomes

XXXXXDiet: dietary risk score

XXSupplement use: biochemical
assessment

XXXXXPhysical activity: change in
duration

XXXXMaternal gestational diabetes

XXXXMaternal gestational hyperten-
sion

XXXXMaternal pre-eclampsia

XXXMaternal weight gain

XNewborn preterm birth

XNewborn birth weight and
length

XInfant BMI and blood pres-
sure

XmHealth program compliance
and usability

aX indicates that the item took place or was measured at this time point.
bmHealth: mobile health.
cThe mHealth coaching intervention occurs continuously over the study period and not just at the specific time points.

Results

The screening questionnaire was pretested in 2020 on 15
pregnant women (5% of the sample). We completed the study
recruitment in September 2021. Of the 300 recruited
participants, 22.0% (n=66) were lost to follow-up due to

miscarriage, change of hospital, refusal by family to continue,
or migration to another part of the country. Of these 66
participants, 64% (n=42) belonged to the intervention group.
Of the 234 participants who remained in the study, 72.6%
(n=170) have completed their four follow-up sessions. The
maternal and newborn outcomes have been assessed for 64.1%
(n=150) of the participants, and the infant assessment has been
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conducted for 2.6% (n=6) of the participants. We plan to
complete all follow-ups and outcome assessments by March
2023 and analysis by June 2023. Results are expected to be
published by the end of 2023. Trial results will be disseminated
through publications and conference proceedings.

Discussion

Maternal undernutrition and inadequate physical activity in
Pakistan pose a serious public health threat. Pregnancy is a
critical period when these behaviors directly affect fetal growth
and development and influence maternal health in terms of
pregnancy-related complications. Considering pregnancy as a

window of opportunity, identification and rectification of dietary
and lifestyle risk factors could not only provide awareness to
women but could also lead to self-actualization leading to
behavior change. Addressing dietary insufficiencies is significant
not only during pregnancy but also for the health of the offspring
throughout the life course. Dietary, supplement use, and physical
activity counseling through mHealth has the potential to change
behavior by providing tailored and personalized advice. This
study will provide the opportunity to test the influence of
cost-effective and rapidly evolving mHealth technology on
maternal and offspring health in the local context. If proven
effective, mHealth will open avenues for improving maternal
and child health in Pakistan.
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Abstract

Background: Dementia is a global public health priority with an estimated prevalence of 150 million by 2050, nearly two-thirds
of whom will live in the Asia-Pacific region. Dementia creates significant care needs for people with the disease, their families,
and carers. iSupport is a self-help platform developed by the World Health Organization (WHO) to provide education, skills
training, and support to dementia carers. It has been adapted in some contexts (Australia, India, the Netherlands, and Portugal).
Carers using the existing adapted versions have identified the need to have a more user-friendly version that enables them to
identify solutions for immediate problems quickly in real time. The iSupport virtual assistant (iSupport VA) is being developed
to address this gap and will be evaluated in a randomized controlled trial (RCT).

Objective: This paper reports the protocol of a pilot RCT evaluating the iSupport VA.
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Methods: Seven versions of iSupport VA will be evaluated in Australia, Indonesia, New Zealand, and Vietnam in a pilot RCT.
Feasibility, acceptability, intention to use, and preliminary impact on carer-perceived stress of the iSupport VA intervention will
be assessed.

Results: This study was funded by the e-ASIA Joint Research Program in November 2020. From January to July 2023, we will
enroll 140 dementia carers (20 carers per iSupport VA version) for the pilot RCT. The study has been approved by the Human
Research Committee, University of South Australia, Australia (203455).

Conclusions: This protocol outlines how a technologically enhanced version of the WHO iSupport program—the iSupport
VA—will be evaluated. The findings from this intervention study will provide evidence on the feasibility and acceptability of
the iSupport VA intervention, which will be the basis for conducting a full RCT to assess the effectiveness of the iSupport VA.
The study will be an important reference for countries planning to adapt and enhance the WHO iSupport program using digital
health solutions.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12621001452886; https://tinyurl.com/afum5tjz

International Registered Report Identifier (IRRID): PRR1-10.2196/33572

(JMIR Res Protoc 2021;10(11):e33572)   doi:10.2196/33572
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Introduction

Dementia is a global public health priority, and its global
prevalence is growing exponentially [1], tripling from 46.8
million in 2015 to approximately 150 million by 2050 [2]. The
fastest growth is occurring in the Asia-Pacific region, where 70
million people are estimated to be living with dementia by 2050
[3]. Dementia is among the leading causes of disability and
dependency in older people, creating significant care needs for
people with dementia, their families, and carers, affecting social,
health, well-being, and economic dimensions [1,2]. In 2018,
dementia was estimated to cost US $1 trillion worldwide, and
the cost is predicted to rise to US $2 trillion by 2030 [2]. The
catastrophic costs of long-term care drive many families of
people with dementia into poverty, strain health and social
systems, and is a significant impost on government budgets [1].

Approximately 60% of people with dementia live in low- and
middle-income countries (LMICs) and the costs of care are
mostly borne by family members [2]. Health and social care
systems in LMICs are often not well-developed or well-funded,
resulting in unmet care needs for people with dementia and their
carers [3,4]. In high-income countries (HICs), most people with
dementia also live at home and receive care from their families
[3,5]. Health and social care systems in HICs are often
fragmented and unable to meet all the needs of people with
dementia, especially people from culturally and linguistically
diverse (CALD) groups [6]. For example, care arrangements
and family carer input are disproportionately high for CALD
people with dementia in Australia [7] and Māori families in
New Zealand [6], which result in them experiencing more
psychological and economic burdens associated with care.

Provision of unpaid care often exposes family carers to
pronounced stress, resulting in mental and physical health
deterioration, and loss of productivity and income [1,3]. Women,
who provide the bulk of family care, are disproportionately
affected [8]. In LMICs where aged care facilities and other
formal support services are underdeveloped, such impacts can
be devastating [9]. Supporting family carers through low-cost

and sustainable nonpharmacological approaches is much needed
to avoid potentially dangerous alternatives with limited efficacy,
such as prescribing psychotropic medications, hospitalization,
and institutionalization. Providing practical support for carers
of people with dementia is viewed as an essential part of national
dementia plans to maintain the health and well-being of people
with dementia, reduce costs related to dementia, and relieve
burden on the health and social care systems [10].

Emerging web-based training and support programs have shown
positive effects on improving dementia carers’ mental health
outcomes with considerable potential for scaling up [11]. To
provide practical support for carers, the World Health
Organization (WHO) developed “iSupport for Dementia,” a
self-learning evidence-based web-based skills training and
support program for informal dementia carers, which can be
adapted for use in different countries [12]. iSupport offers
education, skills training, and support for carers, using
problem-solving and cognitive behavioral therapy techniques.
The web-based program contains 23 lessons within five
modules: (1) what is dementia; (2) being a carer; (3) self-care;
(4) providing care; and (5) dealing with behavior changes. Each
lesson comprises interactive exercises, and carers receive
immediate feedback to their answers, as well as certification
when lessons are completed.

The discontinuation of services that has resulted from
COVID-19 and its impact on carers of people with dementia
(eg, increased social isolation and caregiving burden)
emphasizes the need for concise, easy-to-read tips for dementia
family carers. This need led the WHO to develop iSupport Lite
[13]. Carer feedback from an Australian iSupport adaptation
study also demonstrated the need for iSupport enhancement
with a more user-friendly version, mechanisms for real-time
support, and provision of peer support [14]. They also identified
the need to adapt iSupport for CALD communities given their
different care needs [14]. iSupport has not been adapted for use
in most countries in the Asia-Pacific Region (APR). The
exception includes India, where study findings underscored the
need to pay close attention to cultural adaptations of the program
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to improve its acceptability and accessibility [15]. However,
cultural adaptation of the iSupport program requires resources,
which may not be achievable in many LMICs in the APR.
International collaboration is much needed to address the
resource issues.

A dearth of scientific evidence on effective cultural adaptation
is significant impediments for the uptake of iSupport in many
APR countries grappling with the public health challenges of
dementia. The e-ASIA funded e-DiVA project addresses these
gaps by (1) developing and evaluating an iSupport virtual
assistant (VA) to support dementia carers through a partnership
among four APR countries: Australia, Indonesia, New Zealand,
and Vietnam; and (2) building capacity of researchers and
nongovernment organization (NGO) partners to support this
development and evaluation. This paper reports the protocol of
a pilot randomized control trial (RCT) evaluating the iSupport
VA.

Methods

Methodological Approaches
This study will operationalize the UK Medical Research Council
guidelines for developing and evaluating complex interventions
and will focus on the first two stages of this guide: (1)
development and (2) feasibility and piloting [16]. A co-design
approach will be applied to involve carers in the design process,
focusing on the challenges and issues from their perspective
and designing solutions to enhance desirability, acceptability,
and usability of the intervention [17]. This work will culminate
in the development of the iSupport VA comprising a website
and a smart device app that will allow carers to search topics
of their choice using text or voice commands and provide video
instruction to support them in their caring role. Feasibility,
acceptability, intention to use, and preliminary impact on carer

perceived stress of the iSupport VA will be conducted via a
pilot RCT using established approaches [18,19].

Theoretical Approach
Guided by the Stress/Health model [20], this study proposes to
address the identified gaps through a 3-year research program,
which uses established theoretical and methodological
approaches to culturally and contextually adapt WHO iSupport
for use in the aforementioned 4 countries [21]. The Stress/Health
model provides a theoretical framework for understanding
multidimensional stressors (primary stressors: care recipients’
changed behavior and disability; secondary stressors: family
conflict and work difficulty) and adaptive capacities (coping
and social support) that collectively affect carer mental health
or well-being [22]. iSupport is a multi-component intervention
that builds carer skills for managing different stressors and
improving adaptive capacities to improve carer mental health
and well-being.

Study Design
A pilot, waitlist RCT will be used with 140 carers (20 carers
for each of the 7 versions of iSupport VA (English, Bahasa, and
Vietnamese in Australia; Vietnamese in Vietnam; Bahasa in
Indonesia; and English and Maori in New Zealand). Carers will
be randomized into (1) an intervention group (10 carers per
version of iSupport VA) that will use the iSupport VA for 6
months immediately following randomization, or (2) a waiting
list control group (10 carers/version) that will receive access to
the iSupport VA 3 months after randomization (Figure 1). While
pilot studies are not powered to examine effectiveness, this pilot
RCT will provide data about acceptability, useability, and
preliminary impact of the intervention, as well as the feasibility
of the methods and procedures [18] for a fully powered RCT
to test effectiveness.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e33572 | p.224https://www.researchprotocols.org/2021/11/e33572
(page number not for citation purposes)

Nguyen et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Flow diagram of the pilot randomized controlled trial. PHQ-9: Patient Health Questionnaire, 9-item; VA: virtual assistant.

Inclusion Criteria
Participants eligible for the pilot RCT study will (1) be adults
(≥18 years) residing in one of the aforementioned 4 countries
(2) be a primary unpaid carer of a community-dwelling person
with dementia (having a formal diagnosis of dementia as
reported by the carer or an Ascertain Dementia 8-item Informant
Questionnaires (AD-8) score of ≥2) [23], (3) have been
cohabiting and providing care for ≥6 months, and (4) experience
stress (a Perceived Stress Scale [PSS] score >13) [24].

Exclusion Criteria
Exclusion criteria are (1) inability to comprehend any of the
designated languages, (2) having cognitive impairment
(Mini-Cog < 4) [25], (3) having significant vision impairment
(cannot read what is on the screen to respond appropriately),
(4) having hearing impairment (cannot hear the question “What
is your name?” on the telephone to respond appropriately), (5)
participation in the adaptation and development process of
iSupport VA, (6) having no experience in using the internet or
apps on devices, and (7) having no access to a device with an
internet connection.
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Recruitment Procedure
Multiple recruitment strategies will be used. Our local NGO
partners (eg, Dementia Australia [DA], Alzheimer’s Indonesia
[ALZI], and Alzheimers New Zealand) and local clinics and
hospitals will announce the study on their website, social media
pages, and newsletter. In Australia, study announcements will
also be placed in memory and geriatric clinics managed by the
Southern Adelaide Local Health Network, and Resthaven South
Australia, the Step-Up for Dementia Research group in New
South Wales and Western Australia, and the National Ageing
Research Institute (NARI)’s CALD Research Engagement
Network, the latter hosts a database of >1000 CALD community
groups across Australia. We will leave brochures and posters
in hospitals, clinics, senior centers that collaborate with ALZI
in Indonesia, dementia services at local District Health Boards
in New Zealand, and memory clinics and dementia units in
hospitals in Vietnam. Treating clinicians of people with
dementia will advise carers about the study during their
consultations. All study announcements will refer to our e-DiVA
project website, where carers interested in the study can register
to participate. Potential participants will be contacted by
telephone and email or text message via mobile phones and will
receive study information and eligibility screening questions,
and will be directed to the web-based written informed consent
form. Carers who fulfil eligibility criteria and provide consent
will receive a weblink to the internet-based battery of baseline
questionnaires and will then be included in the study.

Randomization Procedure
After enrollment, carers will be randomized separately for each
iSupport VA version to either intervention or waiting list control
groups (1:1 ratio). A permuted block randomization of size 4
will be used to ensure an even balance of carers in each group
throughout the study period. A central clinical trials service in
Australia will undertake randomization for each iSupport version
in the aforementioned 4 countries.

Interventions
Seven versions of the iSupport VA, comprising a web-based
app, will be built from the content of the adapted iSupport. The
VA will be designed to make the iSupport program easier and
simpler to use on all device types including smart phones,
tablets, and laptop and desktop computers. The VA will first
ask individual carers in their respective languages to undergo
an assessment of their key education and support needs. Using
the finding of this initial need assessment, the algorithm of the
VA will provide tailored interventions (ie, recommending
specific modules or lessons in the iSupport program) to match
each individual’s need profiles. The VA will provide text or
voice command search options (similar to Google Assistant).
The search outcomes will be in text, picture, or video formats
with detailed instructions. Users can choose specific modules
or any part of the program simply by selecting a specific topic.

Weblinks for existing health and well-being, aged, and social
care services for dementia and other important information (eg,
first-aid tips, emergency contact numbers, etc) in each country
will be incorporated in VA versions. With carers’ consent, the
VA will support web-based peer support groups. These peer

support groups will enable sharing of experiences, practical
tips, and peer support either in real time video or through text
chats among logged in members, or through an asynchronous
messaging system. The app will have the capability for a
“Personal Diary” for users to write their action plans or
scheduled medical appointments and will remind users to follow
the scheduled plans and appointments.

Carers randomized to the intervention group will receive a
weblink to the iSupport VA app together with the intervention
login details, and they will have access to the intervention for
6 months immediately after randomization. Those in the waiting
list control group will also receive the iSupport VA. However,
they will be informed that they will receive login details for
iSupport VA after completing the 3-month assessment. After
completing their 3-month assessment, all waiting list control
carers will have full access to iSupport VA for 3 months, which
will increase the number of dementia carers to access the
iSupport VA in this pilot RCT. Intervention dose will be defined
as the percentage of lessons completed of the total lessons
recommended by the iSupport VA at 3 months in the
intervention group, based on the initial need assessment.
Monthly phone contact with carers will be also conducted to
assess their use of the intervention. Notes from these contacts
will be recorded. A local research team member fluent in the
country’s appropriate language will be available and contactable
by telephone or email if carers need technical assistance.

Outcomes
The intervention feasibility will be evaluated with reference to
recruitment, randomization, retention, treatment adherence, and
assessment processes [18]. At the end of the RCT, carers in the
intervention group (10 per iSupport VA version) will undergo
a 30-60–minute semi-structured exit interview to assess iSupport
VA acceptability, including most and least relevant and helpful
aspects, the main barriers and facilitators of using the VA, and
recommended improvements. All 140 carers will be asked to
complete a questionnaire to assess their intention to use the
iSupport VA. The questionnaire will include one question: “How
will you (dementia carer) use the iSupport VA in the coming
six months?” Guided by the Unified Theory of Acceptance and
Use of Technology (UTAUT) [19], the questionnaire will assess
the direct determinants of intention. These are performance
expectancy (the degree to which using the iSupport VA will
provide benefits in performing caring role), effort expectancy
(the degree of ease associated with the use of the VA), and social
influence (the degree to which a carer perceives that others vital
to them believe that they should use the VA).

Outcomes will be assessed within the iSupport web-based tool
using encryption for data protection at baseline (t0),
post-intervention (3 months after baseline; t1), and follow-up
(6 months after baseline; t2). For measuring the preliminary
impact, the primary outcome will be change in perceived stress
[24] at t1. The secondary outcomes will include change in
psychological distress [26] and global Visual Analogue Scale
quality of life [27] at t1. To account for a potential contamination
of the control group owing to the availability of the generic
version of WHO iSupport web-based program, at their 3-month
assessment, carers in the control group will be asked if they
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have accessed the WHO iSupport manual or generic web-based
program. Where local-language versions are unavailable, study
instruments will be translated and back-translated, followed by
reconciliation and review by bilingual experts to develop local
language versions. The baseline measures will include language
version, characteristics of carers (age; sex; ethnicity; educational,
occupational and economic attainments; cohabitation status;
and relationship with the care recipient), and care recipients
(age, sex, dementia duration, type, and severity [28], and
behavioral and psychological symptoms [29]). Further analysis
will include a comparison of change in outcomes in the 2 groups
between t0 and t3. This will compare long-term use (6 months)
of the tool versus short-term (3 months).

Analyses and Evaluation
Recruitment feasibility will be assessed on the basis of the
number of carers screened to identify carers who meet eligibility
criteria. Randomization feasibility will be assessed on the basis
of the percentage of eligible carers who agree to randomization.
Subject retention in both arms of the study will be evaluated.
We will also track intervention adherence (eg, the rate of
completing lessons recommended by the VA based on the initial
carer need assessment). We will assess the feasibility of
assessing study outcomes in terms of the percentage of the
baseline, 3-, and 6-month assessments completed and the
completeness of the collected data. The criteria for determining
feasibility success will be as follows: (1) average of 3 carers
per iSupport version per month (approximately 140 carers for
7 iSupport VA versions in the aforementioned 4 countries over
7 months) can be recruited; (2) at least 70% of all eligible carers
can be recruited; (3) complete baseline and follow-up
assessments by at least 70% of all recruited carers. iSupport
VA acceptability will be analyzed thematically. The association
between the UTAUT construct [19] and the intention to use
iSupport VA will be assessed using logistic regression analyses.
For preliminary impact assessment, linear mixed-effects
modeling will be used to analyze changes in primary and
secondary outcomes from baseline to 3 and 6 months. For
dichotomous or noncontiguous outcome measures, appropriate
generalized linear mixed-effects models will be applied. All
analyses will be adjusted for the language version. One chief
investigator of the project is a biostatistician, who will support
the research and RCT from designing, collecting, analyzing,
and presenting the data. A detailed statistical analysis plan will
be developed before unbinding the data and any analyses.

Data Management and Monitoring
The data collection and management procedures have been
approved by the human research ethics committee (The
University of South Australia, approval number: 203455). All
personal information on people with dementia and their carers
will be retained in the pseudonymized data set using a unique
participant ID, separate from the main data set, and will not be
shared; these data will be accessible to only the project leader.
All RCT data will be stored securely to protect confidentiality
before, during, and after the trial. Data entry, coding, and
analysis of the de-identified data will be conducted by trained
and experienced researchers.

Any unexpected outcomes or serious adverse events will be
discussed by the project executive committee. RCT progress
will be updated in monthly meetings by the study’s executive
committee and country leaders. The committee will monitor
the recruitment, intervention, and any concerns related to the
study.

Ethics, Dissemination, and Protocol Amendment

Ethics
The study has been approved by the Human Research Ethics
Committee (HREC) of the University of South Australia. Each
study site also seeks their own local IRB approval. Informed
consent material is available in local languages of Vietnamese,
Bahasa, and Maori with the approved protocol.

Dissemination and Protocol Amendment
The primary RCT results will be submitted for publication to
international, peer-reviewed journals, regardless of whether the
results are positive, negative, or inconclusive with regard to the
research aims and questions. Authorship eligibility will be based
on the reviews and contributions among researchers. An annual
project report will be submitted to the HREC. Any critical
protocol amendments will be reported to the HREC in the annual
report, updated in the Australian New Zealand Clinical Trials
registry, and communicated in the preliminary RCT result
reports.

Results

This study was funded by the e-ASIA Joint Research Program
in November 2020, with funding from the National Health and
Medical Research Council (Australia), the Ministry of Research
and Technology/National Research and Innovation Agency
(Indonesia), Health Research Council (New Zealand), and the
Ministry of Science and Technology (Vietnam). The study
brings together complementary expertise across multiple
disciplines of 39 senior, early/midcareer and predoctoral
researchers in the aforementioned 4 e-DiVA countries and NGO
partners including DA, ALZI, Alzheimers New Zealand,
Alzheimer’s Disease International, and the WHO.

The WHO iSupport manual in English has been translated to
Bahasa and Vietnamese, and the adaptation of these translated
versions is being conducted prior to the production of video
clips as content for the iSupport VA. From November 2021 to
June 2022, the iSupport VA will be developed. The iSupport
VA will enhance WHO iSupport web-based program by
providing real-time supports for carers with additional
interaction options of voice command and video instruction to
make it more user-friendly, quicker, and easier to learn. The
VA will then be tested by carers and health care professionals
in 6 months from July 2022 to December 2022, and their
feedback will be considered in an iterative process of refining
the VA. From January to July 2023, we will enroll 140 dementia
carers (20 carers per iSupport VA version) for the pilot RCT
and follow them up for 6 months. This study is expected to
conclude in June 2024.
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Discussion

Expected Outcomes
Family carers of people with dementia face many challenges.
Approximately 40% of family carers of people with dementia
have clinically significant depression or anxiety [30]. When
compared to the general population and carers of people with
other chronic diseases, dementia carers have worse mental and
physical health, more absences from work, and lower quality
of life [31,32]. Carer burden, psychological distress, and
perceived inability to provide care predict care recipient’s
institutionalization [33]. Educating, upskilling, and supporting
carers to reduce the burden of care and improve their mental
health and well-being through low-cost and sustainable
nonpharmacological intervention has become one of the 7
priority areas of action in the WHO Global Action Plan on
dementia [10].

Dementia carers who are supported in their caring role benefit
from support, as does the person with dementia [34]. Most
effective carer interventions are multimodal, incorporating
education, skill-building to manage atypical behaviors, stress
reduction, and referral to community resources [35]. One of the
most comprehensive multi-component carer intervention is the
REACH (Resources for Enhancing Alzheimer’s Caregiver
Health) model [20]. The REACH model was used in Vietnam
with preliminary findings showing significant improvement for
carer mental health and caregiving burden [22,36]. However,
this model is resource-intensive with interventionists going to
carers’ home to deliver the intervention over 3 months.
Additionally, while face-to-face interventions have demonstrated
positive effects on carer mental health, many carers cannot
attend support programs owing to lack of transport, finances,
or being unable to leave the person for whom they provide care
[37].

Carer interventions delivered on the internet via an app could
be an effective solution to overcome these accessibility barriers
and are a viable option in crises such as the COVID-19
pandemic when social restrictive policies are in place.
Internet-based approaches may be perceived more acceptable
because carers can access them at their own convenience and
expense [11]. Via digital health solutions via smartphones,
tablets, and computers, carers can learn in their own language
and cultural context about dementia care [38]. Smartphone use
is exponentially increasing in the APR; by 2025, 83% of the
population (2.7 billion people) will be mobile internet users,
thus making smartphone digital media a crucial platform to
increase community education and understanding [39].

Over 2 million people have dementia in the aforementioned 4
countries in this study—a number that will triple by 2050. The
vast majority live at home, are cared for by family members,

and are mainly women. Recognizing the effects of long-term
dementia care on carers’ time, energy, income, health, and
well-being, the e-DiVA study will test a digital solution to
support dementia carers. Using co-design ensures iSupport VA’s
user friendliness and trustworthiness, the study’s diverse settings
ensure the cultural adaptability of iSupport VA across high-,
middle-, and low-income settings. The COVID-19 pandemic
has underscored the importance of and need for digital
innovation for people with dementia and their carers. This study
offers a solution to ensure quality care for people with dementia,
no matter their location, income, or crises facing them.

To our knowledge, this is the first study using information
technology solutions not only to adapt the WHO iSupport
web-based program but also to enhance it by providing real-time
support to carers with additional interaction options of voice
command and video instruction to make it more user-friendly,
quicker, and easier to learn. This is an important innovation,
which will assist those with limited digital and general literacy
to access information, although it will not be relevant for those
carers who do not have access to the internet.

The e-DiVA study builds on our team’s prior work and
expertise, strengthens and expands existing collaborations
between investigators in high-income countries (Australia and
the United States) and Vietnam. These include our pilot iSupport
adaptation study in Australia [14] and other studies to develop
Vietnam’s National Dementia Plan [40] and to support
Vietnamese dementia family carers [41]. This project proposal
keeps laying the continual foundation for extramural support
for both research and capacity-building. The proposal directly
responds to the priorities of our collaborating countries
[40,42-44] and will create a multinational partnership between
the NGO partners (ie, national Alzheimer/dementia associations,
Alzheimer’s Disease International, and the WHO) and
researchers to optimize support for dementia carers. Our
commitment to ongoing co-design and stakeholder engagement
in every step of our research, along with our commitment to
building capacity in our stakeholders and locally based
researchers will support the successful translation and ownership
of iSupport VA by the local Alzheimer and dementia
associations. By the end of the project, we aim to have
research-ready, stakeholder engaged, local champions to enable
the final translation of iSupport VA nationally, as well as its
ongoing development and increasing chances of having a
longer-term impact, beyond the life of the project.

Trial Status
The trial is ongoing. Participants are not yet being enrolled. The
protocol date and version are July 10, 2021, and 1.0,
respectively. The trial has been registered on Australian New
Zealand Clinical Trials Registry (identifier
ACTRN12621001452886).
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Abstract

Background: Smoking prevalence rates among people with HIV are nearly 3 times higher than those in the general population.
Nevertheless, few smoking cessation trials targeting smokers with HIV have been reported in the literature. Efforts to develop
and evaluate sustainable, low-cost, and evidence-based cessation interventions for people with HIV are needed. Given the
widespread proliferation of mobile phones, the potential of using mobile health apps to improve the reach and efficacy of cessation
interventions is promising, but evidence of efficacy is lacking, particularly among people with HIV.

Objective: This study will consist of a 2-group randomized controlled trial to evaluate a fully automated smartphone intervention
for people with HIV seeking cessation treatment.

Methods: Participants (N=500) will be randomized to receive either standard treatment (ST; 250/500, 50%) or automated
treatment (AT; 250/500, 50%). ST participants will be connected to the Florida Quitline and will receive nicotine replacement
therapy in the form of transdermal patches and lozenges. This approach, referred to as Ask Advise Connect, was developed by
our team and has been implemented in numerous health systems. ST will be compared with AT, a fully automated behavioral
treatment approach. AT participants will receive nicotine replacement therapy and an interactive smartphone-based intervention
that comprises individually tailored audiovisual and text content. The major goal is to determine whether AT performs better in
terms of facilitating long-term smoking abstinence than the more resource-intensive ST approach. Our primary aim is to evaluate
the efficacy of AT in facilitating smoking cessation among people with HIV. As a secondary aim, we will explore potential
mediators and moderators and conduct economic evaluations to assess the cost and cost-effectiveness of AT compared with ST.

Results: The intervention content has been developed and finalized. Recruitment and enrollment will begin in the fall of 2021.

Conclusions: There is a critical need for efficacious, cost-effective, and sustainable cessation treatments for people with HIV
who smoke. The AT intervention was designed to help fill this need. If efficacy is established, the AT approach will be readily
adoptable by HIV clinics and community-based organizations, and it will offer an efficient way to allocate limited public health
resources to tobacco control interventions.

Trial Registration: ClinicalTrials.gov NCT05014282; https://clinicaltrials.gov/ct2/show/NCT05014282

International Registered Report Identifier (IRRID): PRR1-10.2196/33183

(JMIR Res Protoc 2021;10(11):e33183)   doi:10.2196/33183
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Introduction

HIV and Cigarette Smoking
In the United States, the prevalence of cigarette smoking in the
general population has dropped to 13.7% [1]; however, smoking
rates among people with HIV remain quite high, with evidence
suggesting that 34% to 42% are current smokers [2,3]. Thus,
smoking among people with HIV is a leading cause of morbidity
and mortality [4-7]. People with HIV who smoke are more likely
to die of lung cancer than AIDS-related diseases, even after
accounting for antiretroviral therapy adherence [8]. They are
also at greater risk of experiencing various oral, renal, and
cardiovascular diseases, decreased bone mineral density and
fracture, pulmonary complications, tuberculosis, opportunistic
and nonopportunistic infections, and poor quality of life [7,9-12].
Moreover, smoking negatively affects the response to
antiretroviral therapies, resulting in poor viral and immunologic
response [13]. Among people with HIV, the mortality rate for
smokers is twice that of nonsmokers [5,14], and the estimated
population-attributable risk of all-cause mortality associated
with smoking ranges from 24% to 62% [4,6]. Notably,
smoking-related morbidity and mortality appear to decline over
time in former versus current smokers with HIV [5,15]. Effective
smoking cessation treatment is critical for lowering HIV- and
smoking-related morbidity, improving antiretroviral therapy
response, and reducing overall mortality.

Smoking Cessation Treatment for HIV-Positive
Smokers
Despite this need, few studies have evaluated the efficacy of
smoking cessation interventions targeting people with HIV [15].
Studies have shown that people with HIV who smoke are
interested in quitting and receptive to cessation interventions
[2,16,17], and smoking treatment programs have been
successfully implemented in HIV clinics [18]. Although a recent
systematic review found that smoking cessation interventions
for people with HIV were effective at short- and
intermediate-term follow-up (ie, 3-month), limited evidence
supports long-term (ie, 6- and 12-month) effectiveness [19].
The results from our prior work are in line with these
conclusions. Most eligible people with HIV who smoked
(roughly two-thirds) enrolled in treatment, and those randomized
to receive our interventions (vs controls) had higher abstinence
rates through the 3-month follow-up. However, long-term
relapse rates were high, with treatment effects diminished by
the 6-month follow-up [20,21]. Efforts are needed to elucidate
the resources needed to engage people with HIV who smoke
during treatment and facilitate long-term abstinence.

Quitline-Delivered Smoking Cessation Treatment in
Vulnerable Populations
Our team developed an approach to link smokers in health care
settings with evidence-based treatment delivered via state
quitlines. This approach—Ask Advise Connect (AAC)—links
smokers with treatment via an automated connection system.

Results from efficacy trials revealed that AAC was associated
with a 13- [22] to 30-fold [23] increase in treatment enrollment
when compared with Ask Advise Refer, where smokers were
offered a quitline referral and encouraged to call on their own.
We have successfully implemented AAC in various settings
(eg, safety-net hospitals and HIV clinics) throughout Texas and
Oklahoma [24,25].

While the results are encouraging, several factors suggest that
interventions such as AAC that depend on connecting smokers
with quitlines may not be sufficient. First, in recent years, state
quitlines have experienced significant budget cuts, and some
states have temporarily eliminated quitlines altogether [26-28].
Moreover, while quitlines provide a cost-effective and
evidence-based treatment option and have the potential to reach
countless smokers [29], human-delivered phone counseling has
limited appeal. In fact, national data suggest that quitlines reach
only 1% to 2% of smokers [30]. Finally, results from a recent
AAC implementation study indicated that self-reported
abstinence was 18.7% among HIV clinic patients and 16.5%
among non–HIV clinic patients; however, biochemically
confirmed abstinence was considerably lower (4.2% and 4.5%,
respectively) [24,25]. There is a critical need to improve the
reach, efficacy, sustainability, and impact of smoking cessation
treatment for people with HIV [31].

Mobile Technology and Smoking Cessation Treatment
Over the last 20 years, cell phone ownership has steadily
increased. The Pew Research Center found that as of February
2021, 97% of adults living in the United States reported owning
a cell phone [32]. Previous studies have used cell phones to
administer text message–based smoking cessation interventions,
and findings suggest excellent reach and efficacy in the general
population [33-35] and among people with HIV who smoke
[36]. Moreover, text message–based interventions are
cost-effective [37,38] and affordable options for global tobacco
control [39].

Compared with cell phones, smartphones have greater capability,
as they can be used to access the internet, run apps, view and
send graphic messages, and stream audio and video content.
According to Pew, in 2021, 85% of US adults reported owning
a smartphone [32]. Smartphone ownership is high among adults
between the ages of 18 and 64 years (83%) and within
underserved populations, such as racial or ethnic minorities
(83%), individuals with less than a high school education (75%),
and those with an annual household income of less than US
$30,000 (76%). Notably, the proportion of individuals who
depend on smartphones for all internet access is higher among
racial and ethnic minority groups (vs White individuals), those
with lower income and education, and individuals living in rural
(vs urban and suburban) communities.

Current national trends indicate that US smartphone ownership
is nearing ubiquity. Smartphone-delivered interventions are an
ideal method for reaching underserved populations (eg, minority,
low income, low education, and rural). Although numerous
smartphone-delivered smoking cessation apps exist, few were
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constructed using evidence-based practices, and there is little
outcome data to support the efficacy of these treatments [40,41].
Theoretically grounded smartphone-based smoking cessation
interventions have broad scalability and dissemination potential
and are likely to be cost-effective. Efforts are needed to evaluate
these treatments in underserved populations, particularly among
people with HIV who smoke.

Objectives
This paper describes the protocol for a randomized controlled
trial (RCT) that will assess the efficacy of a fully automated
smartphone intervention for people with HIV who smoke.
Participants will be randomized to receive either (1) standard
treatment (ST) or (2) automated treatment (AT). ST participants
will be connected to the Florida Quitline (AAC, which was
developed and evaluated by our team) and will receive nicotine
replacement therapy (NRT) in the form of transdermal patches
and nicotine lozenges. ST will be compared with AT, a fully
automated behavioral treatment approach. AT participants will
receive NRT plus an interactive smartphone-based intervention
that comprises individually tailored audiovisual and text content.

Our primary aim is to evaluate the efficacy of AT in facilitating
smoking cessation among people with HIV. We expect that at
12 months postenrollment, smoking abstinence rates will be
higher in the AT group than in the ST group. Regarding
secondary aims, we will first explore potential mediators and
moderators. We will compare the magnitude of the mediated
effects via common mechanisms (ie, motivation, agency, and
stress or negative affect) on smoking abstinence between the
AT and ST treatment groups. We will also examine the role of
HIV-specific moderators (ie, stigma, resilience, disease

progression, and HIV symptom burden). Second, we will
evaluate the cost and cost-effectiveness of AT versus ST.
Through these aims, we will determine whether AT performs
better in terms of facilitating long-term smoking abstinence (ie,
12 months postenrollment) than the more resource-intensive
ST approach. If efficacy is established, the AT approach will
be readily adoptable by various HIV clinics and
community-based organizations and offer an efficient way to
allocate limited public health resources to tobacco control
interventions.

Methods

Design Overview
This study will use a 2-group RCT to compare ST with AT. We
will enroll a total of 500 participants (250/500, 50% per group).
An additional 20 participants (10 per group) will be enrolled in
a 12-week pilot study before the implementation of the full trial.
All participants will be recruited on the web from Florida.
Participants will complete assessments on the web via the
Research Electronic Data Capture (REDCap) platform
(Vanderbilt University) hosted at H. Lee Moffitt Cancer Center
and Research Institute [42,43] or over the phone at baseline and
at 3, 6, and 12 months postenrollment. These assessments will
take approximately 20 minutes to complete. Weekly 4-item
smartphone assessments will be collected from all participants
for 26 weeks.

Eligibility Criteria
The eligibility is determined based on inclusion and exclusion
criteria (Textbox 1).

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• At least 18 years of age

• Smoked at least 100 cigarettes in their lifetime

• Currently smoking at least five cigarettes a day

• Willing to make a quit attempt within 1 week of enrollment

• HIV-positive

• English or Spanish speaking

• Possess a smartphone with a data plan and operating system compatible with the project app

• Have a valid email address

Exclusion criteria

• Medical conditions that preclude the use of nicotine replacement therapy

• Current use of smoking cessation medications

• Enrollment in another cessation study

• Household members enrolled in the study

• Inadequate health literacy

Recruitment and Screening
Participants will be recruited from Florida using web-based
advertisements. As of 2018, 116,689 Floridians were living

with HIV [44]. On the basis of national data suggesting that
32% to 42% of US adults with HIV currently smoke [2,3], we
expect that about 39,675 will be current smokers. Thus, our
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recruitment goal of 500 participants should be achievable within
the proposed 42-month recruitment period.

Web-based advertisements will describe the study and direct
potential participants to a landing page, which will provide more
information about the study. Interested participants will
complete a short web-based prescreening questionnaire, and
those who pass the prescreener will be automatically redirected
to the study’s eligibility questionnaire. Those who do not
complete the self-administered web-based screening form will

be contacted by the study staff and offered screening over the
phone. Individuals who are eligible and interested in
participating in the study will provide informed consent
electronically or verbally over the phone and receive a copy of
the informed consent document via email or mail. They will
then provide HIV status documentation via a REDCap link.
Once the documentation is verified, participants will be asked
to complete a baseline assessment. The full list of measures to
be completed for each assessment is shown in Table 1.
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Table 1. Study measures and assessment schedule.

Assessment scheduleMeasure

12-month6-month3-monthWeeklyBaseline

✓Demographics and smoking history [45,46]

✓Drug use history [47]

✓✓✓✓Alcohol history and follow-up [48]

✓✓✓✓aSmoking status [49]

✓Heaviness of smoking index [50]

✓✓✓✓Financial Strain Questionnaire [51]

✓✓✓✓a✓Contemplation ladder [52]

✓Reasons for quitting (intrinsic and extrinsic motivation)
[53]

✓✓✓✓Sense of control [54]

✓✓✓✓a✓Self-efficacy Scale [55]

✓✓✓✓a✓Perceived Stress Scale-4 [56]

✓✓✓✓Positive and Negative Affect Scale [57,58]

✓✓✓✓Patient Health Questionnaire-8 [59]

✓✓Client Satisfaction Questionnaire [60]

✓✓✓✓Health utilities (EQ-5D-5Lb) [61]

✓✓✓✓Antiretroviral therapy adherence [62]

✓✓✓✓HIV symptoms burden [63]

✓✓✓✓Brief Resilience Scale [64]

✓✓✓✓HIV stigma scale [65]

✓✓Clinical measures

✓✓✓✓USDAc household food insecurity survey [66]

✓✓✓✓CDCd healthy days core module [67,68]

✓✓✓✓Subjective social status [69]

✓✓✓✓Three-item Loneliness Scale [70]

✓✓✓✓Brief Everyday Discrimination Scale [71]

✓✓✓✓COVID-19 risk perception, testing, and vaccination history

✓✓✓✓PROMISe global health items [72]

✓✓HPVf and hepatitis B vaccination

✓✓Cancer screenings (cervical, colorectal, lung)

✓Brief weekly survey

✓✓✓Cotinine survey

aDenotes brief version.
bEQ-5D-5L: EuroQol Five Dimension Five Level Scale.
cUSDA: United States Department of Agriculture.
dCDC: Centers for Disease Control and Prevention.
ePROMIS: Patient-Reported Outcomes Measurement Information System.
fHPV: human papillomavirus.
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Randomization
Following completion of the baseline assessment, the
participants will be randomized to the treatment group (ST or
AT) using stratified randomization. Sex assigned at birth, HIV
disease stage, and nicotine dependence will be balanced.

Participant Tracking, Compensation, and Retention
Procedures
We will use various approaches to maximize follow-up rates.
The baseline and the 3-, 6-, and 12-month assessments will be
conducted on the web or over the phone at participants’
convenience. Participants will be compensated for up to US
$160 for completing these assessments (4 assessments × US
$40 = US $160). Compensation for study-related smartphone
use (ie, data, texting, and minutes) will be provided monthly
for 26 weeks, based on the number of weekly assessments
completed (26 weekly assessments × US $10 = US $260). We
will also compensate participants for returning cotinine tests at
3, 6, and 12 months (3 tests × US $30 = US $90). Other
procedures to reduce attrition will include (1) reminder phone

calls/messages delivered via the app or by study staff before
the follow-up assessments; (2) obtaining the names, addresses,
and phone numbers of 3 collaterals (ie, relatives and friends)
who can provide information on participants’whereabouts; and
(3) using the Whitepages website to search for updated
participant contact information on the web.

Conceptual Framework
Research and theory have identified motivation and agency as
critical mechanisms underlying the decision to enroll in smoking
cessation treatment, and motivation, agency, and stress or
negative affect are established mechanisms underlying
successful cessation [73-80]. As such, both ST and AT are
designed to target these mechanisms. Although we hypothesize
common mechanisms between ST and AT, we do not expect
equivalent magnitudes of the effect. Thus, a secondary aim is
to compare the magnitude of the mediated effects between AT
and ST. For example, participants in ST (vs AT) may report
higher quit motivation, whereas individuals in AT (vs ST) may
report higher self-efficacy. See Figure 1 for the conceptual
framework.

Figure 1. Hypothesized mechanisms underlying standard treatment and automated-treatment. ART: antiretroviral therapy; AT: automated treatment;
FL: Florida; ST: standard treatment.

ST is intended to mirror a clinic-based AAC model, which
involves delivery of brief advice to quit video followed by an
invitation to enroll in treatment that mirrors standard proactive
quitline-delivered phone counseling. AT is designed to function
as a fully automated program capable of delivering cessation
treatment via automated, smartphone-based treatment content
that comprises an initial brief advice to quit video, followed by
interactive messaging, images, and audiovisual clips. We have
elected to extend AT over a 6-month period (vs a more
conventional 3 months) to counter the high relapse rates among
people with HIV who smoke observed in our previous studies
[20,21]. All participants will receive NRT.

Motivation
Motivation refers to an individual’s willingness and desire to
make a specific change in their behavior [81]. Substantial
evidence underscores the critical role of motivation in the
process of decision-making regarding change and the likelihood
of achieving and successfully maintaining change [73,74], as
stage of change predicts both quit attempts and cessation success
[73-75]. Notably, the motivation for change can fluctuate rapidly
[82,83]. In fact, 41% of US smokers report that their motivation
to quit smoking changes daily [84], and half or more quit
attempts are unplanned [85,86], consistent with a model of
smoking motivation that posits that motivation is characterized
by frequent fluctuations [86]. After the initial change has been
achieved, motivation for maintaining abstinence may weaken,
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and ambivalence may increase as the individual is exposed to
temptations and stressors [76]. Because empirical data indicate
that motivation influences the initiation of a quit attempt, success
in achieving cessation, and the maintenance of abstinence,
efforts are needed to bolster individuals’ motivation during the
process of quitting [53,83,87]. A crucial focus of both
interventions is to provide an appropriate therapeutic response
to fluctuations in motivation throughout the change process.

Agency (Sense of Control and Self-efficacy)
Human agency reflects the ability to intentionally affect one’s
behavior or life situation; a sense of agency is determined both
by personal resources and situational influences [88,89]. Agency
includes constructs such as a sense of control and self-efficacy
[89]. Sense of control refers to the learned expectation that
outcomes depend on personal choices and actions rather than
on chance, other people, or forces outside of one’s control
[54,90]. Self-efficacy is a form of agency that is dependent on
context and behavior [90,91]. In the context of smoking, agency
is reflected in greater self-efficacy when faced with situations
that challenge one’s ability to initiate or maintain abstinence.
Self-efficacy is a strong predictor of cessation treatment
outcomes [78,79,87,92]. Both AT and ST will target agency as
a key mechanism.

Stress or Negative Affect or Psychological Distress
Stress/negative affect, measured in many ways, is associated
with change. For example, Shiffman et al [80] found a strong
dose-response relationship between smoking-related acute events
and the severity of stress or negative affect. In addition, the
magnitude and trajectory of stress or negative affect over time
are powerful predictors of cessation [93,94], as are individual
differences in affective vulnerability [95,96]. Results indicate
that most smokers experience elevated levels of postcessation
negative affect that continue for relatively long periods,
regardless of NRT use [97]. Similarly, studies have shown that
mood disorders, negative affect, and stress are associated with
poorer treatment outcomes, including tobacco and alcohol
relapse [92,98-101]. Given the multiple stressors (eg, medical,
psychosocial, economical, and stigma) confronting people with
HIV who smoke, we expect that addressing stress or negative
affect in the context of smoking treatment will be crucial for
this population [15,102].

Reciprocal Relations Among Mechanisms
Theory and data suggest reciprocal relationship among the key
hypothesized mechanisms—motivation, self-efficacy, and stress
or negative affect—targeted by the treatments (ST and AT)
[76,92,103-105]. ST and AT are hypothesized to reduce stress
or negative affect via the following mechanisms: (1) their impact
on decreasing ambivalence and increasing motivation; (2) the
application of coping skills training and problem solving to
increase self-efficacy; and (3) the use of a holistic approach,
where other life concerns and stressors will be addressed.
Similarly, reductions in stress or negative affect are posited to
increase motivation and agency.

HIV-Related Moderators
Our prior work and the extant literature suggest that several
HIV-related variables may moderate the relationship between
interventions and cessation outcomes. For example, we have
observed higher quit rates and higher intention to quit among
people with HIV with more advanced disease [106]. Conversely,
we have observed lower cessation rates among people with HIV
who report greater symptom burden and those with low
adherence to antiretroviral therapies [107-109]. Finally, stigma
is a risk factor for smoking among people with HIV, whereas
resilience is associated with improved HIV-related outcomes
[110,111].

Treatment Groups

ST Group
Following the baseline assessment and brief advice to quit video,
participants randomized to ST will be given a 10-week supply
of nicotine patches and lozenges. Nicotine patches provide a
low, constant level of nicotine, which attenuates nicotine
withdrawal symptoms after quitting (including physical
symptoms and negative affect), while lozenges provide a
fast-acting dose of nicotine that can be used as needed to combat
cravings. When combined with behavioral treatment, NRT
doubles the odds of successfully quitting [112]. ST participants
will also be connected to Florida Quitline services and complete
weekly 4-item smartphone assessments for 26 weeks. Weekly
assessments will measure smoking status, motivation,
self-efficacy, and perceived stress.

AT Group
Following the baseline assessment and brief advice to quit video,
participants in AT will be given a 10-week supply of nicotine
patches and lozenges (equivalent to ST). After randomization,
they will be sent an email with a link to the smartphone app and
instructions on how to use the app. AT will include (1) 12
proactive treatment videos (delivered weekly) that will be
tailored to smoking status, motivation, agency, and negative
affect or stress; (2) 26 weeks of on-demand access to treatment
content; and (3) 26 weeks of text content.

As with participants in the ST group, AT participants will
complete weekly 4-item smoking status, self-efficacy,
motivation, and stress assessments for 26 weeks. An algorithm
will use responses to these assessments to deliver brief, 2- to
6-minute, videos from an existing library of tailored content.
Weekly topics are listed in Table 2. The AT app will deliver
the most appropriate video each week, specifically tailored for
each participant. During the first 12 weeks, videos will be
proactively launched each week following the completion of
the assessment. Throughout the entire 26-week treatment period,
participants will also have the option to self-initiate treatment
sessions. In addition, referrals to extra treatment resources will
be available through the app. Resources will include phone
numbers to substance abuse treatment centers, psychiatric
services, HIV case management, and other services (eg, housing
needs).
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Table 2. Automated treatment session topic by study week.

TopicStudy week

Preparing to quitWeek 1

Quit dayWeek 2

What to do if you have a cigaretteWeek 3

Nicotine patches and lozengesWeek 4

Smoking, stress, and moodWeek 5

Health benefits of quittingWeek 6

Smoking and your weightWeek 7

Staying on trackWeek 8

Financial benefits of being a nonsmokerWeek 9

Taking care of yourselfWeek 10

Social benefits of being a nonsmokerWeek 11

Life without cigarettesWeek 12

The primary goal of the AT app is to function autonomously.
It is designed to require minimal human involvement while
being appropriate for implementation in various environments.
This approach is expected to perform better than, yet share
common mechanisms of action (eg, motivation, agency, and
stress or negative affect) with, the behavioral standard of care
(ie, quitline counseling). Underlying AT is a platform consisting
of both a staff-facing dashboard and a mobile app. Videos were
created with Adobe After Effects, an animation software
package that is widely used in media campaigns.

On the basis of our prior work, as well as the growing literature
supporting the efficacy of text messaging interventions for
promoting smoking cessation, participants in the AT group will
also receive smartphone-delivered text content [39,94]. This
content will be delivered in the form of notifications generated
by the app. Daily notifications will begin shortly before the
scheduled quit date and continue through month 3. During
months 4 to 6, the notification frequency will drop to once per
week. The content of these notifications will be designed to
target the hypothesized mechanisms and promote NRT
adherence. Furthermore, the notifications will encourage
participants to access additional on-demand content within the
app. Participants will be referred to by first name within the
notifications as a way of personalizing the treatment.

Measures and Assessment Strategy
Several considerations guided our assessment procedures. First,
we attempted to include measures with established reliability
and validity. If measures with established psychometric
properties were not available, measures were required to at least
have face validity. Second, assessments had to either (1)
represent our hypothesized mechanisms, (2) empirically predict
smoking behavior, or (3) describe the sample. Measures were
informed by models of health behavior, theories of nicotine
dependence, and existing data. To ensure that the study is
available to a representative sample of the target population,
we will recruit both English- and Spanish-speaking participants.
Most of the measures have been translated and validated in

Spanish. A certified translator will be used for measures that
have not yet been translated.

The REDCap system will be used to administer the surveys.
REDCap is a secure web-based app designed to support secure
data capture for cleaning, storage, and analysis. Moffitt Cancer
Center is a member of the REDCap Consortium.

Primary Outcomes
The main outcome is self-reported 7-day abstinence smoking
status at the 12-month follow-up. Other definitions of
abstinence, such as biochemically verified abstinence using
salivary cotinine and self-reported 24-hour, 30-day, and
continuous abstinence, will be examined as secondary outcomes.
Participants who report 7-day abstinence will be mailed a
cotinine kit with instructions for providing the cotinine sample.
Study staff will be available by phone and email if participants
have questions about the collection process. Participants will
be asked to return cotinine samples using a prepaid envelope.

All participants (ST and AT) will complete brief
smartphone-delivered assessments each week during the
26-week treatment period. These assessments will be delivered
to AT participants through the app, while ST participants will
receive their assessments through a REDCap link. Regardless
of the treatment group, assessments will be identical and include
current smoking status, motivation, agency, and stress or
negative affect. Responses to the assessments will be used to
select the appropriate treatment content for AT participants, as
described above.

Assessment of Treatment Engagement–Related Variables
in AT
An important focus of our evaluation of AT is to track and
examine how frequently participants interact with the app and
the duration of these interactions. Thus, each interaction will
be date- and timestamped, and we will note how often specific
features of the app are used. These data will allow us to examine
the frequency and duration of participants’ use of the various
components of the app and the specific conditions under which
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participants engage with the app components. This information
will be used to help guide future refinements of the app.

Data Analysis Plan
Descriptive analyses will be conducted to determine which
variables, if any, should be transformed before inferential
analyses. In addition, descriptive statistics for demographic,
smoking-related, and health-related variables will be used to
characterize each sample. The samples will be compared to
identify differences despite randomization, which may
necessitate inclusion in models testing hypotheses. Descriptive
statistics will also be used to summarize the participants’
interactions with the app.

Primary Aim
The primary aim of this study is to evaluate the efficacy of AT
in facilitating smoking cessation among people with HIV. We
hypothesize that at 12 months postenrollment, smoking
abstinence rates will be higher in the AT group than in the ST
group. The primary outcome is self-reported 7-day point
prevalence abstinence at 12 months. As is traditional in smoking
cessation research, participants who do not complete a follow-up
will be coded as smoking. Log-binomial regression will be used,
with the intervention group (AT vs ST) as the primary predictor.
Variables found to differ by group in preliminary analyses
(P<.10) will be included as covariates. Differences in treatment
effects as a function of sex assigned at birth will also be
examined.

Additional analyses will evaluate the effects of the intervention
on other definitions of smoking abstinence: biochemically
verified abstinence using salivary cotinine and self-reported
24-hour, 30-day, and continuous abstinence. Outcomes from
the 3- and 6-month follow-ups will also be considered.
Repeated-measures analysis using generalized linear mixed
models with a log-link function and the appropriate
random-effect covariance structure will be used to analyze
outcomes across all assessments with intervention, time, and
their interaction as the primary model variables. Model fitting
and diagnostics will follow the general approach described by
McCullagh and Nelder [113] and McCulloch et al [114], when
applicable. Adjustments for multiple comparisons will be made
using the methods recommended by Westfall and Young [115].

Secondary Aim 1
The first secondary aim is to explore the role of potential
mediators and moderators. Specifically, we will compare the
magnitude of the mediated effects via common mechanisms
(ie, motivation, agency, and stress or negative affect) on
smoking abstinence between the AT and ST groups. We will
also investigate the role of several established HIV-specific
moderators (ie, stigma, resilience, disease progression, and HIV
symptom burden). Furthermore, exploratory analyses will
examine the associations of various AT treatment components
with outcomes.

While we hypothesize common mechanisms of AT and ST, it
is important to identify the relative strengths and weaknesses
of the mechanisms on which each approach relies to facilitate
cessation. Participants in ST (vs AT) may report higher levels

of quit motivation, whereas those in AT (vs ST) may report
higher self-efficacy. Such hypotheses can be tested via mediation
analyses with the intervention group (AT vs ST) as the
independent variable and smoking abstinence and the
hypothesized mechanisms (ie, motivation, agency, and stress
or negative affect) as potential mediators. Mediation will be
evaluated using approaches developed by MacKinnon [116]
and Preacher and Hayes [117-119]. We will also explore the
role of HIV-specific moderators (ie, stigma, resilience, disease
progression, and HIV-symptom burden) of these indirect effects
on the outcome of smoking abstinence.

Secondary Aim 2
Our second secondary aim is to conduct economic evaluations
from a societal perspective as well as a health system perspective
to evaluate the cost and cost-effectiveness of AT versus ST.
Although the societal perspective is recommended by the Second
Panel on Cost-Effectiveness in Health and Medicine [120], we
expect that a health system perspective will be of greater interest
to decision makers in the public health sector who are
responsible for making implementation decisions about smoking
cessation programs. Conventional cost-effectiveness analysis
will be used to summarize findings in terms of the incremental
cost-effectiveness ratio (ICER) [120-122]. The ICER, calculated
as the difference in mean costs between new (ie, AT) and ST
divided by the difference in mean effectiveness between the
two, estimates the additional resources needed to achieve an
increase in one unit of effectiveness. We will use 2 commonly
used effectiveness measures—number of quitters and years of
life saved (YOLS) [123], to compare the ICER with other
published cost-effectiveness analyses. The number of quitters
in each arm will be retrieved from the 12-month self-reported
abstinence assessment. We will extrapolate from abstinence to
YOLS using a published algorithm that models YOLS per quitter
[124]. The algorithm will be revised using current estimates of
age-specific smoking-attributable deaths [125]. We will also
include quality-adjusted life-years, which will be calculated
based on a measure of health utilities, the EQ-5D-5L [61].

We will also use the net benefit approach [126,127], which
transforms the ICER into a net benefit, defined as NB(λ) = λ ×
ΔE – ΔC, where λ represents the societal willingness to pay,
ΔC represents the incremental costs, and ΔE represents the
incremental effectiveness. A benefit of the net benefit approach
is that it can be incorporated into a regression framework to
allow for covariate adjustments and the examination of
interaction effects [128].

Moreover, we will assess the short- and long-term economic
impact of the interventions. The short-term analysis will use
the number of quitters and quality-adjusted life-years as the
effectiveness measure and assess cost-effectiveness based on
information collected at the 3-, 6-, and 12-month follow-ups.
The long-term analysis will extrapolate the intervention effect
to lifetime and use YOLS. A 3% discount rate will be applied
to costs and outcomes accrued in the second year and forward.
We will first perform a deterministic analysis, where point
estimates of ICERs or cost differences will be calculated. To
obtain the 95% CIs, we will apply nonparametric bootstrapping
methods to the person-level data [129]. We will conduct
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one-way sensitivity analyses to examine the impact of alternative
measures of cost and outcomes. We will then apply the Bayesian
approach to construct the cost-effectiveness acceptability curve
and conduct a probabilistic sensitivity analysis [130,131]. We
will conduct Bayesian analysis using WinBUGS (University of
Cambridge) or STATA (StataCorp LLC), with costs modeled
as a gamma or log-normal distribution and abstinence as a
binomial distribution. Finally, we will apply a regression-based
cost-effectiveness analysis. Individual-level net benefit will be
regressed on covariates, plus a binary variable reflecting AT
versus ST. The model will be analyzed using generalized linear
mixed models to examine cost-effectiveness over time.

Missing Data and Dropouts
Although treating individuals lost to follow-up as presumed
smoking is a widely used strategy in smoking cessation studies
(ie, intention-to-treat), there are potential problems with this
approach, especially when comparing interventions with
differential dropout rates [132]. Therefore, we will conduct
sensitivity analyses to test for treatment efficacy, assuming
different missing data mechanisms. For example, we will
consider a multiple imputation approach based on
smoking-related participant characteristics at baseline, as well
as demographics, to account for potential missing-at-random
mechanisms. We will also explore pattern-mixture and selection
models to account for potential missing-not-at-random
mechanisms [133].

Power Considerations
Because an intention-to-treat approach will be used for our
primary analysis, and participants lost to follow-up will be
classified as smokers, our power calculation assumes a sample
size of 500 (250/500, 50% per group). Power is based on the
primary aim of comparing self-reported abstinence rates between
AT and ST at the 12-month follow-up [134]. On the basis of
findings from our AAC implementation study [24,25], we expect
5% abstinence in ST. Assuming a sample size of 250 per group,
a 2-group large-sample normal approximation test of proportions
with a 2-sided 0.05 significance level will have 80% power to
detect an increase in abstinence of 7% in AT compared with
ST. Simulation studies using similar and smaller samples have
demonstrated that bootstrap resampling approaches are more
powerful than other approaches for estimating indirect effects
and conditional indirect effects [135-137]. Therefore, we expect
to have sufficient power to detect effects.

Results

This study was funded in 2019 and approved by the institutional
review board at Moffitt Cancer Center in 2019. The intervention
content has been finalized, and participant recruitment and
enrollment will begin in the fall of 2021.

Discussion

Implications of the Study
This project is designed to evaluate a fully automated
smartphone intervention for people with HIV who smoke.
Participants (N=500) will be randomized to receive either ST

or AT. ST participants will be connected to the Florida Quitline
and receive 10 weeks of NRT. ST (referred to as AAC) was
developed by our team and has been successfully implemented
in numerous health systems. ST will be compared with AT, a
fully AT delivery approach. AT participants will receive 10
weeks of NRT plus an interactive smartphone-based intervention
that comprises individually tailored audiovisual and text content.
Our primary goal is to determine whether AT performs better
in terms of facilitating long-term smoking abstinence (ie, 12
months postenrollment) than ST, the more resource-intensive
approach. We will also explore potential mediators and
moderators and conduct economic evaluations to assess the cost
and cost-effectiveness of AT compared with ST. If successful,
the AT intervention could be readily and cost-effectively
disseminated to HIV care facilities and to a variety of outreach
programs and community-based networks targeting people with
HIV who smoke.

Several components of this project are novel. Despite the high
smoking prevalence among people with HIV, efficacious and
sustainable treatment choices are limited [19]. A consideration
in the design of this study was the potential of the intervention
to have a significant public health impact, while requiring
relatively modest resources and removing treatment barriers.
We will recruit participants using web-based advertisements,
and participants will complete screening, baseline, and follow-up
assessments either on the web or over the phone. Moreover,
both interventions will be delivered remotely. ST will include
smoking cessation treatment delivered by the Florida Quitline,
and AT will consist of a fully automated smartphone
intervention with proactive and user-initiated components. AT
will make use of smartphone technology, including dynamically
tailored audiovisual and text content, to boost treatment
intensity, while enhancing accessibility, improving treatment
engagement, and limiting participant burden. Finally, conducting
an RCT to assess the efficacy of AT with a comprehensive
economic evaluation alongside the RCT will contribute to future
smoking cessation initiatives for people with HIV and the use
of mobile health.

Limitations
This study has several limitations. First, participants will consist
of people with HIV who smoke recruited from the state of
Florida, which might limit the generalizability of our findings.
Second, participants will be recruited using only web-based
advertisements; however, we believe that using web-based (vs
in-person) recruitment strategies will enhance study interest
and participation, particularly during the pandemic. Third,
eligible participants are required to have a smartphone with a
data plan and operating system compatible with the project app.
Thus, individuals who do not meet this criterion will not be
included. As previously mentioned, about 85% of US adults
report owning a smartphone [32], so we do not expect this to
significantly affect generalizability. Moreover, we will
compensate participants for costs accrued due to study-related
smartphone use.

Conclusions
There is a critical need for efficacious, cost-effective, and
sustainable smoking cessation treatments for people with HIV.
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The AT intervention is designed to help fill this need. The
scientific premise for this project is built on the following: (1)
cigarette smoking among people with HIV is a pressing public
health problem; (2) available cessation treatments may not be
meeting the needs—in terms of reach, efficacy, sustainability,
affordability, and impact—of people with HIV who smoke; (3)

US smartphone ownership is almost ubiquitous; (4) smartphone
treatments offer tremendous reach and may be an ideal modality
for people with HIV who smoke; and (5) smartphone
interventions offer great dissemination and sustainability
potential owing to their widespread use.
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Abstract

Background: The widespread and unrestricted use of antibiotics has led to the emergence and spread of antibiotic-resistant
bacteria (ARB), antibiotic-resistance genes (ARGs), and antibiotic residues in the environment. Conventional wastewater treatment
plants (WWTPs) are not designed for effective and adequate removal of ARB, ARGs, and antibiotic residues, and therefore, they
play an important role in the dissemination of antimicrobial resistance (AMR) in the natural environment.

Objective: We will conduct a systematic review to determine the most effective treatment strategies for the removal of ARB,
ARGs, and antibiotic residues from the treated effluent disposed into the environment from WWTPs that receive municipal,
hospital, and domestic discharge.

Methods: We will search the MEDLINE, EMBASE, Web of Science, World Health Organization Global Index Medicus, and
ProQuest Environmental Science Collection databases for full-text peer-reviewed journal articles published between January
2001 and December 2020. We will select only articles published in the English language. We will include studies that measured
(1) the presence, concentration, and removal rate of ARB/ARGs going from WWTP influent to effluent, (2) the presence,
concentration, and types of antibiotics in the effluent, and (3) the possible selection of ARB in the effluent after undergoing
treatment processes in WWTPs. At least two independent reviewers will extract data and perform risk of bias assessment. An
acceptable or narrative synthesis method will be followed to synthesize the data and present descriptive characteristics of the
included studies in a tabular form. The study has been approved by the Ethics Review Board at the International Centre for
Diarrhoeal Disease Research, Bangladesh (protocol number: PR-20113).
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Results: This protocol outlines our proposed methodology for conducting a systematic review. Our results will provide an
update to the existing literature by searching additional databases.

Conclusions: Findings from our systematic review will inform the planning of proper treatment methods that can effectively
reduce the levels of ARB, ARGs, and residual antibiotics in effluent, thus lowering the risk of the environmental spread of AMR
and its further transmission to humans and animals.

International Registered Report Identifier (IRRID): PRR1-10.2196/33365

(JMIR Res Protoc 2021;10(11):e33365)   doi:10.2196/33365
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Introduction

The role of the environment in contributing to the spread of
antimicrobial resistance (AMR) is being recognized on a global
scale due to the growing threat it poses to public health. The
rapid increase in AMR is rendering even the last generation of
antibiotics as useless to treat common infections [1,2]. This has
resulted in increased rates of mortality, prolonged
hospitalization, and increased health care costs [3]. The
widespread and unrestricted use of antibiotics in humans and
animals has led to the emergence of antibiotic-resistant bacteria
(ARB) and antibiotic-resistance genes (ARGs) by the release
of antibiotic residues in the environment through untreated fecal
waste [4].

Wastewater serves as one of the largest reservoirs of ARB,
ARGs, and antibiotic residues, which have originated from
humans, animals, and environments [5,6]. In high-income
countries, wastewater resulting from domestic sewage and
agricultural runoff is collected at wastewater treatment plants
(WWTPs), which are designed to treat wastewater depending
on the contaminants in the influent and guidelines for effluent
quality [7-9]. Some low-income countries, such as Nigeria,
Ethiopia, and South Sudan, do not have WWTPs [10-12]. Low-
and middle-income countries (LMICs) usually have WWTPs;
however, functionality concerns are common. For example, in
India, 54% of WWTPs are operating poorly [12]. LMICs are
only able to treat around 28% of the generated wastewater,
whereas high-income countries can treat around 70% [13].
WWTPs present in LMICs have often not been designed for
the proper removal of ARB, ARGs, and antibiotics [10,14], as
evident from ARB and ARGs being detected in wastewater
effluent [15,16]. Fecal sludge generated during wastewater
treatment is also a major source of ARB, such as
extended-spectrum β-lactamase–producing Escherichia
coli [17]. Discharge of wastewater effluent and fecal sludge
containing ARB, ARGs, and antibiotic residues into the
environment allows for the dissemination of AMR to other
bacteria present in the natural environment. This process is
known as horizontal gene transfer, where genetic information
is exchanged between neighboring bacteria, leading to increased
levels of AMR among populations [15,18].

In addition, wastewater discharged from pharmaceutical
industries contains a complex array of contaminants, including
antibiotic residues, hormones, toxic substances, and organic

compounds, that require novel treatment methods, such as the
recent membrane-integrated hybrid technology, which has
proven more effective than conventional technologies [19].
However, many pharmaceutical companies around the world
continue to conceal the nature and extent of the toxicity of the
substances they generate, thus escaping regulations and
disposing hazardous waste into the environment [19]. On-site
treatment of pharmaceutical waste before release into the sewer
system requires technologies that are expensive [10]. In addition
to the lack of financial resources and adequate treatment
facilities, pharmaceutical companies in LMICs exploit the
absence of proper regulatory enforcement and are thus unwilling
to employ such methods [20].

Antibiotic residues have been found in greater concentrations
in the raw influent of WWTPs in Asian countries, including
Japan, China, South Korea, India, Taiwan, Hong Kong,
Thailand, Malaysia, Singapore, and Vietnam, compared with
European and North American countries [21]. At least nine
commonly used antibiotic classes, such as beta-lactams,
lincosamides, tetracycline family, vancomycin, chloramphenicol,
sulfonamides, fluoroquinolones, macrolides, and trimethoprim,
were found in WWTP influent [21]. Antibiotic concentrations
found in both influent and effluent from WWTPs reached or
exceeded the predicted no-effect concentrations required for
resistance selection [21]. A study conducted in India in 2007
found that the effluent from a WWTP receiving waste streams
from 90 drug manufacturing companies released a quantity of
ciprofloxacin in a single day that was equivalent to the amount
sufficient to treat the entire population of Sweden for 5 days
[22]. The presence of antibiotics in lethal or sublethal
concentrations creates a selective pressure among the bacterial
communities present in wastewater, allowing them to acquire
resistance through horizontal gene transfer [23].

Conventional wastewater treatment processes combine physical,
chemical, and biological treatment levels for the removal of
solids and organic matter. The primary sedimentation tank
releases effluent for secondary treatment using aerobic biological
processes, such as activated sludge processes, trickling filters
or biofilters, oxidation ditches, and rotating biological contactors
[24]. Afterward, wastewater effluent undergoes tertiary
treatment through a disinfection process. One of the most
common disinfection methods used at WWTPs is chlorination
[25]. These treatment methods have various limitations,
including feasibility, efficiency, reliability, environmental
impact, sludge production, operation difficulty, pretreatment
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requirements, and the formation of potentially toxic by-products
[26]. High chlorination, treatment costs, long treatment periods,
and lack of availability of large areas for WWTP setup are some
of the limitations of many chemical-based and biological
treatment processes [27]. Inability to remove contaminants,
such as ARB, ARGs, and antibiotic residues, poses additional
challenges for these conventional processes, proving their
effectiveness to be limited in the last 20 years [28].

Therefore, new and additional wastewater treatment technologies
have been introduced and have been evaluated for their level
of effectiveness in the reduction of ARB/ARGs and antibiotic
residues from effluent [29]. Some of these novel processes
include membrane filtration systems, UV radiation, ozonation,
automatic variable filtration, advanced oxidation processes, and
nanotechnology with improved membranes providing efficient
energy recovery systems [28,30]. A study comparing the
ARB/ARG removal efficiency between chlorination and UV
disinfection of wastewater found that consecutive treatment
with UV followed by chlorination resulted in a significant
reduction in ARGs, in contrast with the application of either
method alone [31], whereas, for drinking water treatment, either
method led to the effective inactivation of bacterial cells [32].
No single technology alone can obliterate ARB, ARGs, and
antibiotic residues in WWTPs [27,33]. To date, many articles
have examined the presence or abundance of ARB, ARGs, and
antibiotics in the effluent of WWTPs that receive municipal,
domestic, hospital, and industrial discharge [33-38]. However,
to the best of our knowledge, no study has investigated effective
treatment strategies for the removal of ARB, ARGs, and
antibiotic residues in WWTPs that simultaneously receive
municipal, domestic, and hospital discharge. A knowledge gap
also persists in the prevalence of antibiotic residues in
wastewater effluents that create selective pressure for bacteria
to acquire resistance, which we aim to address through this
review.

Therefore, our objective is to compare the efficiency of different
new and conventional wastewater treatment methods for

reducing the level of ARB/ARGs in effluent and to assess the
presence, concentration, and types of antibiotic residues that
are released in effluent from WWTPs receiving municipal,
domestic, and hospital wastewater. Through the findings of this
review, we aim to determine the rate of removal of ARB, ARGs,
and antibiotic residues via various wastewater treatment
methods, which will eventually allow us to compare the
efficiencies of the different methods. The findings will also
provide insights into the extent of contamination of ARB, ARGs,
and antibiotic residues in water bodies receiving treated
wastewater effluent that may pose health risks to humans
exposed to those sites. In addition, we aim to determine if
wastewater treatment processes in WWTPs promote the
selection of ARB despite an effective decrease in the total
number of bacteria. Furthermore, a review of the existing level
of efficacy of WWTPs will inform future design guidelines for
improving wastewater treatment methods in WWTPs that can
adequately eliminate ARB, ARGs, and antibiotic residues before
environmental release.

Methods

Overview
This systematic review will identify and evaluate various
treatment methods in WWTPs that receive municipal, hospital,
and domestic discharge with regard to the extent of removal of
ARB, ARGs, and antibiotic residues in the effluent released to
the environment. We will screen articles for eligibility, perform
quality assessment of the studies, extract data, and synthesize
the evidence from the published scientific literature (Figure 1).

Textbox 1 outlines the objectives, eligibility criteria, and data
sources to be used for the review. The research objectives have
been designed following the PICO (population, intervention,
comparison, and outcome) framework [39]. Furthermore, we
aim to conduct the systematic review by following the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) checklist [40].
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Figure 1. Flow diagram of the steps for conducting the systematic review. PICO: population, intervention, comparison, and outcome.
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Textbox 1. Eligibility protocol for the systematic review.

Research Question

What are the most effective wastewater treatment strategies in wastewater treatment plants (WWTPs) for the removal of antibiotic-resistant bacteria
(ARB), antibiotic-resistance genes (ARGs), and antibiotic residues in the resulting effluent?

Objectives

- To determine the removal rate of ARB/ARGs in WWTPs that receive municipal, hospital, and domestic wastewater and compare between conventional
treatment strategies and new/alternative treatment strategies (eg, presence or absence of disinfection process)

- To assess the presence, concentration, and types of antibiotics in the effluent of WWTPs

- To determine if wastewater treatment processes in WWTPs promote the selection of ARB despite an effective decrease in the total number of bacteria

Search Strategy

Inclusion Criteria

- Relation of various WWTP treatment methods with antimicrobial resistance

- Estimation of the rate of removal of ARB/ARGs

- Presence and concentration of ARB/ARGs in the influent and effluent from WWTPs that receive municipal, hospital, and domestic discharge

- Presence and concentration of antibiotic residues

- Types of antibiotic residues in the effluent from WWTPs that receive municipal, hospital, and domestic discharge

- Full-text article from a peer-reviewed journal, and other grey materials

- English language

Exclusion Criteria

- No inclusion of wastewater treatment methods

- No assessment of ARB or ARGs in the influent and effluent from WWTPs that receive municipal, hospital, and domestic discharge

- No assessment of the presence/concentration of antibiotics in the effluent of WWTPs

- Involvement of WWTPs that receive wastewater from agricultural or industrial/commercial origin, discharge from animal farms or slaughter houses,
and only municipal, domestic, or hospital wastewater

- No mention of the types of wastewater that were received by the WWTP

- Collection of pretreated influent samples

- Sample collection during a high epidemic situation

- Pilot/lab-scale studies, books, reviews, guidelines, and survey studies

Time Frame

January 2001 to December 2020

Data Sources

Peer-reviewed Articles

Ovid MEDLINE, Ovid EMBASE, Web of Science, World Health Organization Global Index Medicus, and ProQuest Environmental Science Collection

Grey Literature

Google Scholar and Trove

Population
The population of interest will not be specific to any groups,
categories, or locations. Studies that assess the presence and/or
abundance of ARB, ARGs, and antibiotic residues in treated
WWTP effluent in any population will be included.

Interventions
Interventions will include the wastewater treatment methods
employed at WWTPs that receive municipal, hospital, and
domestic wastewater, with respect to the removal of ARB/ARGs
and antibiotic residues from the effluent that is discharged into
receiving water bodies from the treatment plant.

Comparison
We will compare conventional and new wastewater treatment
strategies to assess the efficiency of different wastewater
treatment methods in reducing the levels of ARB, ARGs, and
antibiotic residues from effluent. We consider conventional
treatment methods as a combination of processes, including
physical, chemical, and biological methods for removing solids
and organic matter, and new/additional treatment methods as
those that provide integrational alternatives for the treatment
of wastewater for reducing contaminants.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e33365 | p.253https://www.researchprotocols.org/2021/11/e33365
(page number not for citation purposes)

Alam et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Outcomes
The main outcomes to be explored in this systematic review are
as follows: (1) The removal rate of ARB/ARGs from WWTPs
that receive 3 types of wastewater, and comparison between
conventional treatment strategies and new/additional treatment
strategies (eg, presence or absence of disinfection processes);
(2) The presence, concentration, and types of antibiotic residues
in the effluent; and (3) Whether wastewater treatment processes
in WWTPs promote the selection of ARB despite an effective
decrease in the total number of bacteria.

Sources of Information
The research team will search several scientific electronic
databases for peer-reviewed articles and grey literature to
identify published articles according to the search terms for the
review.

Databases will include Ovid MEDLINE, Ovid EMBASE, Web
of Science, World Health Organization Global Index Medicus
(WHO GIM), and ProQuest Environmental Science Collection.
Searches for grey literature will be conducted through Google
Scholar and Trove. The reference lists of all the included studies
will also be searched manually by the researchers to identify
any relevant articles for inclusion in the review and for
improving the comprehensiveness of the search. Since the

review will be based on samples from influent and effluent
generated from WWTPs to determine the removal rate of ARB,
ARGs, and antibiotic residues, which will help us to determine
the treatment methodologies that have a comparative advantage,
we will not include any existing review articles on the relevant
topic.

Studies that have been published or accepted for publication
will be included since limited data from conference proceedings
may not allow an in-depth assessment of the studies [41,42]
and will be limited to those that have been published within the
years 2001-2020. The time frame limitation has been added
since studies related to AMR published prior to 2001 did not
have an environmental focus. The review will also be limited
to English articles that are available in international databases
and on websites. However, a certain level of bias may be
introduced due to the language restriction, although few studies
claim that excluding non-English literature does not have a large
effect on systematic reviews and meta-analyses [43,44].

Search Strategy
The search strategy used for the Ovid MEDLINE database has
been shown in Table 1. For the other databases, the search
strategy will be adjusted according to the instructions of each
database.
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Table 1. Search strategy used for the MEDLINE database.

Results, nSearchaNumber

1052Antibiotic residue$.mp.1

3338Antibiotic resistan$ bacteria.mp.2

5460antibiotic resistance gene$.mp.3

161antimicrobial resistan$ organism$.mp.4

267antimicrobial resistan$ pathogen$.mp.5

2ARB selection.mp.6

399Anti-Microbial Agent$.mp.7

23,724Wastewater treat$.mp.8

9Graywater treat$.mp.9

92Greywater treat$.mp.10

10,628wastewater treat$ plant$.mp.11

105wastewater treatment method$.mp.12

69conventional wastewater treatment process$.mp.13

11new wastewater treatment process$.mp.14

29,387effluent.mp.15

7430influent.mp.16

1566Antimicrobial resistance gene$.mp.17

25,483antimicrobial resistan$.mp.18

45,671antibiotic resistan$.mp.19

184,995plasmid$.mp.20

3861Sewage treatment.mp.21

245,1581 or 2 or 3 or 4 or 5 or 6 or 7 or 17 or 18 or 19 or 2022

52,7918 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 2123

139722 and 2324

1324limit 24 to yr=“2001 -Current”25

1296limit 25 to english language26

aIn the search, mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, and synonyms.

Data Management
The articles retrieved from database searching will be imported
to EndNote X9 to identify and remove duplicates. Remaining
entries will be evaluated using the inclusion and exclusion
criteria. The list of retrieved full-text articles will be exported
from EndNote to the web-based application Rayyan QCRI,
which will be used for carrying out the screening process [45].
Following the PRISMA guidelines, we will select articles in 4
phases following the flow of the diagram as follows: (1)
identification, (2) screening, (3) eligibility, and (4) inclusion
[46].

Study Selection
During the study selection process, titles and abstracts of the
articles will be screened to shortlist them according to relevance
to the objectives under the research question. Two reviewers
will screen titles and abstracts independently. The decision for
including or excluding articles will be finalized by the 2

reviewers, after reaching a common level of understanding for
each article, and a third reviewer will provide approval and
resolve disagreements, should any arise. The shortlisted articles
will be screened for eligibility in order to determine if they
fulfill the objectives of the review, and critical appraisal will
be conducted subsequently.

We will use a standardized set of questions that have been
adapted from previous studies [42,47,48] for selecting articles
to include or exclude for the systematic review. The questions
for screening studies for relevance are as follows: (1) Does the
abstract refer to primary research published in a peer-reviewed
journal or as grey literature (eg, thesis)? (2) Does the study
assess the presence, abundance, or concentration of ARB, ARGs,
or antibiotic residues in the influent and effluent of WWTPs?
(3) Does the study report the removal rate of ARB, ARGs, or
antibiotic residues going from influent to effluent? (4) Were
the samples collected from the effluent of WWTPs that received
municipal, domestic, and hospital discharge?
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Articles for which the answer is “Yes” to any of the questions
from 1 through 3 and “Yes” for question 4 will be shortlisted
from the relevance screening phase for full-text review. Articles
for which the answer is “No” for question 4 will be excluded
and will not be considered for additional review. Literature for
which the answer to the first 3 questions cannot be determined
through screening of the abstracts and titles will be considered
for further full-text screening. These articles will be classified
as “maybe” in Rayyan QCRI software for further discussion
among the reviewers in order to reach a mutual decision
regarding inclusion. After finalizing the list of articles from the
relevance screening phase, we will screen the methods of the
included studies against the objectives of the review for data
extraction.

Data Extraction
To increase the reliability of the process, data extraction will
be carried out by at least two reviewers who will collaboratively
work on the selected articles. Findings extracted will be inputted
into a standardized data extraction form on MS Excel
spreadsheet (Microsoft Corp) that will be piloted before use.
The form will include key points, findings, and a summary of

the included studies based on the review objectives. The
extracted data will be grouped into the following categories:
(1) characteristics of the study (location, study design, and
sample size), (2) type of source (location and characteristics of
WWTPs), (3) type of sample (quality of samples, ARB or ARGs
analyzed, and effluent or influent analyzed), and (4) comparators
(types of treatment methods analyzed, and the removal rate,
presence, and concentration of ARB/ARGs/antibiotics for each
method).

Quality Assessment
We will perform risk of bias assessment at the study design
level through adapting the previously published tool by
Williams-Nguyen et al [47]. The risk of bias in each domain
will be categorized as “low,” “high,” and “unclear” according
to the Cochrane Collaboration Risk of Bias Tool [49]. Two
reviewers will independently assess the quality of the included
studies. Before the full assessment, the risk of bias tool (Table
2) will be pretested by both reviewers on several included papers
to improve interpretation agreement and ensure consistency of
data entry. Discrepancies will be resolved by discussion, and a
third reviewer will be consulted if necessary.
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Table 2. Risk of bias tool.

CriteriaAssessment questionBias domain

Were sample locations and sampling
methods implementing such that sam-

Sample selection
bias

1. Criteria for the judgement of “Yes” (low risk):
Method for determining the sampling locations is identical and independent of
exposure status (ie, sample taken from the influent and final effluent of the

•
pling did not introduce systematic dif-

WWTPa)ferences depending on the value of the
exposure variable for each sample (in • The WWTP receives only municipal, hospital, and domestic wastewater regard-

less of differences in treatment methods or treatment stages (primary, secondary,the case of continuous exposure data)
or between the comparison groups (in or tertiary)
the case of categorical exposure mea-
sures)?

• Influent wastewater does not have any form of pretreatment before being dis-
charged in the WWTP

• The time between sampling at all sites is sufficiently close to render the out-
comes measured at these sites comparable for the sample type in question

• Collection of 24-h composite samples
• The authors describe the frequency of sampling (daily, weekly, monthly, etc)

at each site
• The authors describe the volume of collected samples from the influent and

effluent of the WWTP

2. Criteria for the judgement of “No” (high risk):
• Sampling locations are selected differently (eg, samples taken from the effluent

of the grit chamber, aeration tank, and secondary clarifier)
• The WWTP does not receive municipal, hospital, and domestic wastewater

regardless of differences in treatment methods or treatment stages (primary,
secondary, or tertiary)

• Influent wastewaters have some form of pretreatment before being discharged
in the WWTP

• Time between sampling at all sites is not sufficiently close
• Collection of grab samples
• Collection of grab samples
• The authors do not describe the frequency of sampling (daily, weekly, monthly,

etc) at each site
• The authors do not describe the volume of collected samples

3. Risk of bias will be considered “unclear” if there is not enough information to judge
sample selection bias criteria as either “yes” or “no.” For example, if methods for
determining sampling locations are not described in enough detail.

Were outcome ascertainment methods
(ie, methods for antibiotic-resistance

Information bias 1. Criteria for the judgement of “Yes” (low risk):
Identical microbiological methods are applied to all samples (ie, influent and•
effluent samples) for ARBb, ARGc, and antibiotic detection (eg, culture, poly-gene, antibiotic-resistant bacteria, and

antibiotic or bacterial measurements) merase chain reaction, genotyping, phenotypic tests, mass spectrometry, and
conducted in a way that ensures the high-performance liquid chromatography).
same accuracy regardless of wastewater
sample type?

• Controlling for different laboratory factors (eg, laboratory type, technician,
testing date, and instrument used)

2. Criteria for the judgement of “No” (high risk):
• Application of different methods depending on the comparison group
• No adjustment strategy for different laboratory methods

3. Risk of bias will be considered “unclear” if there is not enough information to judge
information bias criteria as either “yes” or “no.” For example, if methods for analyses
are not explained sufficiently to reach a judgement.
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CriteriaAssessment questionBias domain

1. Criteria for the judgement of “Yes” (low risk):
• Restriction of the sample population (eg, samples are not collected on a rainy

day and instead collected on a dry day)
• Samples are collected in different seasons (eg, winter and summer)
• Analytical confounding control (eg, stratification, regression adjustment, and

test samples are stored correctly)

2. Criteria for the judgement of “No” (high risk):
• The sample population is not restricted (eg, samples are collected on a rainy

day)
• Lack of any confounding control despite being likely (eg, samples are not col-

lected in different seasons [winter and summer] and no consideration of water
salinity)

• Inappropriate method of confounding control (eg, test samples are not stored
correctly)

• Controlling for confounding is correctly applied for some potential confounders,
but not for all

3. Risk of bias will be considered “unclear” if there is not enough information to judge
information bias criteria as either “yes” or “no.” For example, if methods to control
for confounding are mentioned but the implementation is not explained sufficiently
at length to reach a judgement.

Were adequate methods to control for
potential confounding employed?

Confounding

aWWTP: wastewater treatment plant.
bARB: antibiotic-resistant bacteria.
cARG: antibiotic-resistance gene.

Evidence Synthesis
The reviewers will decide on the aspects of the study for data
synthesis by considering accuracy, limitations, and the approach
used to assess the effectiveness of the wastewater treatment
methods. An acceptable or narrative synthesis method will be
followed to synthesize data based on the objectives of the
research question, which will be presented in a tabular form.
Descriptive characteristics of the study, including study design,
location, year, sample type, and quality, as well as variables
analyzed in the study, will be provided. Outcomes of the study
will be synthesized, which will allow for relevant comparison
between treatment methods in WWTPs. Interpretation of the
removal rate of the treatment processes for ARB/ARGs and
antibiotic residues will be finalized for data synthesis depending
on the outcomes in the included studies found after data
extraction. We will also present the quality assessment of the
included studies and mark the risks as “low,” “high,” and
“unclear” in a tabular form. Heterogeneity in the included
studies will be considered, and based on the type of findings an
additional meta-analysis may be presented separately if
sufficient high-quality homogenous studies are found that would
allow findings to be pooled for a fixed- or random-effects
meta-analysis.

Ethics Approval
The study was approved by the Ethics Review Board at the
International Centre for Diarrhoeal Disease Research,
Bangladesh (Protocol Number: PR-20113).

Results

We will start the review on December 1, 2021, and it will be
completed by June 30, 2022. Our systematic review results will

provide an update to the existing literature by searching on
additional databases. Findings from our study will inform the
planning of proper treatment methods that can effectively reduce
the levels of ARB, ARGs, and residual antibiotics in effluent,
thus lowering the risk of environmental spread of AMR and its
further transmission to humans and animals.

Discussion

The protocol outlines our methods for a systematic review of
the published scientific literature to determine the most effective
treatment strategies in WWTPs that do not receive industrial
wastewater for the removal of ARB, ARGs, and antibiotic
residues from effluent. The provided flow diagram in Figure 1
will be followed as a guide for the review process for searching
the literature using the specified keywords, screening phases of
the shortlisted literature following the standardized
questionnaire, conducting quality assessment of the studies, and
finally conducting data extraction after retrieval of full-text
articles for evidence synthesis.

A systematic review published in 2018 [50] on the role of
WWTPs and agricultural facilities in the dissemination of ARB
and ARGs in the natural environment explored outcomes that
are closely related to this study. However, we aim to provide
an update to the existing literature by searching other databases,
such as Ovid MEDLINE, Ovid EMBASE, Web of Science,
WHO GIM, and ProQuest Environmental Science Collection.
This initiative will enrich the current level of understanding of
the impact of ARB and ARGs focusing on effluents from
WWTPs that receive municipal, hospital, and domestic
wastewater.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e33365 | p.258https://www.researchprotocols.org/2021/11/e33365
(page number not for citation purposes)

Alam et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


 

Acknowledgments
We acknowledge the contribution of Musarrat Rahman for reviewing the draft manuscript. We also thank Mehedi Hasan for
contributing in the preliminary literature review for generating research questions. The International Centre for Diarrhoeal Disease
Research, Bangladesh is grateful to the governments of Bangladesh, Canada, Sweden, and the United Kingdom for providing
core/unrestricted support. We are grateful to the Swedish International Development Cooperation Agency (SIDA) for funding
this review. SIDA is Sweden’s government agency for development cooperation.

Authors' Contributions
MA, SF, AK, and SKL generated the research questions, and made final decisions on the inclusion and exclusion criteria. MA
and SF prepared the first draft of the manuscript together with AK and SKL. AE, AL, MAI, RH, and MR provided their technical
inputs that uplifted the draft manuscript. SKL, AK, SF, and FS prepared the data extraction plan together with all authors. RK,
ZR, SMP, NA, AL, BTT, NT, MAI, MR, and RH critically reviewed the study design and data extraction plan. All the authors
read and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Peer-review report by the International Centre for Diarrhoeal Disease Research, Bangladesh.
[PDF File (Adobe PDF File), 81 KB - resprot_v10i11e33365_app1.pdf ]

References
1. Gashe F, Mulisa E, Mekonnen M, Zeleke G. Antimicrobial Resistance Profile of Different Clinical Isolates against

Third-Generation Cephalosporins. J Pharm (Cairo) 2018 Sep 09;2018:5070742-5070747 [FREE Full text] [doi:
10.1155/2018/5070742] [Medline: 30271652]

2. Koulenti D, Xu E, Song A, Sum Mok IY, Karageorgopoulos DE, Armaganidis A, et al. Emerging Treatment Options for
Infections by Multidrug-Resistant Gram-Positive Microorganisms. Microorganisms 2020 Jan 30;8(2):191 [FREE Full text]
[doi: 10.3390/microorganisms8020191] [Medline: 32019171]

3. Friedman N, Temkin E, Carmeli Y. The negative impact of antibiotic resistance. Clin Microbiol Infect 2016
May;22(5):416-422 [FREE Full text] [doi: 10.1016/j.cmi.2015.12.002] [Medline: 26706614]

4. Burch TR, Sadowsky MJ, LaPara TM. Fate of antibiotic resistance genes and class 1 integrons in soil microcosms following
the application of treated residual municipal wastewater solids. Environ Sci Technol 2014 May 20;48(10):5620-5627. [doi:
10.1021/es501098g] [Medline: 24762092]

5. Manaia CM, Rocha J, Scaccia N, Marano R, Radu E, Biancullo F, et al. Antibiotic resistance in wastewater treatment plants:
Tackling the black box. Environ Int 2018 Jun;115:312-324. [doi: 10.1016/j.envint.2018.03.044] [Medline: 29626693]

6. Pal C, Bengtsson-Palme J, Kristiansson E, Larsson DGJ. The structure and diversity of human, animal and environmental
resistomes. Microbiome 2016 Oct 07;4(1):54 [FREE Full text] [doi: 10.1186/s40168-016-0199-5] [Medline: 27717408]

7. Almakki A, Jumas-Bilak E, Marchandin H, Licznar-Fajardo P. Antibiotic resistance in urban runoff. Sci Total Environ
2019 Jun 01;667:64-76. [doi: 10.1016/j.scitotenv.2019.02.183] [Medline: 30826682]

8. Primer for Municipal Wastewater Treatment Systems. United States Environmental Protection Agency. URL: https://www3.
epa.gov/npdes/pubs/primer.pdf [accessed 2021-06-14]

9. Raven K, Ludden C, Gouliouris T, Blane B, Naydenova P, Brown N, et al. Genomic surveillance of Escherichia coli in
municipal wastewater treatment plants as an indicator of clinically relevant pathogens and their resistance genes. Microb
Genom 2019 May;5(5) [FREE Full text] [doi: 10.1099/mgen.0.000267] [Medline: 31107200]

10. Nadimpalli M, Delarocque-Astagneau E, Love D, Price L, Huynh B, Collard J, Bacterial Infectionsantibiotic-Resistant
Diseases among Young children in low-income countries (BIRDY) Study Group. Combating Global Antibiotic Resistance:
Emerging One Health Concerns in Lower- and Middle-Income Countries. Clin Infect Dis 2018 Mar 05;66(6):963-969.
[doi: 10.1093/cid/cix879] [Medline: 29346620]

11. Tackling drug-resistant infections globally: final report and recommendations. Review on Antimicrobial Resistance. 2016.
URL: https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf [accessed 2021-05-12]

12. Functionality of wastewater treatment plants in low- and middle income countries. WaterAid. URL: https://washmatters.
wateraid.org/sites/g/files/jkxoof256/files/
functionality-of-wastewater-treatment-plants-in-low--and-middle-income-countries-desk-review_1.pdf [accessed 2021-06-10]

13. Sato T, Qadir M, Yamamoto S, Endo T, Zahoor A. Global, regional, and country level need for data on wastewater generation,
treatment, and use. Agricultural Water Management 2013 Dec;130:1-13. [doi: 10.1016/j.agwat.2013.08.007]

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e33365 | p.259https://www.researchprotocols.org/2021/11/e33365
(page number not for citation purposes)

Alam et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v10i11e33365_app1.pdf&filename=0d15a2928ae38557d52fbd1913ca4c52.pdf
https://jmir.org/api/download?alt_name=resprot_v10i11e33365_app1.pdf&filename=0d15a2928ae38557d52fbd1913ca4c52.pdf
https://doi.org/10.1155/2018/5070742
http://dx.doi.org/10.1155/2018/5070742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30271652&dopt=Abstract
https://www.mdpi.com/resolver?pii=microorganisms8020191
http://dx.doi.org/10.3390/microorganisms8020191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32019171&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1198-743X(15)01028-9
http://dx.doi.org/10.1016/j.cmi.2015.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26706614&dopt=Abstract
http://dx.doi.org/10.1021/es501098g
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24762092&dopt=Abstract
http://dx.doi.org/10.1016/j.envint.2018.03.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29626693&dopt=Abstract
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-016-0199-5
http://dx.doi.org/10.1186/s40168-016-0199-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27717408&dopt=Abstract
http://dx.doi.org/10.1016/j.scitotenv.2019.02.183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30826682&dopt=Abstract
https://www3.epa.gov/npdes/pubs/primer.pdf
https://www3.epa.gov/npdes/pubs/primer.pdf
http://mgen.microbiologyresearch.org/pubmed/content/journal/mgen/10.1099/mgen.0.000267
http://dx.doi.org/10.1099/mgen.0.000267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31107200&dopt=Abstract
http://dx.doi.org/10.1093/cid/cix879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29346620&dopt=Abstract
https://amr-review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf
https://washmatters.wateraid.org/sites/g/files/jkxoof256/files/functionality-of-wastewater-treatment-plants-in-low--and-middle-income-countries-desk-review_1.pdf
https://washmatters.wateraid.org/sites/g/files/jkxoof256/files/functionality-of-wastewater-treatment-plants-in-low--and-middle-income-countries-desk-review_1.pdf
https://washmatters.wateraid.org/sites/g/files/jkxoof256/files/functionality-of-wastewater-treatment-plants-in-low--and-middle-income-countries-desk-review_1.pdf
http://dx.doi.org/10.1016/j.agwat.2013.08.007
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Pruden A, Larsson DJ, Amézquita A, Collignon P, Brandt KK, Graham DW, et al. Management options for reducing the
release of antibiotics and antibiotic resistance genes to the environment. Environ Health Perspect 2013 Aug;121(8):878-885
[FREE Full text] [doi: 10.1289/ehp.1206446] [Medline: 23735422]

15. Xu J, Xu Y, Wang H, Guo C, Qiu H, He Y, et al. Occurrence of antibiotics and antibiotic resistance genes in a sewage
treatment plant and its effluent-receiving river. Chemosphere 2015 Jan;119:1379-1385. [doi:
10.1016/j.chemosphere.2014.02.040] [Medline: 24630248]

16. McConnell MM, Truelstrup Hansen L, Jamieson RC, Neudorf KD, Yost CK, Tong A. Removal of antibiotic resistance
genes in two tertiary level municipal wastewater treatment plants. Sci Total Environ 2018 Dec 01;643:292-300. [doi:
10.1016/j.scitotenv.2018.06.212] [Medline: 29940441]

17. Berendes D, Kirby A, Brown J, Wester AL. Human faeces-associated extended-spectrum β-lactamase-producing Escherichia
coli discharge into sanitation systems in 2015 and 2030: a global and regional analysis. Lancet Planet Health 2020
Jun;4(6):e246-e255 [FREE Full text] [doi: 10.1016/S2542-5196(20)30099-1] [Medline: 32559441]

18. Zhang Y, Zhuang Y, Geng J, Ren H, Zhang Y, Ding L, et al. Inactivation of antibiotic resistance genes in municipal
wastewater effluent by chlorination and sequential UV/chlorination disinfection. Sci Total Environ 2015 Apr
15;512-513:125-132. [doi: 10.1016/j.scitotenv.2015.01.028] [Medline: 25616228]

19. Pal P. Treatment and Disposal of Pharmaceutical Wastewater: Toward the Sustainable Strategy. Separation & Purification
Reviews 2017 Sep 11;47(3):179-198. [doi: 10.1080/15422119.2017.1354888]

20. Kookana RS, Williams M, Boxall ABA, Larsson DGJ, Gaw S, Choi K, et al. Potential ecological footprints of active
pharmaceutical ingredients: an examination of risk factors in low-, middle- and high-income countries. Philos Trans R Soc
Lond B Biol Sci 2014 Nov 19;369(1656):20130586 [FREE Full text] [doi: 10.1098/rstb.2013.0586] [Medline: 25405973]

21. Tran NH, Reinhard M, Gin KY. Occurrence and fate of emerging contaminants in municipal wastewater treatment plants
from different geographical regions-a review. Water Res 2018 Apr 15;133:182-207. [doi: 10.1016/j.watres.2017.12.029]
[Medline: 29407700]

22. Larsson DGJ. Pollution from drug manufacturing: review and perspectives. Philos Trans R Soc Lond B Biol Sci 2014 Nov
19;369(1656):20130571 [FREE Full text] [doi: 10.1098/rstb.2013.0571] [Medline: 25405961]

23. Marano RBM, Cytryn E. The Mobile Resistome in Wastewater Treatment Facilities and Downstream Environments. In:
Keen PL, Fugère R, editors. Antimicrobial Resistance in Wastewater Treatment Processes. Hoboken, NJ: John Wiley &
Sons, Inc; 2017:129-155.

24. Pescod MB. Wastewater Treatment and Use in Agriculture: No. 47 (FAO Irrigation and Drainage Paper). Rome, Italy:
Food & Agriculture Organization of the United Nations; 1992.

25. Samer M. Biological and Chemical Wastewater Treatment Processes. In: Wastewater Treatment Engineering. London,
United Kingdom: InTech Europe; 2015.

26. Crini G, Lichtfouse E. Advantages and disadvantages of techniques used for wastewater treatment. Environ Chem Lett
2018 Jul 31;17(1):145-155. [doi: 10.1007/s10311-018-0785-9]

27. Pei M, Zhang B, He Y, Su J, Gin K, Lev O, et al. State of the art of tertiary treatment technologies for controlling antibiotic
resistance in wastewater treatment plants. Environ Int 2019 Oct;131:105026 [FREE Full text] [doi:
10.1016/j.envint.2019.105026] [Medline: 31351383]

28. Water Digest. URL: https://thewaterdigest.com/ [accessed 2021-07-02]
29. Sabri N, van Holst S, Schmitt H, van der Zaan B, Gerritsen H, Rijnaarts H, et al. Fate of antibiotics and antibiotic resistance

genes during conventional and additional treatment technologies in wastewater treatment plants. Sci Total Environ 2020
Nov 01;741:140199 [FREE Full text] [doi: 10.1016/j.scitotenv.2020.140199] [Medline: 32615424]

30. Hassen A, Mahrouk M, Ouzari H, Cherif M, Boudabous A, Damelincourt JJ. UV disinfection of treated wastewater in a
large-scale pilot plant and inactivation of selected bacteria in a laboratory UV device. Bioresource Technology 2000
Sep;74(2):141-150. [doi: 10.1016/s0960-8524(99)00179-0]

31. Destiani R, Templeton MR. Chlorination and ultraviolet disinfection of antibiotic-resistant bacteria and antibiotic resistance
genes in drinking water. AIMS Environmental Science 2019;6(3):222-241. [doi: 10.3934/environsci.2019.3.222]

32. Stange C, Sidhu J, Toze S, Tiehm A. Comparative removal of antibiotic resistance genes during chlorination, ozonation,
and UV treatment. Int J Hyg Environ Health 2019 Apr;222(3):541-548. [doi: 10.1016/j.ijheh.2019.02.002] [Medline:
30738743]

33. Gadipelly C, Pérez-González A, Yadav GD, Ortiz I, Ibáñez R, Rathod VK, et al. Pharmaceutical Industry Wastewater:
Review of the Technologies for Water Treatment and Reuse. Ind. Eng. Chem. Res 2014 Jul 14;53(29):11571-11592. [doi:
10.1021/ie501210j]

34. Barancheshme F, Munir M. Strategies to Combat Antibiotic Resistance in the Wastewater Treatment Plants. Front Microbiol
2017 Jan 17;8:2603 [FREE Full text] [doi: 10.3389/fmicb.2017.02603] [Medline: 29387043]

35. Goic-Barisic I, Hrenovic J, Kovacic A, Musić M. Emergence of Oxacillinases in Environmental Carbapenem-Resistant
Acinetobacter baumannii Associated with Clinical Isolates. Microb Drug Resist 2016 Oct;22(7):559-563. [doi:
10.1089/mdr.2015.0275] [Medline: 27705609]

36. Hassen B, Abbassi M, Ruiz-Ripa L, Mama O, Ibrahim C, Benlabidi S, et al. Genetic characterization of extended-spectrum
β-lactamase-producing Enterobacteriaceae from a biological industrial wastewater treatment plant in Tunisia with detection

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e33365 | p.260https://www.researchprotocols.org/2021/11/e33365
(page number not for citation purposes)

Alam et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://ehp.niehs.nih.gov/doi/10.1289/ehp.1206446?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1289/ehp.1206446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23735422&dopt=Abstract
http://dx.doi.org/10.1016/j.chemosphere.2014.02.040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24630248&dopt=Abstract
http://dx.doi.org/10.1016/j.scitotenv.2018.06.212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29940441&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2542-5196(20)30099-1
http://dx.doi.org/10.1016/S2542-5196(20)30099-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32559441&dopt=Abstract
http://dx.doi.org/10.1016/j.scitotenv.2015.01.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25616228&dopt=Abstract
http://dx.doi.org/10.1080/15422119.2017.1354888
http://europepmc.org/abstract/MED/25405973
http://dx.doi.org/10.1098/rstb.2013.0586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25405973&dopt=Abstract
http://dx.doi.org/10.1016/j.watres.2017.12.029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29407700&dopt=Abstract
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.2013.0571?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1098/rstb.2013.0571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25405961&dopt=Abstract
http://dx.doi.org/10.1007/s10311-018-0785-9
https://linkinghub.elsevier.com/retrieve/pii/S0160-4120(19)30737-8
http://dx.doi.org/10.1016/j.envint.2019.105026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31351383&dopt=Abstract
https://thewaterdigest.com/
https://linkinghub.elsevier.com/retrieve/pii/S0048-9697(20)33720-7
http://dx.doi.org/10.1016/j.scitotenv.2020.140199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32615424&dopt=Abstract
http://dx.doi.org/10.1016/s0960-8524(99)00179-0
http://dx.doi.org/10.3934/environsci.2019.3.222
http://dx.doi.org/10.1016/j.ijheh.2019.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30738743&dopt=Abstract
http://dx.doi.org/10.1021/ie501210j
https://doi.org/10.3389/fmicb.2017.02603
http://dx.doi.org/10.3389/fmicb.2017.02603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29387043&dopt=Abstract
http://dx.doi.org/10.1089/mdr.2015.0275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27705609&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


of the colistin-resistance mcr-1 gene. FEMS Microbiol Ecol 2021 Mar 10;97(3):1-9. [doi: 10.1093/femsec/fiaa231] [Medline:
33202005]

37. Topal M, Arslan Topal EI. Occurrence and fate of tetracycline and degradation products in municipal biological wastewater
treatment plant and transport of them in surface water. Environ Monit Assess 2015 Dec 13;187(12):750. [doi:
10.1007/s10661-015-4978-4] [Medline: 26566643]

38. Varela AR, André S, Nunes OC, Manaia CM. Insights into the relationship between antimicrobial residues and bacterial
populations in a hospital-urban wastewater treatment plant system. Water Res 2014 May 01;54:327-336. [doi:
10.1016/j.watres.2014.02.003] [Medline: 24583524]

39. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane Handbook for Systematic Reviews of
Interventions, Second Edition. Hoboken, NJ: John Wiley & Sons; 2019.

40. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, PRISMA-P Group. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015 Jan 01;4(1):1 [FREE Full text]
[doi: 10.1186/2046-4053-4-1] [Medline: 25554246]

41. O'Connor AM, Anderson KM, Goodell CK, Sargeant JM. Conducting systematic reviews of intervention questions I:
Writing the review protocol, formulating the question and searching the literature. Zoonoses Public Health 2014 Jun 06;61
Suppl 1:28-38. [doi: 10.1111/zph.12125] [Medline: 24905994]

42. Rodríguez-Molina D, Mang P, Schmitt H, Chifiriuc M, Radon K, Wengenroth L. Do wastewater treatment plants increase
antibiotic resistant bacteria or genes in the environment? Protocol for a systematic review. Syst Rev 2019 Dec 05;8(1):304-308
[FREE Full text] [doi: 10.1186/s13643-019-1236-9] [Medline: 31806019]

43. Jüni P, Holenstein F, Sterne J, Bartlett C, Egger M. Direction and impact of language bias in meta-analyses of controlled
trials: empirical study. Int J Epidemiol 2002 Feb;31(1):115-123. [doi: 10.1093/ije/31.1.115] [Medline: 11914306]

44. Moher D, Pham B, Lawson M, Klassen T. The inclusion of reports of randomised trials published in languages other than
English in systematic reviews. Health Technol Assess 2003 Dec;7(41):1-90 [FREE Full text] [doi: 10.3310/hta7410]
[Medline: 14670218]

45. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and mobile app for systematic reviews. Syst Rev
2016 Dec 05;5(1):210 [FREE Full text] [doi: 10.1186/s13643-016-0384-4] [Medline: 27919275]

46. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews
(PRISMA-ScR): Checklist and Explanation. Ann Intern Med 2018 Oct 02;169(7):467-473 [FREE Full text] [doi:
10.7326/M18-0850] [Medline: 30178033]

47. Williams-Nguyen J, Bueno I, Sargeant JM, Nault AJ, Singer RS. What is the evidence that point sources of anthropogenic
effluent increase antibiotic resistance in the environment? Protocol for a systematic review. Anim Health Res Rev 2016
Jun;17(1):9-15. [doi: 10.1017/S1466252316000037] [Medline: 27427189]

48. Bueno I, Williams-Nguyen J, Hwang H, Sargeant JM, Nault AJ, Singer RS. Impact of point sources on antibiotic resistance
genes in the natural environment: a systematic review of the evidence. Anim Health Res Rev 2017 Dec;18(2):112-127.
[doi: 10.1017/S146625231700007X] [Medline: 29231804]

49. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0. Cochrane Handbook. 2011. URL: https:/
/training.cochrane.org/handbook/archive/v5.1 [accessed 2021-11-16]

50. Bueno I, Williams-Nguyen J, Hwang H, Sargeant JM, Nault AJ, Singer RS. Systematic Review: Impact of point sources
on antibiotic-resistant bacteria in the natural environment. Zoonoses Public Health 2018 Feb 05;65(1):e162-e184. [doi:
10.1111/zph.12426] [Medline: 29205899]

Abbreviations
AMR: antimicrobial resistance
ARB: antibiotic-resistant bacteria
ARG: antibiotic-resistance gene
LMIC: low- and middle-income country
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
WHO GIM: World Health Organization Global Index Medicus
WWTP: wastewater treatment plant

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e33365 | p.261https://www.researchprotocols.org/2021/11/e33365
(page number not for citation purposes)

Alam et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1093/femsec/fiaa231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33202005&dopt=Abstract
http://dx.doi.org/10.1007/s10661-015-4978-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26566643&dopt=Abstract
http://dx.doi.org/10.1016/j.watres.2014.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24583524&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-1
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25554246&dopt=Abstract
http://dx.doi.org/10.1111/zph.12125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24905994&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-019-1236-9
http://dx.doi.org/10.1186/s13643-019-1236-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31806019&dopt=Abstract
http://dx.doi.org/10.1093/ije/31.1.115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11914306&dopt=Abstract
http://www.journalslibrary.nihr.ac.uk/hta/hta7410
http://dx.doi.org/10.3310/hta7410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14670218&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0384-4
http://dx.doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919275&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/M18-0850?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30178033&dopt=Abstract
http://dx.doi.org/10.1017/S1466252316000037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27427189&dopt=Abstract
http://dx.doi.org/10.1017/S146625231700007X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29231804&dopt=Abstract
https://training.cochrane.org/handbook/archive/v5.1
https://training.cochrane.org/handbook/archive/v5.1
http://dx.doi.org/10.1111/zph.12426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29205899&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by T Derrick; submitted 04.09.21; this is a non–peer-reviewed article;accepted 11.09.21; published 26.11.21.

Please cite as:
Alam MU, Ferdous S, Ercumen A, Lin A, Kamal A, Luies SK, Sharior F, Khan R, Rahman MZ, Parvez SM, Amin N, Tadesse BT,
Moushomi NA, Hasan R, Taneja N, Islam MA, Rahman M
Effective Treatment Strategies for the Removal of Antibiotic-Resistant Bacteria, Antibiotic-Resistance Genes, and Antibiotic Residues
in the Effluent From Wastewater Treatment Plants Receiving Municipal, Hospital, and Domestic Wastewater: Protocol for a Systematic
Review
JMIR Res Protoc 2021;10(11):e33365
URL: https://www.researchprotocols.org/2021/11/e33365 
doi:10.2196/33365
PMID:34842550

©Mahbub-Ul Alam, Sharika Ferdous, Ayse Ercumen, Audrie Lin, Abul Kamal, Sharmin Khan Luies, Fazle Sharior, Rizwana
Khan, Md Ziaur Rahman, Sarker Masud Parvez, Nuhu Amin, Birkneh Tilahun Tadesse, Niharu Akter Moushomi, Rezaul Hasan,
Neelam Taneja, Mohammad Aminul Islam, Mahbubur Rahman. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 26.11.2021. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e33365 | p.262https://www.researchprotocols.org/2021/11/e33365
(page number not for citation purposes)

Alam et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2021/11/e33365
http://dx.doi.org/10.2196/33365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34842550&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Outcomes of Digital Biomarker–Based Interventions: Protocol for
a Systematic Review of Systematic Reviews

Hossein Motahari-Nezhad1*, MSc; Márta Péntek2, MD, PhD; László Gulácsi2,3, MD, DSC; Zsombor Zrubka2,3*, MBA,
MD, PhD
1Doctoral School of Business and Management, Corvinus University of Budapest, Budapest, Hungary
2Health Economics Research Center, University Research and Innovation Center, Obuda University, Budapest, Hungary
3Corvinus Institute for Advanced Studies, Corvinus University of Budapest, Budapest, Hungary
*these authors contributed equally

Corresponding Author:
Zsombor Zrubka, MBA, MD, PhD
Health Economics Research Center
University Research and Innovation Center
Obuda University
Bécsi út 96/b
Budapest, 1034
Hungary
Phone: 36 30 202 9415
Email: zsombor.zrubka@uni-corvinus.hu

Abstract

Background: Digital biomarkers are defined as objective, quantifiable, physiological, and behavioral data that are collected
and measured using digital devices such as portables, wearables, implantables, or digestibles. For their widespread adoption in
publicly financed health care systems, it is important to understand how their benefits translate into improved patient outcomes,
which is essential for demonstrating their value.

Objective: The paper presents the protocol for a systematic review that aims to assess the quality and strength of the evidence
reported in systematic reviews regarding the impact of digital biomarkers on clinical outcomes compared to interventions without
digital biomarkers.

Methods: A comprehensive search for reviews from 2019 to 2020 will be conducted in PubMed and the Cochrane Library
using keywords related to digital biomarkers and a filter for systematic reviews. Original full-text English publications of systematic
reviews comparing clinical outcomes of interventions with and without digital biomarkers via meta-analysis will be included.
The AMSTAR-2 tool will be used to assess the methodological quality of these reviews. To assess the quality of evidence, we
will evaluate the systematic reviews using the Grading of Recommendations, Assessment, Development and Evaluation (GRADE)
tool. To detect the possible presence of reporting bias, we will determine whether a protocol was published prior to the start of
the studies. A qualitative summary of the results by digital biomarker technology and outcomes will be provided.

Results: This protocol was submitted before data collection. Search, screening, and data extraction will commence in December
2021 in accordance with the published protocol.

Conclusions: Our study will provide a comprehensive summary of the highest level of evidence available on digital biomarker
interventions, providing practical guidance for health care providers. Our results will help identify clinical areas in which the use
of digital biomarkers has led to favorable clinical outcomes. In addition, our findings will highlight areas of evidence gaps where
the clinical benefits of digital biomarkers have not yet been demonstrated.

International Registered Report Identifier (IRRID): PRR1-10.2196/28204

(JMIR Res Protoc 2021;10(11):e28204)   doi:10.2196/28204
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digital biomarker; outcome; systematic review; meta-analysis; digital health; mobile health; Grading of Recommendations,
Assessment, Development and Evaluation; AMSTAR-2; review; biomarkers; clinical outcome; interventions; wearables; portables;
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Introduction

The advent of new medical technologies such as sensors has
accelerated the process of collecting patient data for relevant
clinical decisions [1], leading to the emergence of a new
technology, namely digital biomarkers. By definition, “digital
biomarkers are objective, quantifiable, physiological, and
behavioral measures collected using digital devices that are
portable, wearable, implantable, or digestible” [2].

In addition to their role in routine clinical care, digital
biomarkers also play a significant role in clinical trials [3].
Digital biomarkers are considered important enablers of the
health care value chain [4], and the global digital biomarker
market is projected to grow at a rate of 40.4% between 2019
and 2025, reaching US $5.64 billion in revenue by 2025 [5].

By providing reliable disease-related information [6], digital
biomarkers can offer considerable diagnostic and therapeutic
value in modern health care systems as monitoring tools and as
part of novel therapeutic interventions [7]. Digital biomarkers
could reduce clinical errors and improve the accuracy of
diagnostic methods for patients and clinicians using
measurement-based care [8]. As an alternative to cross-sectional
surveillance or prospective follow-ups with a limited number
of visits, these technologies can provide more reliable results
through continuous and remote home-based observation, and
when combined with appropriate interventions, digital
biomarkers have the potential to improve therapeutic outcomes
[9]. In addition, predicting patients' disease status during
continuous monitoring provides opportunities for treatment
processes with fewer complications [10].

Given the recent rapid pace of the development of digital health
technologies such as software [11], sensors [12], or robotic
devices [13,14], their widespread adoption in publicly financed
health care systems requires a systematic evaluation and
demonstration of their clinical benefits and economic value
[15]. The new European Medical Device Regulations effective
from May 2021 seek sufficient clinical evidence with the goal
of improving clinical security and providing equitable access
to appropriate products [16].

Because of rapid technological changes, several potential user
groups, and a wide range of functionalities, assessing the value
of digital health technologies is a challenging, multidimensional
task that often involves broader issues than standard health
economic evaluations [17-20]. The National Institute for Clinical
Excellence (NICE) has published an evidence framework to
guide innovators on what is considered a good level of evidence
to support the evaluation of digital health technology. According
to the NICE framework, digital biomarkers can fall into several
digital health technology risk categories, ranging from simple
consumer health monitoring to digital health interventions that
potentially impact treatment or diagnosis of care. Although
evidence of measurement accuracy and ongoing data collection
on use may be sufficient for lower risk categories, for high-risk
technologies, demonstration of clinical benefits in high-quality
interventional studies is required as a minimum standard of
evidence. NICE considers randomized controlled trials (RCTs)

conducted in a relevant health care system or meta-analyses of
RCTs to be the best practice evidence standard [20].

Numerous studies have conducted systematic reviews of digital
biomarkers in recent years with varying results. For instance,
a meta-analysis found that implantable cardioverter defibrillators
(ICDs) are generally effective in reducing all-cause mortality
in patients with nonischemic cardiomyopathy [21], whereas
another reported that ICD therapy for the primary prevention
of sudden cardiac death in women does not reduce all-cause
mortality [16]. In a meta-analysis comparing ICDs with drug
treatments, ICDs were found to be more effective than drugs in
preventing sudden cardiac death [22]. Some systematic reviews
on the use of wearable sensors for monitoring Parkinson disease
have reported that wearable sensors are the most effective digital
devices to detect differences in standing balance between people
with Parkinson disease and control subjects [23] and improve
quality of life [24]. In another systematic review, the clinical
utility of wearable sensors in patients with Parkinson disease
to support clinical decision making was not clear [25]. A 2011
systematic review confirmed no differences between the
effectiveness of portable coagulometers and conventional
coagulometers in monitoring oral anticoagulation [26].

The inconsistent results from current systematic reviews call
for a more systematic assessment of the strength and quality of
evidence regarding the health outcomes of interventions based
on digital biomarkers. Lack of knowledge about or omission of
the quality of evidence of systematic reviews may lead to biased
therapeutic guidelines and economic evaluations, and
consequently to the widespread adoption of potentially harmful
practices and a lag in the adoption of beneficial interventions
[27].

Several systems for assessing the quality of evidence have been
developed [28], of which the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) system
has been adopted by organizations such as the World Health
Organization, American College of Physicians, and the Cochrane
Collaboration due to its simplicity, methodological rigor, and
usefulness in systematic reviews, health technology assessments,
and therapeutic guidelines [27]. By assessing study limitations,
inconsistency of results, indirectness of evidence, imprecision
and reporting bias, GRADE classifies the quality of evidence
into four levels from high to very low, with high quality
indicating that further research is unlikely to alter our confidence
in the effect estimate. Furthermore, by assessing the risk and
benefit profile of interventions, GRADE offers two grades of
recommendation—strong or weak, with strong recommendations
indicating a clear positive or negative balance of risks and
benefits [27]. However, some systematic reviews do not provide
a structured assessment of the quality of synthesized evidence,
and the quality of reporting may also limit the quality assessment
of their results. Therefore, the AMSTAR-2 tool was developed
as a validated tool to assess the methodological quality of
systematic reviews [29].

Our goal is to provide innovators and policy makers with
practical insights into the state of evidence generation on digital
biomarkers, a rapidly evolving area of medicine [2]. This
systematic review of systematic reviews will assess the overall
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strength of evidence and the reporting quality of systematic
reviews that report a quantitative synthesis of the impact of
digital biomarkers on health outcomes when compared to
interventions without digital biomarkers. Methodological quality
of the studies will be assessed using the AMSTAR-2 tool,
whereas overall quality of evidence will be evaluated according
to GRADE by digital biomarker technologies and reported
outcomes.

Methods

This protocol was prepared following the PRISMA-P (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Protocols) statement preferred for describing items for
systematic review and meta-analysis protocols [30]. When
reporting the results of this study, amendments or deviations
from this protocol will be reported.

Eligibility Criteria
Original full-text English publications of systematic reviews
that report meta-analyses of clinical outcomes of digital
biomarker–based interventions compared with alternative
interventions without digital biomarkers will be included.
Specifically, we will include studies examining digital
biomarkers used for diagnosing humans with any health
condition in any age group and across genders. Studies
investigating the use of digital biomarkers in animals will be
excluded. Furthermore, the definition of digital biomarkers may
overlap with sensor applications in the general population such
as citizen sensing [31]. In this research, we will only consider
systematic reviews focusing on digital devices used by clinicians
or patients with the aim of collecting clinical data during
treatment.

All interventions that involve the use of digital biomarkers for
any purpose related to diagnosing patients, monitoring outcomes,
or influencing the delivery of a therapeutic intervention will be
considered. There will be no restrictions on comparators as long

as the comparator arm does not involve the application of digital
biomarkers for the purposes listed above. Only meta-analyses
of clinical outcomes that report the intentional or unintentional
change in the health status of participants resulting from an
intervention will be considered. Systematic reviews that focus
on measurement properties or other technical or use-related
features of digital biomarkers that are not measures of a change
in participants' health status due to an intervention are not
eligible for this review.

Systematic reviews published between January 1, 2019, and
December 31, 2020, will be included. We will include full-text
articles published in English in peer-reviewed journals,
conference papers, or systematic review databases, as well as
full-text documents of systematic reviews from
non–peer-reviewed sources, such as book chapters or health
technology assessment reports.

Search Strategy
A comprehensive literature search will be conducted in PubMed
and the Cochrane Library. In addition, the reference list of
eligible full-text systematic reviews will be searched for other
potentially eligible reviews for our study. Keywords related to
“digital biomarkers” and filters for “systematic reviews” and
publication dates will be combined in the literature search.
Automatic expansion of the search terms to include applicable
MeSH (Medical Subject Headings) terms will be allowed. For
searching the digital biomarker studies, we operationalized the
definition of “digital biomarkers” [2]. For identifying systematic
reviews, the search filter proposed by the National Library for
Medicine will be used [32]. This filter was designed to retrieve
systematic reviews from PubMed that have been assigned the
publication type “Systematic Review” during MEDLINE
indexing, citations that have not yet completed MEDLINE
indexing, and non-MEDLINE citations. The full syntax is
provided in Table 1. An equivalent syntax will be developed to
retrieve Cochrane reviews from the Cochrane Library.

Table 1. Search expressions for PubMed.

SyntaxNumberTerms

“digital biomarker” OR “digital biomarkers” OR portable OR portables OR wearable OR wearables OR implantable
OR implantables OR digestible OR digestibles

#1Digital biomarkers

(((systematic review[ti] OR systematic literature review[ti] OR systematic scoping review[ti] OR systematic
narrative review[ti] OR systematic qualitative review[ti] OR systematic evidence review[ti] OR systematic
quantitative review[ti] OR systematic meta-review[ti] OR systematic critical review[ti] OR systematic mixed
studies review[ti] OR systematic mapping review[ti] OR systematic Cochrane review[ti] OR systematic search
and review[ti] OR systematic integrative review[ti]) NOT comment[pt] NOT (protocol[ti] OR protocols[ti]))
NOT MEDLINE [subset]) OR (Cochrane Database Syst Rev[ta] AND review[pt]) OR systematic review[pt]

#2Systematic reviews

(“2019/01/01”[Date - Publication]: “2020/12/31”[Date - Publication])#3Publication date

#1 AND #2 AND #3#4Final search strategy

Screening and Selection
After removing duplicates, 2 reviewers will independently
screen the titles and abstracts according to two main eligibility
criteria: (1) systematic reviews and (2) interventions including
digital biomarkers that meet the definition “objective,
quantifiable, physiological, and behavioral measures collected

using digital devices that are portable, wearable, implantable,
or digestible” [2]. Following this definition, imaging or any
other technology that does not measure physiological or
behavioral data will be excluded from this study. Portable,
wearable, implantable, or digestible medical devices or sensors,
which generate physiological or behavioral data, will be
considered as digital biomarkers (such as fitness trackers and
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defibrillators). We interpret portable as “portable with respect
to patients or consumers”; therefore, portable devices that are
operated by health care professionals (eg, digital stethoscopes)
will be excluded. Studies other than systematic reviews will be
excluded in the screening phase. Interreviewer calibration
exercises will be performed after title and abstract screening of
the first 100 records, using the following method: both screening
criteria will be scored as 1 if “criterium not met” and 0 if
“criterium met or unsure.” Therefore, reviewers can evaluate
each record by assigning a score of 1, 2, 3, or 4, denoting
response patterns of (0,0), (1,0), (0,1), and (1,1), respectively.
Interrater agreement and the κ statistic will be calculated for
the score, and reviewers will be retrained if worse than
substantial agreement (κ 0.6) is not observed [33]. In case of
discordant evaluations, a third reviewer will make decisions.

After screening, full-text articles will be evaluated against all
eligibility criteria by 2 independent reviewers: (1) is the

language English? (yes/no or unsure), (2) does the review
concern human studies? (yes/no or unsure), (3) was the review
published between January 1, 2019, and December 31, 2020?
(yes/no or unsure), (4) does the review involve a meta-analysis
of clinical outcomes? (yes/no or unsure), (5) does the
intervention involve a digital biomarker used for diagnosis,
patient monitoring, or influencing therapy? (yes/no or unsure),
(6) does the comparator arm lack a digital biomarker for the
same purposes? (yes/no or unsure). For inclusion, all 6 criteria
must have yes as the answer. Discrepancies will have to be
resolved by the 2 reviewers. In case of disagreement, a third
reviewer will make the decision on including the article.
Excluded full-text articles and the reasons for exclusion will be
included as an appendix to the publication of results.

The screening results and selection of eligible studies will be
visualized using the PRISMA-P 2009 flow diagram shown in
Figure 1 [34].

Figure 1. PRISMA-P (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols) flow diagram of included studies.

Data Extraction
Data extraction will be performed by 2 independent researchers,
and a calibration exercise (evaluation of interrater agreement)
will be conducted after completing data extraction from 20%
of the included studies. Discrepancies between reviewers will
be resolved by consensus, and residual differences will be settled

by a third reviewer. Any modification needed in the data
extraction form will be done at this point.

Study-Level Variables
We will record the following study-level variables: year of
publication, the first author’s country using code 3166-1 of the
International Standards Organization, the total number of
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included studies on qualitative and quantitative synthesis as
well as separately for every outcome, study designs of the
included studies (RCTs and non-RCTs, cohort studies,
case-control studies, and cross-sectional studies) [35], population
and its age range, disease condition using the International
Classification of Diseases 11th Revision coding [36],
intervention, type of intervention using the International

Classification of Health Interventions coding [37], comparator,
type of comparator, digital biomarker, role of digital biomarker
(diagnosis, patient monitoring, and influencing intervention),
bodily function quantified by the digital biomarker using the
International Classification of Functioning, Disability and Health
coding [38], and the list of synthesized outcomes. Each eligible
study will be summarized in Figure 2.

Figure 2. Summary of the included studies, which will include resources retrieved from non–peer-reviewed sources and reviews retrieved from
peer-reviewed sources. Study designs will be listed in abbreviated form as the following: randomized controlled trial (RCT), non–randomized controlled
trial (non-RCT), cohort study (C), case-control study (CC), and cross-sectional study (CS).

Assessment of the Methodological Quality of
Systematic Reviews
The methodological quality of the eligible systematic reviews
will be assessed using the criteria of the AMSTAR-2 tool [29]
by 2 independent reviewers. Discrepancies will be resolved by
consensus; lingering differences will be resolved by a third
reviewer. AMSTAR-2 is a reliable and valid tool used for
assessing the methodological quality of systematic reviews of
randomized and nonrandomized studies of health care
interventions [29,39]. In brief, AMSTAR-2 evaluates
methodological quality according to the following 16 criteria:
(1) research question according to the PICO (patient,
intervention, comparison, outcome) framework, (2) methods
established prior to the study, (3) explicit inclusion criteria, (4)
comprehensive literature search, (5) study selection in duplicate,

(6) data extraction in duplicate, (7) reporting of excluded studies,
(8) detailed description of included studies, (9) risk of bias
(RoB) assessment, (10) disclosure of funding sources, (11)
appropriate statistical methods for evidence synthesis, (12)
quantitative assessment of RoB in main results, (13) study-level
discussion of RoB, (14) explanation for heterogeneity of results,
(15) investigation of publication bias, and (16) reporting
conflicts of interest.

For consistent rating [40], we will use the AMSTAR-2 website
[41]. The AMSTAR-2 website provides an overall grading of
the studies in four categories: critically low, low, medium, and
high. It also provides explicit criteria for the answer options
(yes, partially yes, and no). For each eligible article, answers
for all AMSTAR-2 items and the overall ratings will be
presented in Figure 3.The AMSTAR-2 items are presented in
Textbox 1.

Figure 3. Assessment of the methodological quality of reviews (AMSTAR-2). Overall quality will be listed as critically low (CL), low (L), medium
(M), and high (H).
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Textbox 1. AMSTAR-2 items.

1. Did the research questions and inclusion criteria for the review include the components of the PICO (patient, intervention, comparison, outcome)
framework?

2. Did the review report contain an explicit statement that the review methods were established prior to conducting the review and did the report
justify any significant deviations from the protocol?

3. Did the review authors explain their selection of the study designs for inclusion in the review?

4. Did the review authors use a comprehensive literature search strategy?

5. Did the review authors perform study selection in duplicate?

6. Did the review authors perform data extraction in duplicate?

7. Did the review authors provide a list of excluded studies and justify the exclusions?

8. Did the review authors describe the included studies in adequate detail?

9. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the review?

10. Did the review authors report on the sources of funding for the studies included in the review?

11. If a meta-analysis was performed, did the review authors use appropriate methods for the statistical combination of results?

12. If a meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis
or other evidence synthesis?

13. Did the review authors account for RoB in individual studies when interpreting and discussing the results of the review?

14. Did the review authors provide a satisfactory explanation for and discussion of any heterogeneity observed in the results of the review?

15. If they performed a quantitative synthesis, did the review authors carry out an adequate investigation of publication bias (small study bias) and
discuss its likely impact on the results of the review?

16. Did the review authors report any potential sources of conflicts of interest, including any funding they received for conducting the review?

Outcome-Level Variables
In addition to study-level variables, for each outcome
synthesized in the meta-analyses, the following information
will be extracted by duplicate reviews, using the process
described above: the measured outcome, total number of studies
per outcome, total number of patients and number of patients

in the intervention, effect size and its 95% CI (upper and lower
limits), as well as the type of effect size (standardized mean
difference, odds ratio, and risk ratio). Quantitative descriptions
of outcomes will be grouped by digital biomarker and are
provided in Figure 4, along with the assessment of the quality
of evidence.

Figure 4. Evidence summary and quality assessment by the GRADE (Grading of Recommendations, Assessment, Development and Evaluation) tool.
Measure will be listed as risk ratio (RR), odds ratio (OR), mean difference (MD), and standardized mean difference (SMD). GRADE certainty ratings
will be provided as high (H), medium (M), low (L), and very low quality of evidence (VL).
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Assessing the Quality of Evidence
We will evaluate the quality of evidence of the meta-analyses
for each outcome using the GRADE system [27,42]. By default,
GRADE considers the evidence from RCTs as high quality;
however, this assessment may be downgraded for each outcome
based on the evaluation of the following quality domains: (1)
RoB [43], (2) inconsistency [44], (3) imprecision [45], (4)
publication bias [46], and (5) indirectness [47]. Depending on
the severity of the quality concerns, for each domain, a
downgrade of 0, 1, or 2 can be proposed. We will assign
downgrades for RoB according to the following criteria: if 75%
or more than 75% of the included studies for a given outcome
are reported to have low RoB, no downgrades will be assigned;
if less than 75% of the included studies have low RoB, 1
downgrade will be assigned; if the RoB is not reported, 1
downgrade will be allocated [48].

To evaluate inconsistency, the reported heterogeneity (I2

statistic) of studies for each outcome will be considered. If the
heterogeneity of the included studies of an outcome is less than
or equal to 75%, no downgrade will be allotted. If the
heterogeneity of included studies of the outcome is more than
75%, 1 downgrade will be assigned. If only 1 trial is included
in the outcome, no downgrade will be assigned. In cases where
the heterogeneity is not reported, we will assign 1 downgrade
[48].

To assess imprecision, the sample size and CI will be evaluated
[49]. Following the broad recommendations of the GRADE
handbook [42], we will apply no downgrade if the pooled sample
size is over 2000. We will apply 1 downgrade if the pooled
sample size is less than 200. For pooled sample sizes between
200 and 2000, we will assess the optimal information size
criterion as follows [42]: by expecting a weak effect size of 0.2
[50], we will calculate the sample size for an RCT using the
pooled standard error and pooled sample size assuming a
balanced sample, power of 0.8, and significance level of .05. If
the calculated sample size is greater than the pooled sample
size, 1 downgrade will be applied [42,49].

Publication bias appears when a pooled estimate does not
comprise all the studies that could be included in the evidence
synthesis [51]. One way to detect publication bias is to visually
observe a funnel plot. Owing to the limitations of the funnel
plot [46,52], this method may not show publication bias
accurately [49,53] and may lead to false conclusions [52,54].
Therefore, we will assess publication bias using the trim and
fill method proposed by Duval and Tweedie [55]. Potentially
missing studies will be imputed, and the pooled effect size of
the complete data set will be recalculated. In case the imputation
of potentially missing studies change the conclusions of the
analysis (eg, a significant effect size will not be significant
anymore), we will apply 1 downgrade attributable to publication
bias [55].

When assessing indirectness, any differences between the
population, interventions, and comparators in each outcome of
the research questions of the reviews will be considered [52].
In this regard, the studies included in each meta-analysis
outcome will be evaluated. If the population, interventions, or

comparators are consistent with the main aims of the
meta-analysis, no downgrading will be considered. If the
population, interventions, or comparators of the studies do not
match the main objectives of the meta-analysis, depending on
the severity of this mismatch, a downgrade of 1 or 2 will be
considered based on the consensus of the 2 independent
researchers involved in data extraction.

The quality evaluation and assignment of downgrades in each
domain will be performed by 2 independent reviewers.
Discrepancies will be resolved by consensus, and if required,
decisions will be made by a third reviewer. The overall grading
of the quality of evidence for each outcome will be performed
by consensus. As a starting point for the consensus on overall
evaluation, we will use the recommendations by Pollock et al
[48]: (1) high quality indicates that further research is very
unlikely to change our confidence in the effect estimate (0
downgrades); (2) moderate quality means further research is
likely to have an important impact on our confidence in the
effect estimate and may change the estimate (1-2 downgrades);
(3) low quality implies further research is very likely to have
an important impact on our confidence in the effect estimate
and is likely to change the estimate (3-4 downgrades); (4) very
low quality means any effect estimate is very uncertain (5-6
downgrades) [27,48].

In addition to the quantitative description of outcomes, the
number of downgrades (0, 1, or 2) for each domain and the
overall quality assessment (high, moderate, low, or very low)
of the evidence with reasons for downgrades will be presented
in Figure 4 for each outcome by each digital biomarker.

If the required information from the eligible studies is lacking
at any stage of the research, or in case of ambiguity, we will
contact the corresponding authors of the reviews by email to
obtain the required information or to remove the ambiguity. If
we do not receive any response, the case will be considered as
“missing” or “not reported.”

Evidence Synthesis
Interrater agreement during screening will be evaluated via the
percentage of agreement and the Cohen κ statistic. Study
characteristics will be summarized using descriptive statistics.
Given the heterogeneity of the included populations and
interventions, we plan to provide a qualitative synthesis of the
results for each digital biomarker by the type of intervention
and outcome.

Results

This protocol was submitted before data collection. Search,
screening, and data extraction will commence in December
2021 in accordance with the published protocol. The study is
funded by the National Research, Development and Innovation
Fund of Hungary (reference number: NKFIH-869-10/2019).

Discussion

Our study will provide a comprehensive summary of the breadth
and quality of evidence available on the clinical outcomes of
interventions involving digital biomarkers.
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Strengths
Most of the systematic review studies conducted in the field of
digital biomarkers in recent years have been mainly performed
with a specific focus on one or more disease areas or
technologies such as the effects of wearable fitness trackers on
motivation and physical activity [56] or ICD troubleshooting
in patients with left ventricular assist devices [57]. To the best
of our knowledge, no comprehensive systematic review of
systematic reviews has been published on all types of digital
biomarkers in all populations and diseases. Therefore, our
review aims to assess the quality of methods and evidence of
systematic reviews, without being limited to a specific area or
technology, using validated tools and standard methodologies.
As a result, the strength of evidence can be compared between
different types of interventions, providing practical guidance
for clinicians and policy makers.

Limitations
One of the potential limitations of this study is the restricted
search time period (2019 and 2020). Owing to the breadth of
the scope, we chose a shorter timeframe for our review.
However, we hypothesized that considering the new European
Medical Device Regulations that were published in 2017 [16],
this is a highly relevant period for evaluating the available
clinical evidence generated prior to the implementation of the
regulations. Furthermore, we hypothesized that given the rapid
development of the field [3], systematic reviews are published
regularly to summarize key developments in the generation of
clinical evidence.

We operationalized the definition of digital biomarkers in our
search. However, the sensitivity and specificity of our search
filter to retrieve articles concerning digital biomarkers has not
been tested. In addition to the general keywords applied in our
search expressions, digital biomarkers may be identified by
specific terms referring to the technology or type of data
collected [3]. However, the creation of a comprehensive list of
relevant search terms for all existing technologies was beyond
the scope of this study and remains a research question to be
answered. Furthermore, we will apply the definition of digital
biomarkers in a clinical setting. Some sensor applications in the
general population may have public health implications (eg,
COVID-19 contact tracing apps [58]) , which will be omitted
from this review. The challenges of interpreting the digital
biomarker definition will be discussed.

Although relevant guidelines for systematic reviews of
systematic reviews recommend searching in the Database of
Abstracts of Reviews of Effectiveness (DARE) in addition to
PubMed and Cochrane [59], we will limit our search to PubMed
and Cochrane when retrieving reviews. It should be noted that
the DARE was not used in this study as it does not contain new
reviews from 2015.

Conclusions
In conclusion, our results will help identify clinical areas where
the use of digital biomarkers has led to favorable clinical
outcomes. Furthermore, our results will highlight areas with
evidence gaps where the clinical usage of digital biomarkers
has not yet been studied.
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Abstract

Background: Axial spondyloarthritis (axSpA) is a subgroup of inflammatory rheumatic diseases. Practicing regular exercise
is critical to manage pain and stiffness, reduce disease activity, and improve physical functioning, spinal mobility, and
cardiorespiratory function. Accordingly, monitoring physical activity and sedentary behavior in patients with axSpA is relevant
for clinical outcomes and disease management.

Objective: This review aims to determine which wearable devices, assessment methods, and associated metrics are commonly
used to quantify physical activity or sedentary behavior in patients with axSpA.

Methods: The PubMed, Physiotherapy Evidence Database (PEDro), and Cochrane electronic databases will be searched, with
no limit on publication date, to identify all the studies matching the inclusion criteria. Only original English-language articles
published in a peer-reviewed journal will be included. The search strategy will include a combination of keywords related to the
study population, wearable devices, physical activity, and sedentary behavior. We will use the Boolean operators “AND” and
“OR” to combine keywords as well as Medical Subject Headings terms.

Results: Search strategy was completed in June 2020 with 23 records obtained. Data extraction and synthesis are currently
ongoing. Dissemination of study results in peer-reviewed journals is expected at the end of 2021.

Conclusions: This review will provide a comprehensive and detailed synthesis of published studies that examine the use of
wearable devices for objective assessment of physical activity and sedentary behavior in patients with axSpA.

Trial Registration: PROSPERO CRD42020182398; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=182398

International Registered Report Identifier (IRRID): PRR1-10.2196/23359

(JMIR Res Protoc 2021;10(11):e23359)   doi:10.2196/23359
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Introduction

Axial spondyloarthritis (axSpA) is a subgroup of inflammatory
rheumatic diseases that predominantly affect the axial skeleton
and the sacroiliac joints [1-3]. Some clinical manifestations of
axSpA are inflammatory back pain and spinal stiffness [4-7].
It is now well established that practicing regular exercise results
in health benefits in patients with axSpA by managing correctly
inflammatory joint diseases [8-10], pain [11], and stiffness [11];
by decreasing disease activity [12]; and by improving physical
functioning [13,14], spinal mobility [14,15], and
cardiorespiratory function [16]. Interestingly, lack of exercise
has been identified as a risk factor for the appearance of
depressive symptoms [17], suggesting the benefits of practicing
physical activity to manage mental comorbidities of axSpA
[17].

Accordingly, monitoring physical activity and sedentary
behavior in patients with axSpA is relevant for clinical outcomes
and disease management. Traditionally, physical activity and
sedentary behavior are assessed using either subjective measures
(eg, self-reported questionnaires) [18-27] or objective measures
(eg, accelerometers) [23-26,28-31]. At this point, however,
recent studies have demonstrated that self-reported physical
activity is a less valid and less reliable method for measuring
physical activity in patients with axSpA than device-measured
physical activity [32,33]. These results support the use of
wearable devices for objective assessment of physical activity
or sedentary behavior in patients with axSpA [14,32,34-38] as
well as in patients with rheumatoid arthritis (eg, [34]). At this
point, however, to the best of our knowledge, no systematic
review has identified and synthesized the available evidence on
the use of wearable devices for this specific population. This
review is hence specifically designed to address this issue and,
more specifically, to answer the following question: which
wearable devices, assessment methods, and associated metrics
have been used to quantify physical activity or sedentary
behavior in patients with axSpA?

Methods

Design
This systematic review will be conducted under the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines provided by Moher et al [39].

The present review protocol has been registered in PROSPERO
(CRD42020182398). This research is exempt from ethics
approval because the data are available through published and
publicly available resources.

Inclusion Criteria
All published studies assessing physical activity or sedentary
behavior patterns of adults with a diagnosis of axSpA will be
included. Only original articles published in English in a
peer-reviewed scientific journal will be covered by this review.

The following inclusion criteria will be used:

• Type of participants: All articles including participants aged
over 18 years with a diagnosis of axSpA will be included.

• Type of intervention or exposure: Participants are not
required to undergo any type of intervention. This review
is designed to identify and synthesize current practices of
wearable-based monitoring of physical activity or sedentary
behavior in patients with axSpA. The effects of the
interventions will not be analyzed. Only baseline data on
physical activity and sedentary will be extracted.

• Type of outcome measurements: Studies will discuss the
use of wearable devices to measure physical activity or
sedentary behavior in patients with axSpA.

Exclusion Criteria
Case reports, abstracts, editorials, conference abstracts, letters
to the editor, reviews, and meta-analyses will be excluded from
this review. Furthermore, published studies without an objective
assessment of physical activity or sedentary behavior of patients
with axSpA extracted from wearable devices will be ineligible.

Data Sources and Search Strategy
The following electronic databases will be systematically
searched to identify studies satisfying the search criteria:
PubMed, Physiotherapy Evidence Database (PEDro), and
Cochrane, with no limit on publication date.

The search strategy includes a combination of the following
keywords, using the Boolean operators “AND” and “OR” and
Medical Subject Headings terms:

(“ankylosing spondylitis” OR spondyloarthritis) AND
(“wearable technology” OR “wearable sensor” OR “wearable
device” OR “ambulatory monitoring” OR “fitness tracker” OR
“activity tracker” OR “activity monitor” OR “step counter” OR
Actigraphy OR Pedometer OR “inertial sensor” OR “inertial
measurement unit” OR “pendant sensor” OR accelerometer OR
inclinometer OR gyroscope) AND (“physical activity” OR
“physical activities” OR “physical inactivity” or “physical
exertion” OR fitness OR exercise OR sports OR lifetime OR
training OR “leisure time” OR “aerobic activity” OR “aerobic
activities” OR “activity level” OR Sedentary OR Sedentariness
OR “sedentary behaviour” OR “sedentary behaviours” OR
“sedentary behavior” OR “sedentary behaviors” OR “sedentary
time” OR “sedentary lifestyle” OR “sedentary activity” OR
“sedentary activities” OR “prolonged sitting” OR “sitting time”
OR seated OR Standing OR walking OR running OR sleep OR
Step OR steps OR “covered distance” OR Vo2 or “Maximal
oxygen uptake” OR “energy expenditure” OR “moderate- to
vigorous-intensity physical activity” OR MVPA).

Study Selection
Two reviewers (A and B) will independently screen each search
match and decide on their potential inclusion based on data
extracted from titles, abstracts, and keywords. Subsequently,
the full-length text of the potentially included studies will be
reviewed in detail to determine whether they satisfy the inclusion
criteria mentioned above. Finally, based on inclusion and
exclusion criteria, each reviewer (A and B) will decide
independently on the eligibility of each search match. Any
discrepancies between the two reviewers (A and B) will be
resolved at a consensus meeting. If disagreement persists, a
third reviewer (C) will be consulted to reach a final decision.
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Risk of Bias in Individual Studies
As our aim is not to evaluate the effect of an intervention, we
will not perform a risk of bias assessment. We will conduct a
systematic review of published studies that used wearable
sensors for objective assessment of physical activity or sedentary
behavior in patients with axSpA.

Data Extraction
In line with PRISMA guidelines [39], a flow chart summarizes
each stage of the review with the corresponding number of
citations (Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart of the selection process. PEDro: Physiotherapy
Evidence Database.

Furthermore, the following 4 data sets will be extracted from
the retrieved articles by two independent reviewers:

1. Study characteristics: first author, title, year of publication,
journal’s name, country, study design, study duration,
mention of any adverse events that occurred during the
study, and funding.

2. Sample description: sample size, age, gender, weight,
height, body mass index, health status, disease duration,
functional status measurements, level of pain, description
of radiographic damage, biologic medications, Bath
Ankylosing Spondylitis Functional Index (BASFI), Bath
Ankylosing Spondylitis Activity Index (BASDAI), Bath
Ankylosing Spondylitis Metrology Index (BASMI), and
fall status.

3. Physical activity and/or sedentary behavior measurement
method: measurement tool, protocol, outcome measures.

4. Main results obtained from physical activity and/or
sedentary behavior assessment.

Results

The search using this strategy was completed in June 2020. We
obtained a total of 23 records and 22 records after 1 duplicate
was removed. A total of 12 full texts were included after
screening of the abstracts and titles. Of these, 2 were then
excluded after full-text screening, for a total of 10 studies
included in the final review (Figure 1). Data extraction and
synthesis are ongoing. Naturally, this first preliminary structured
search will be repeated before the completion of the final review

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e23359 | p.277https://www.researchprotocols.org/2021/11/e23359
(page number not for citation purposes)

Carlin et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


process. Dissemination of the study results in peer-reviewed
journals is expected at the end of 2021.

Discussion

This systematic review is designed to provide a first
comprehensive and detailed synthesis of published studies that
examine the use of wearable sensors for objective assessment
of physical activity or sedentary behavior in patients with
axSpA. The strengths of this study are its ability to directly
influence future research and clinical care and the fact that this
is the first time that a detailed synthesis of published studies in
which wearable sensors were used for objective assessment of
physical activity or sedentary behavior in patients with axSpA
will be conducted. We do believe that our results could help
clinicians to choose the most appropriate method to accurately
monitor physical activity or sedentary behavior in this
population. These results could have a major impact on

diagnosis and monitoring in patients with axSpA. Furthermore,
this work can guide future studies identifying preferable
positions, durations, and environments. This could ultimately
enable wearable device–based monitoring systems to find their
way into routine clinical assessment and monitoring of patients.
A major limitation of this review is the relatively small number
of included studies.

The main advantage of a wearable-based monitoring approach
is the passive and objective nature of the wearable data. The
passive nature creates less burden for patients compared to
timely manual completion of patient-reported outcomes. For
clinicians, the potential benefit of wearables is related to the
continuous, remote, and objective nature of the data. On the
other hand, patients may be uncomfortable with continuous
surveillance, and this could result in low acceptance of wearable
technology despite its benefits. Furthermore, device placement
errors could falsify data and lead patients and clinicians to make
wrong decisions.
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Abstract

Background: Patients undergoing lower limb revascularization surgery for peripheral artery disease (PAD) have a high risk of
perioperative morbidity and mortality and often have long hospital stays. Use of neuraxial or regional anesthesia instead of general
anesthesia may represent one approach to improving outcomes and reducing resource use among these patients.

Objective: The aim is to conduct a systematic review and meta-analysis to determine whether receipt of neuraxial or regional
anesthesia instead of general anesthesia in adults undergoing lower limb revascularization surgery for PAD results in improved
health outcomes and costs and a shorter length of hospitalization.

Methods: We will search electronic bibliographic databases (MEDLINE, EMBASE, the seven databases in Evidence-Based
Medicine Reviews, medRxiv, bioRxiv, and Google Scholar), review papers identified during the search, and included article
bibliographies. We will include randomized and nonrandomized studies comparing the use of neuraxial or regional anesthesia
instead of general anesthesia in adults undergoing lower limb revascularization surgery for PAD. Two investigators will
independently evaluate the risk of bias. The primary outcome will be short-term (in-hospital or 30-day) mortality. Secondary
outcomes will include longer-term mortality; major adverse cardiovascular, pulmonary, renal, and limb events; delirium; deep
vein thrombosis or pulmonary embolism; neuraxial or regional anesthesia–related complications; graft-related outcomes; length
of operation and hospital stay; costs; and patient-reported or functional outcomes. We will calculate summary odds ratios (ORs)
and standardized mean differences (SMDs) using random-effects models. Heterogeneity will be explored using stratified
meta-analyses and meta-regression. We will assess for publication bias using the Begg and Egger tests and use the trim-and-fill
method to estimate the potential influence of this bias on summary estimates. Finally, we will use Grading of Recommendations,
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Assessment, Development, and Evaluation (GRADE) methodology to make an overall rating of the quality of evidence in our
effect estimates.

Results: The protocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO). We
executed the peer-reviewed search strategy on March 2, 2021. We completed the review of titles and abstracts on July 30, 2021,
and plan to complete the review of full-text papers by September 30, 2021. We will complete full-text study data extraction and
the risk-of-bias assessment by November 15, 2021, and conduct qualitative and then quantitative data synthesis and GRADE
assessment of results by January 1, 2022, before drafting the manuscript. We anticipate that we will be able to submit the manuscript
for peer review by the end of February 2022.

Conclusions: This study will synthesize existing evidence regarding whether receipt of neuraxial or regional anesthesia instead
of general anesthesia in adults undergoing lower limb revascularization surgery for PAD results in improved health outcomes,
graft patency, and costs and a shorter length of hospital stay. Study results will be used to inform practice and future research,
including creation of a pilot and then multicenter randomized controlled trial.

Trial Registration: Prospero CRD42021237060; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=237060

International Registered Report Identifier (IRRID): PRR1-10.2196/32170

(JMIR Res Protoc 2021;10(11):e32170)   doi:10.2196/32170

KEYWORDS

epidural anesthesia; lower limb revascularization surgery; neuraxial anesthesia; peripheral artery disease; spinal anesthesia;
vascular surgery; anesthesia; surgery; limb; nerves; spine; outcome; protocol; review; artery; cardiovascular; hospital

Introduction

Background
Lower limb revascularization surgeries (ie, endarterectomy,
patch angioplasty, and arterial bypass) are commonly performed
across North America [1-4]. In the United States, at least 15,000
to 20,000 lower limb arterial bypass surgeries are performed
annually, while an average of 1650 lower limb revascularization
surgeries are performed per annum in Ontario (Canada’s most
populous province) [1,5,6]. Although endovascular therapy is
increasingly used for treatment of chronic limb-threatening
ischemia (CLTI), defined as peripheral artery disease (PAD)
manifested by rest pain or tissue loss, and some patients with
lifestyle-limiting vasculogenic intermittent claudication, it is
less durable than surgical revascularization and not suitable for
some patients’ anatomical pattern of disease [1,7]. There is also
equipoise among many clinicians as to whether endovascular
or surgical revascularization should be offered to patients with
PAD who are candidates for both [1,7].

Patients undergoing lower limb revascularization surgery for
PAD are typically older (average age of approximately 70
years), are current or past cigarette smokers, and have several
comorbidities that place them at high risk for perioperative
morbidity and mortality [2,3]. These include diabetes and
coronary artery disease, chronic obstructive pulmonary disease,
and chronic kidney disease [2,3]. Compared to adults with
coronary artery or cerebrovascular disease, those with PAD
have a higher risk of cardiovascular events, hospitalization, and
hospitalization for coronary, carotid, or lower limb
revascularization [8]. Those patients undergoing lower limb
revascularization surgery for PAD also often require long
postoperative (and sometimes preoperative) hospital stays and
consume substantial health care system resources [9,10].
Hospitalization costs for those with PAD exceed those for
patients with coronary artery or cerebrovascular disease, with

lower limb revascularization procedures accounting for a
substantial amount of these costs [8].

Use of neuraxial (spinal or epidural) or regional (peripheral
nerve block) anesthesia instead of general anesthesia may
represent one approach to improving postoperative health
outcomes and reducing resource use among patients undergoing
lower limb revascularization surgery for PAD [1,2,11,12]. Both
neuraxial and regional anesthesia improve peripheral circulation
and avoid mechanical ventilation, while neuraxial anesthesia
improves coagulation and blunts surgical stress responses
[1,13-17]. A 2013 Cochrane systematic review of four small
randomized controlled trials (RCTs) reported that patients who
received neuraxial instead of general anesthesia for lower limb
revascularization surgery had a lower pooled risk of pneumonia
[18]. An increasing number of large nonrandomized comparative
studies have also recently reported that use of neuraxial or
regional anesthesia (instead of general anesthesia) is associated
with variable reductions in adjusted perioperative
cardiopulmonary and renal complications, lengths of hospital
stay, in-hospital or short-term mortality, and health care system
costs [1,3,11,12,19]. However, reported findings of these studies
are inconsistent and some remain limited by a risk of residual
confounding by indication [1]. This type of confounding occurs
because anesthetic techniques may be chosen based on patient,
provider, and hospital characteristics, and these characteristics
predict subsequent health and health care system outcomes
[1,20].

Objectives
We propose to conduct a systematic review and meta-analysis
of randomized and nonrandomized comparative studies to
determine whether receipt of neuraxial or regional anesthesia
instead of general anesthesia in adults undergoing lower limb
revascularization surgery for PAD results in improved health
outcomes, graft patency, and costs and a shorter length of
hospital stay. We will also determine whether results of these
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studies vary by differences in study design, included patient
populations, or risk of bias.

Methods

Protocol and Role of the Sponsor
This systematic review protocol was developed and reported
according to the Preferred Reporting Items in Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement [21]
and the Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) proposal [22]. It is reported according to the PRIMSA
protocols (PRISMA-P) statement (see Multimedia Appendix 1
for the completed PRISMA-P checklist) [23,24]. The protocol
is registered in the International Prospective Register of
Systematic Reviews (PROSPERO; registration no.
CRD42021237060). The University of Ottawa had no role in
the development of the protocol.

Focused Clinical Question
We formulated the focused clinical question for the study
according to the patient, intervention (or exposure, for
nonrandomized studies), comparison, outcome, and design
(PI[E]COD) method of designing clinical questions for
systematic reviews. Our focused clinical question was:

• P: for adults (≥18 years of age) undergoing lower limb
revascularization surgery for PAD

• I(E): does receipt of neuraxial (spinal or epidural) or
regional (peripheral nerve block) anesthesia (as the primary
anesthetic technique)

• C: compared with general anesthesia (as the primary
anesthetic technique), including general anesthesia
combined with other anesthesia techniques

• O: Result in improved outcomes, including (1) primary
outcome (short-term [in-hospital or 30-day] mortality) and
(2) secondary outcomes (longer-term mortality; major
adverse cardiovascular, pulmonary, renal, and limb events;
delirium; deep vein thrombosis or pulmonary embolism;

neuraxial or regional anesthesia–related complications;
graft-related outcomes; length of operation and hospital
stay; costs; and patient-reported or functional outcomes
[see below for definitions of these outcomes])

• D: in randomized and nonrandomized comparative studies?

Information Sources
We will search MEDLINE; MEDLINE Epub Ahead of Print,
In-Process & Other Non-Indexed Citations; EMBASE; the seven
databases contained within Evidence-Based Medicine Reviews
(American College of Physicians [ACP] Journal Club®; the
Cochrane Central Register of Controlled Trials, the Database
of Systematic Reviews, and the Methodology Register Database;
the Database of Abstracts of Reviews of Effects; the Health
Technology Assessment Database; and the National Health
Service Economic Evaluation Database); and medRxiv, bioRxiv,
and Google Scholar from their first available date until study
initiation without language, publication date, or other
restrictions. To identify additional citations, we will also use
the PubMed “related articles” feature and search bibliographies
of included studies and relevant review papers identified during
the search.

Search Strategy
A vascular surgeon and epidemiologist with graduate training
in information science and evidence synthesis methods (author
DJR) created the initial MEDLINE search strategy. Using a
combination of Medical Subject Heading (MeSH) terms and
keywords, search filters were constructed covering the themes
anesthetic type and lower limb revascularization surgery. With
assistance from a medical librarian, this strategy was then piloted
and refined by adding additional MeSH terms when new and
relevant citations were located in iterative pilot searches. We
then adapted the search for EMBASE by searching for Emtree
terms covering subjects similar to the MeSH terms (see Tables
1 and 2 for our final electronic bibliographic database search
strategies).

Table 1. Ovid MEDLINE database search strategies.

Search term text wordsMeSHa search termsSearch theme

((iliofemoral OR femoral OR femoral artery*) adj3
(endarterectom* OR patch* OR repair*)) OR
((femoral-distal OR femoral distal OR femoral-
popliteal OR femoral popliteal OR femoral-tibial
OR femoral tibial OR infrageniculate OR supra-
geniculate OR infrainguinal OR lower extremity
OR lower limb OR peripheral vascular) adj3 (arte-
rial surg* OR arterial bypass* OR bypass* OR by-
pass graft* OR bypass surg* OR graft* OR inter-
vention* OR revascularization* OR revasculariza-
tion procedure* OR vascular bypass* OR vascular
bypass surg* OR vascular graft* OR vein graft*
OR prosthetic graft*))

arterial occlusive disease/surgery OR blood vessel
prosthesis OR blood vessel prosthesis implantation
OR endarterectomy OR ischemia/surgery OR lower
extremity/surgery OR

peripheral arterial disease/surgery OR peripheral vas-
cular diseases/surgery OR vascular surgical procedures

Lower limb revascularization surgery

((general OR regional OR neuraxial OR epidural
OR spinal) adj3 (anesthe*)) OR epidural* OR nerve
block* OR peripheral nerve block* OR spinal*

Anesthesia OR anesthesia, endotracheal OR anesthesia,
epidural* OR anesthesia, spinal* OR anesthesia, local*
OR anesthesia, general* OR nerve block

Anesthetic type

aMeSH: Medical Subject Heading.
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Table 2. Ovid EMBASE database search strategies.

Search term text wordsEmtree search termsSearch theme

((iliofemoral OR femoral OR femoral artery*) adj3
(endarterectom* OR patch* OR repair*)) OR
((femoral-distal OR femoral distal OR femoral-
popliteal OR femoral popliteal OR femoral-tibial
OR femoral tibial OR infrageniculate OR supra-
geniculate OR infrainguinal OR lower extremity
OR lower limb OR peripheral vascular) adj3 (arte-
rial surg* OR arterial bypass* OR bypass* OR by-
pass graft* OR bypass surg* OR graft* OR inter-
vention* OR revascularization* OR revasculariza-
tion procedure* OR vascular bypass* OR vascular
bypass surg* OR vascular graft* OR vein graft*
OR prosthetic graft*))

artery bypass OR blood vessel graft OR bypass surgery
OR critical limb ischemia/surgery OR endarterectomy
OR limb ischemia/surgery OR peripheral artery occlu-
sive disease/surgery OR prosthetic vascular graft OR
vascular surgery OR vein bypass

Lower limb revascularization surgery

((general OR regional OR neuraxial OR epidural
OR spinal) adj3 (anesthe*)) OR epidural* OR nerve
block* OR peripheral nerve block* OR spinal*

Anesthesia OR general anesthesia OR epidural anes-
thesia OR nerve block OR regional anesthesia OR
spinal anesthesia

Anesthetic type

Data Management and Selection Process
The titles and abstracts of citations identified during the search
will be exported into EndNote X9 reference management
software (Clarivate, Thomson Reuters Corporation, Fairfax,
VA, USA). This software will then be used to remove identical
duplicates from the citation list. Two investigators will
subsequently independently review the titles and abstracts of
all identified citations and select any paper deemed potentially
relevant by either investigator for full-text review using
Covidence (Covidence, Melbourne, Australia). Finally, these
two investigators will review the full text of all potentially
relevant citations and select studies for inclusion in the
systematic review. Disagreements regarding study inclusion
will be resolved via consensus or arbitration by a third
investigator (DJR).

Eligibility Criteria

Population
We will include studies where participants were adults (≥18
years of age) undergoing lower limb revascularization surgery
for PAD. Lower limb revascularization surgery will be
considered to include iliofemoral or femoral endarterectomy or
patch angioplasty and iliofemoral or infrainguinal bypass (eg,
femoral-popliteal or femoral-tibial bypass) [1]. We will exclude
studies that (1) included patients who underwent lower limb
revascularization surgery that utilized a suprainguinal source
of inflow aside from the external iliac arteries (eg, aortofemoral
or axillofemoral bypass) because these procedures require
general anesthesia [25] or (2) included >20% of patients reported
to undergo surgery for indications other than PAD (eg,
aneurysms or trauma).

Intervention/Exposure and Comparison
The intervention (for randomized studies) or exposure (for
nonrandomized comparative studies) of interest will include
neuraxial or regional anesthesia as the primary anesthesia
technique. Neuraxial anesthesia will be defined as spinal,
epidural, or combined spinal-epidural anesthesia without general
anesthesia, while regional anesthesia will be defined as use of
a peripheral nerve block without general anesthesia. The

comparison of interest will be general anesthesia (including
general anesthesia in combination with neuraxial or regional
anesthesia).

Outcomes
The primary outcome will be short-term (in-hospital or 30-day)
mortality. Secondary outcomes will include (1) longer-term
mortality (mortality beyond 30 days); (2) major adverse
cardiovascular events (cardiovascular death, stroke, or
myocardial infarction) [26]; (3) delirium; (4) postoperative
pulmonary complications (pneumonia, unplanned or prolonged
mechanical ventilation, or acute respiratory distress syndrome);
(5) deep vein thrombosis or pulmonary embolism; (6) acute
kidney injury or initiation of new dialysis; (7) major adverse
limb events (acute limb ischemia or amputation) [27]; (8) arterial
bypass graft-related outcomes (primary, primary assisted, and
secondary patency) [28]; (9) neuraxial or regional
anesthesia–related adverse events (epidural hematoma, spinal
cord injury, intracranial hemorrhage, or peripheral nerve injury);
(10) costs; (11) length of operation and hospital stay; and (12)
patient-reported or functional outcomes. Primary,
primary-assisted, and secondary arterial bypass graft patency
will be defined according to the reporting standards of the
Society for Vascular Surgery [28]. According to these standards,
primary patency refers to patency obtained without a need for
additional or secondary surgical or endovascular procedures (or
the interval of time from the original intervention until any
intervention performed to maintain or re-establish patency) [28].
Primary-assisted patency represents patency achieved with the
use of additional or secondary surgical or endovascular
procedures, as long as occlusion of the primary treated site has
not occurred [28]. Finally, secondary patency is patency
obtained with the use of an additional or secondary surgical or
endovascular procedure after occlusion occurs [28].

Design
The included studies must be randomized or nonrandomized
(ie, cohort, case–control, or comparative effectiveness)
comparative (ie, with a comparator group) studies of the above
interventions [29,30]. We will include abstracts of studies not
published in full, if they reported sufficient detail to determine
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eligibility. We will exclude nonrandomized studies that did not
control for confounding in their effect estimates using matching,
regression, propensity scores, instrumental variables, or another
method [31]. For the primary analysis, we will limit inclusion
of nonrandomized comparative studies to those controlling for
a minimum set of confounders, including age, sex, type of lower
limb revascularization surgery, surgical urgency, cardiovascular
and pulmonary comorbidities, diabetes, and cognitive
status/dementia [2,19], as has been recommended by guidance
documents on meta-analyses of nonrandomized studies [31].

Setting and Language
There will be no restrictions regarding the setting or language
of the study.

Data Items and Collection Process
The same two investigators will independently extract data
using an electronic data extraction spreadsheet and tables piloted
on a representative sample of three randomized and three
nonrandomized studies. We will extract the following data from
included studies (where applicable or reported): (1) year of
publication, design, data source, and study country or setting;
(2) patient recruitment period; (3) inclusion and exclusion
criteria; (4) patient and procedural characteristics, including the
types of lower limb revascularization surgeries performed and
the urgency of and indication(s) for these procedures; (5)
characteristics of the anesthetics provided to the intervention
and comparison groups (ie, percentage of spinal and epidural
anesthesia, types of medications administered into the spinal or
epidural space, and types of peripheral nerve blocks and
medications used for these blocks); (6) follow-up duration; and
(7) study outcomes and their definitions (as reported by study
authors). For reported study outcomes, we will extract event
rates or odds ratios (ORs), with 95% confidence intervals (CIs);
group means (with SDs), for continuous differences; and other
relative or absolute effect measures describing one or more
outcomes of interest between the groups (or we will calculate
them from the data provided). For nonrandomized comparative
studies, we will extract the most thoroughly adjusted effect
estimates (and which confounding factors were adjusted for)
when variably adjusted outcomes were reported [32]. Where
necessary, authors of studies will be contacted for additional
clarifying or outcome information. In randomized studies, we
will extract outcomes analyzed according to an intent-to-treat
principle.

Risk-of-Bias Assessment
Two investigators will independently judge the risk of bias
among the included RCTs using the Cochrane Collaboration
tool [29,33]. This tool includes questions regarding random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other biases
[29]. Using this tool, we will judge each RCT to be at low,
unclear, or high risk of bias in each of the above domains.

The same two investigators will also judge the risk of bias
among the included nonrandomized studies using the Risk of
Bias in Non-randomised Studies – of Interventions (ROBINS-I)
tool [30]. This tool includes questions regarding bias due to

confounding, in selection of participants into the study, in
classification of interventions, due to deviations from intended
interventions or missing data, in measurement of outcomes, and
in selection of the reported result [30]. We will answer each
question using the response options yes, probably yes, probably
no, no, and no information [30]. We will then use these
judgments within each domain to make an overall domain-level
judgment about the risk of bias, as is recommended by the
ROBINS-I authors [30].

Discrepancies between investigators in study-level risk-of-bias
assessments will be resolved by discussion and consensus
between the investigators or arbitration by a third investigator
(DJR).

Data Synthesis

Qualitative Data Synthesis
Characteristics of the included studies (including year of
publication, country of origin, patient recruitment periods,
inclusion and exclusion criteria, interventions and comparisons,
and follow-up durations) and their included patient populations
(mean/median ages and types of lower limb revascularization
surgeries performed) will be tabulated by study design
(randomized or nonrandomized comparative) and types of
comparisons (ie, neuraxial or regional anesthesia compared with
general anesthesia). This will allow us to compare recruitment
periods and determine whether potentially overlapping data
may have been reported before performing randomized and
nonrandomized comparative study meta-analyses. We will also
tabulate results of risk-of-bias assessments by study design
(randomized or nonrandomized).

Quantitative Data Synthesis and Statistical Analyses
We will use the OR (for dichotomous outcomes) and the
standardized mean difference (SMD) (for continuous outcomes)
as the summary measures of association when combining results
of randomized and nonrandomized studies, respectively. When
risk ratios (RRs) or hazard ratios (HRs) were reported instead
of ORs by study authors, we will pool these measures of
association separately by estimate type, as has been suggested
[31].

Results of randomized and nonrandomized studies will be
pooled separately by comparison type (ie, by whether neuraxial
or regional anesthesia was compared to general anesthesia) in
primary analyses using the method of restricted maximum
likelihood (REML) [34]. This method will be chosen to estimate
between-study variance in meta-analyses, as has been
recommended over other methods based on results of simulation
studies [34]. If overlapping or duplicate data were used in
nonrandomized studies, we will include the study with the
largest sample size that reported an adjusted measure of
association in meta-analyses. To assess for interstudy
heterogeneity in our pooled estimates, we will inspect forest

plots, calculate Cochran Q homogeneity and I2 inconsistency
statistics, and conduct tests of homogeneity (P value<.10
considered significant, given the low power of these tests)

[35-37]. As suggested by Higgins et al, we will consider I2
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statistics of >25%, >50%, and >75% to represent low, moderate,
and high degrees of heterogeneity, respectively [36].

In the presence of low or greater interstudy heterogeneity, we
will conduct prespecified subgroup analyses using
random-effects models and meta-regression, with the summary
OR for in-hospital mortality as the dependent variable. We will
use the following predictor variables in an attempt to explain
heterogeneity in these stratified analyses or meta-regressions:
(1) study design (randomized vs nonrandomized comparative),
(2) publication status (abstract vs full-text publication), (3)
whether there was a low versus higher risk of bias related to
random sequence generation or allocation concealment in
randomized studies, (4) whether nonrandomized studies reported
an OR or other measure of association that was adjusted using
the minimum confounder set (to determine whether
better-adjusted estimates more closely agree with those obtained
from randomized studies) [31], and (5) the proportion of patients
included in the study who had a combined general and neuraxial
or regional anesthetic in combination with a general anesthetic
or who underwent an emergent operation, underwent a
groin-only lower limb revascularization surgery, or were
diagnosed with coronary artery disease, diabetes, chronic kidney
disease, or critical limb ischemia.

We will evaluate for the presence of small study effects
potentially due to publication bias for each outcome by visually
inspecting produced funnel plots and using Begg and Egger
tests (P value<.05 considered significant) [38]. When evidence
of small study effects exists, we will use the Duval and Tweedie
“trim and fill” method to estimate the potential influence of this
type of bias on our pooled estimates [39-41]. In this method,
small outlying studies are first “trimmed” (removed until the
funnel plot is symmetrical) and then the remaining symmetrical
studies are used to re-estimate the “true” center of the plot
[39-41]. The plot is then “filled” (the missing, outlying study
results and their theoretical balancing counterparts are replaced
around the new center), and a small study effect–adjusted center
is recalculated.

Statistical analyses will be performed using Stata MP version
13.1 (Stata Corporation, College Station, TX, USA) by a trained
meta-analyst [39-41].

Confidence in Cumulative Evidence
We will use the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) methodology to make
an overall rating of the quality of evidence in our effect estimates
for the primary and secondary outcomes (ie, confidence that
our effect estimates are correct) [42,43]. To do this, we will first
assess the risk of bias, consistency, directness, precision, and
risk of publication bias associated with the evidence for the
primary and each secondary outcome [44-48]. The overall
confidence in these effect estimates will then be adjudicated as
high (“further research is very unlikely to change our confidence
in the estimate of effects”), moderate (“further research is likely
to have an important impact on our confidence in the estimate
of effects and may change the estimate”), low (“further research
is very likely to have an important impact on our confidence in
the estimate of effects and is likely to change the estimate”), or
very low (“uncertain about the estimate of effects”) [24].

Data Sharing
We will provide the raw data included in meta-analyses at the
point of publication.

Results

We executed the peer-reviewed search strategy on March 2,
2021. We completed the review of titles and abstracts on July
30, 2021, and plan to complete the review of full-text papers
by September 30, 2021. We will complete full-text study data
extraction and the risk-of-bias assessment by November 15,
2021. Subsequently, we will conduct qualitative and then
quantitative data synthesis and the GRADE assessment of the
results by January 1, 2022, before drafting the manuscript. We
anticipate that we will be able to submit the manuscript for peer
review by the end of February 2022.

Discussion

Summary
Patients undergoing lower limb revascularization surgery for
PAD are at high risk of serious postoperative adverse events
and consume substantial health care resources. We hypothesize
that avoidance of general anesthesia may represent an
efficacious approach to improving their health outcomes and
reducing resource use [1,2,11,12]. Use of neuraxial or regional
anesthesia instead of general anesthesia could improve outcomes
after lower limb revascularization surgery in several biologically
plausible ways. Clinical and translational research suggest that
neuraxial and regional anesthesia improve peripheral circulation
and avoid mechanical ventilation, while neuraxial anesthesia
improves coagulation and blunts surgical stress responses
[1,13-17]. Avoidance of general anesthesia may also help to
reduce pulmonary complications by avoiding airway
manipulation and invasive or positive-pressure ventilation [18].

By evaluating a variety of relevant primary and secondary
outcomes, our systematic review will help to identify which
outcomes (if any) are likely to be improved after receipt of
neuraxial or regional anesthesia instead of general anesthesia
in patients undergoing lower limb revascularization surgery.
After synthesizing the available evidence, we will use the
GRADE methodology to assess the risk of bias, consistency,
directness, precision, and publication bias associated with the
evidence for each outcome. We will then use these assessments
to rate the overall confidence in the cumulative evidence for
each of these outcomes to inform current lower limb
revascularization surgery practice. We will also identify
important knowledge gaps not addressed by the current literature
on this topic. These may include a lack of patient-reported,
functional, and longer-term outcomes after use of different types
of anesthesia in patients undergoing lower limb revascularization
surgery.

To the best of our knowledge, no multicenter RCTs comparing
neuraxial or regional anesthesia and general anesthesia in adults
undergoing lower limb revascularization surgery have been
reported. If none are identified and future RCTs comparing
neuraxial or regional anesthesia and general anesthesia are
required, the findings of our systematic review will inform their

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e32170 | p.286https://www.researchprotocols.org/2021/11/e32170
(page number not for citation purposes)

Roberts et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


design. For example, patients undergoing these surgeries often
have multiple and sometimes life-threatening comorbidities and
take a number of different medications, including antiplatelets
and anticoagulants, some of which contraindicate the use of
neuraxial anesthesia [1]. Our systematic review will identify
common and relevant inclusion and exclusion criteria from
existing RCTs, while helping to determine which lower limb
revascularization surgeries may be appropriate to serve as
inclusion criteria for an RCT. As different lower limb
revascularization surgeries have different anticipated operative
durations (eg, femoral endarterectomy vs femoral-tibial bypass),
different approaches to using neuraxial anesthesia may be
required for different surgeries (eg, a spinal anesthetic may be

used for shorter duration surgeries while a combined
spinal-epidural anesthetic may be needed for longer surgeries).

Conclusion
In summary, we propose to synthesize existing evidence
regarding whether receipt of neuraxial or regional anesthesia
instead of general anesthesia in adults undergoing lower limb
revascularization surgery results in improved health outcomes,
graft patency, and costs and a shorter length of hospital stay.
Study results will be used to inform practice and future research,
including creation of a pilot and then multicenter RCTs
comparing neuraxial and general anesthesia in this patient
population.
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RCT: randomized controlled trial
REML: restricted maximum likelihood
ROBINS-I: Risk of Bias in Non-randomised Studies – of Interventions
RR: risk ratio
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Abstract

Background: Since the end of 2019, COVID-19 has had a significant impact on people around the globe. As governments
institute more restrictive measures, public adherence could decrease and discontent may grow. Providing high-quality information
and countering fake news are important. However, we also need feedback loops so that government officials can refine preventive
measures and communication strategies. Policy makers need information—preferably based on real-time data—on people’s
cognitive, emotional, and behavioral reactions to public health messages and restrictive measures. PubliCo aims to foster effective
and tailored risk and crisis communication as well as provide an assessment of the risks and benefits of prevention and control
measures, since their effectiveness depends on public trust and cooperation.

Objective: Our project aims to develop a tool that helps tackle the COVID-19 infodemic, with a focus on enabling a nuanced
and in-depth understanding of public perception. The project adopts a transdisciplinary multistakeholder approach, including
participatory citizen science.

Methods: We aim to combine a literature and media review and analysis as well as empirical research using mixed methods,
including an online survey and diary-based research, both of which are ongoing and continuously updated. Building on real-time
data and continuous data collection, our research results will be highly adaptable to the evolving situation.

Results: As of September 2021, two-thirds of the proposed tool is operational. The current development cycles are focusing on
analytics, user experience, and interface refinement. We have collected a total of 473 responses through PubliCo Survey and 22
diaries through PubliCo Diaries.

Conclusions: Pilot data show that PubliCo is a promising and efficient concept for bidirectional risk and crisis communication
in the context of public health crises. Further data are needed to assess its function at a larger scale or in the context of an issue
other than COVID-19.
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Introduction

Background
Since the end of 2019, COVID-19 has significantly impacted
the lives of people around the globe. In addition to infection,
disease, and death, the global public has been exposed to
increasingly restrictive policy measures. Within weeks or even
days, measures evolved from recommendations, such as frequent
handwashing, to more disruptive interventions, including social
distancing, cancelations of social events, closure of schools,
and closed borders. Public life and ways of socializing that were
once taken for granted have come to an abrupt halt.

Exceptional circumstances, like this pandemic, generally have
significant short-, mid-, and long-term consequences in social,
economic, and perhaps cultural and political terms. Some issues
have already emerged, including social isolation of vulnerable
groups, panic buying and stolen supplies, or instances of
reprimanding people for their “irresponsible” behavior. While
the gradual easing of containment measures alleviated frustration
in parts of the population following the first wave, the
reinstallment of restrictive measures may lead to mounting
discontent and decreasing public adherence to containment
measures.

Measures in Switzerland have been less restrictive than in many
other countries. However, more drastic dispositions could be
implemented and are legally covered by the Swiss Epidemics
Law should the situation require them, including a general
curfew, mandatory testing, or the use of mobile phone data for
surveillance purposes. During the first wave (March to June
2020), the Swiss population generally supported the measures
that were implemented. As subsequent waves unfold, however,
debate on public health measures like contact tracing, limits on
visiting nursing home residents, working from home, etc, has
intensified.

“Anticorona” demonstrations in several cities, gatherings of
hundreds of people celebrating the end of the lockdown, and
organized “illegal” soccer games were among the first signs of
resistance to public health measures in Switzerland [1]. In order
to effectively manage the current pandemic crisis, we must
better understand how the Swiss public perceives the public
health measures implemented and concerns they have about the
pandemic and the government’s response to it.

Information Gaps
While governments are trying to steer through this crisis as
cautiously as possible, the public is struggling to understand
the situation. Communication is therefore key. Existing literature
suggests that effective health communication can help enhance
positive outcomes of public policy [2,3]. Importantly, exposure
to focused health campaigns in the context of epidemics has
proven to be an efficient tool not only to increase
epidemic-related knowledge, but also to foster the adoption of
recommended health behaviors [4,5].

While international organizations, national governments, public
health authorities, scientific institutions, and high-quality media
are trying to inform the public as responsibly as possible, many
other information sources of questionable credibility exist across

media platforms throughout Europe. Formal and informal
opinion groups share content from these sources and influence
public opinions in problematic ways, for example, by blaming
specific social and ethnic groups for the pandemic or by
encouraging defiance of public health recommendations. Some
media draw on dystopic imagery and morally loaded language,
using metaphors of war and reproaching those who voice doubts
and criticism, which leads to polarization and affectively charged
debates producing strong counterreactions rather than factual
and nuanced public deliberation [6]. This situation has led the
World Health Organization (WHO) to warn of an “infodemic,”
wherein too much information of mixed quality make it difficult
for people to find reliable information [7]. The WHO and other
public health agencies are working on refuting myths regarding,
for example, false preventive measures and false cures, through
fact checks of social media and writing of responses [8].

However, providing high-quality information and countering
fake news are not enough. Policy makers also need feedback
loops to give them real-time data on people’s cognitive,
emotional, and behavioral reactions to public health measures,
allowing them to continuously refine and adjust preventive,
control, and containment measures and communication
strategies.

A better understanding of the population’s reaction to mitigation
measures would allow for a better estimation of their potential
effectiveness, influencing both communication strategies and
policy choices [9,10]. It would also help to understand to what
extent policy decisions match with citizens’ moral values and
preferences regarding, for example, the allocation of scarce
medical resources, contact tracing, or obligatory mask wearing
[11]. Finally, understanding how different segments of the
population perceive both the pandemic and public health
measures is vital, as both disproportionately affected social
groups that were already vulnerable before the pandemic, such
as migrants and low-income workers [12]. How do, for example,
frontline health care workers, older people, those who are
chronically ill, or those who are economically vulnerable cope
with the pandemic and mitigation measures? Given the
limitations of “one-size-fits-all” approaches to mitigation
measures, local and subgroup data are critically needed to
develop more efficient strategies [13].

So far, there has been mainly “one-way communication.” We
know little about different subgroups’ understanding of the
situation and readiness to comply with policies, and how this
is affected by their preferred sources of information.
Cross-sectional opinion polls [14-16] encounter important limits
in rapidly evolving situations—they are resource-intensive and
limited in scope, their items are typically designed in a top-down
way, and they struggle with high nonresponse rates and provide
snapshots rather than continuous monitoring [11]. Consequently,
policy makers might rely on a suboptimal picture of reality in
order to make their choices, and some citizens may feel that
large demonstrations are the only way to make themselves heard.
Even if the majority of the public supports public policies and
cooperates with them, this consensus may become fragile in the
future if authorities disregard misunderstandings, concerns, or
unrest in certain segments of the population. Better monitoring
of public perceptions would enable better communication and
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more effective containment measures that reduce collateral
damage to society.

However, such monitoring must be done in a way that citizens
do not perceive as unwanted surveillance but rather as an
initiative that invites their active input and values their views
and opinions.

Aims
PubliCo seeks to address these gaps. It is an experimental online
platform built with a strong participatory citizen science
component that will serve three purposes:

1. Collect real-time data on COVID-19–related public
perception;

2. Provide tailored, timely, and reliable information to the
public;

3. Facilitate well-targeted health policy making based on the
theory that successful communication, public understanding,
and consent reinforce the effectiveness of public health
measures [2,3,5].

Methods

Concept
The project combines analytical work and empirical studies
using mixed methods and strong citizen science components in
order to deliver a functional platform composed of three main
elements: PubliCo Survey, PubliCo Diaries, and PubliCo
Analytics (Figure 1).

Figure 1. The PubliCo conceptual structure. After completing a short survey (PubliCo Survey), citizens can receive information tailored to their needs.
Users can also register as citizen scientists and contribute diaries (PubliCo Diaries). Policy makers can study the information provided by citizens in
order to conceive, deploy, and evaluate more efficient mitigation and containment measures (PubliCo Analytics).

PubliCo Survey will be the main source of quantitative
information. Based on demographic characteristics and scores
on selected subscales, citizens will obtain information specific

to their needs. For example, people living in border regions will
receive information about neighboring countries, and people
with children will receive information about safety measures
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in schools. The survey will be ongoing, providing real-time data
on public perception and readiness to cooperate with public
health strategies.

PubliCo Diaries will be the main source of qualitative
information. Qualitative solicited diaries can provide “unique
insights into the life-worlds inhabited by individuals; their
experiences, actions, behaviors, and emotions and how these
are played out across time and space” [17]. The diary approach
empowers citizens to integrate their personal experiences and
perceptions [18] while remaining in control not only of the
content described but also of the pace and time of data collection
[17]. In this way, this participatory method allows for the
involvement of citizens in the research process and the
visualization of everyday negotiation processes in real time due
to the immediacy of documentation [17,19].

Users will register as citizen scientists and keep a weekly diary
to record their reflections on how COVID-19 and related policy
measures affect their daily routine, social practices, values, and
priorities. Citizen scientists may also keep their diaries offline
or record audio files and have the text entered by project staff
afterward so that segments of the population that do not have
time to keep a written diary or are less tech-savvy can
participate. In this way, PubliCo Diaries attempts to reach
diverse groups of citizens currently encountering different
personal situations and possibilities (eg, pregnant women, older
people, people on short-time work, youth, or people with a
migration background). These texts will provide information
about meaning, as well as new insights on emerging, unforeseen
impacts of the pandemic that diary authors discuss in their
entries. Finally, qualitative analysis of the diary data will inform
the revision or generation of new survey items.

PubliCo Analytics will be the “access door” to the data collected
through the survey and the diaries. It will provide information
to be used for analyses directed to policy makers regarding
information levels, behavioral dispositions, emotional states,
and moral preferences related to pandemic response measures.
It also allows for analysis of correlations (eg, vaccine
prioritization preference vs demographic subgroups; support of
preventive measures vs COVID-19 experience). Finally, PubliCo
Analytics will contain thematically focused policy briefs, in
which we contextualize the data, interpret core findings, and
make recommendations.

Ethics Approval
As assessed by the Cantonal Ethics Committee of Canton
Zurich, PubliCo does not fall under the scope of the Swiss
Human Research Act (BASEC #2020-02917; December 15,
2020). Our risk assessment and data protection plan were also
reviewed and approved by Ethics Review (CEBES), the
institutional review board of the Institute of Biomedical Ethics
and History of Medicine at the University of Zurich (CEBES
#2020-13, December 15, 2020).

Development
Developing the PubliCo platform involved work on three
components:

• Development of PubliCo Survey and user feedback;

• Realization and testing of the platform;
• Definition of the analytic capabilities of PubliCo Analytics.

PubliCo Survey and User Feedback
In order to define the content of the survey and user feedback,
we adopted a 3-fold strategy: identify the type of information
people look for by analyzing Google Trends data, map the
information available on media platforms through natural
language processing (NLP) of news from major media outlets,
and determine the focus of COVID-19–related behavioral and
social science research (BSSR) assessing the content of the data
collection instruments for COVID-19 compiled by the National
Institutes of Health (NIH) Office of Behavioural and Social
Sciences.

The analysis of Google Trends data on searches related to
COVID-19 performed in Switzerland between January and July
2020 displayed great diversity in information consumption
patterns; this varied greatly depending on the canton of
residency. Swiss residents may therefore welcome a system like
PubliCo, which delivers personalized information [20].

We identified the following categories of queries regarding the
pandemic and its effects: georeferenced information, information
from official sources (eg, WHO, federal authorities), quantitative
information, news and updates, medical information, and tips.

In order to understand how the media discuss and frame
COVID-19 in Switzerland, we used Factiva, a news-monitoring
and search engine tool developed and owned by Dow Jones &
Company that has access to full-text articles published by major
media outlets worldwide. We gathered and downloaded all the
news articles published between January and July 2020 on
COVID-19 and Switzerland.

NLP and analysis of the frequencies of lemmas [21] revealed
some differences across languages. The analysis of German
lemmas indicates that public discourse was focused on the
quantitative aspects of the pandemic. The French subcorpus
focused on describing the pandemic and its effects on people.
The Italian subcorpus focused more on cases and fatalities. The
English subcorpus seemed to be dominated by information
reported from other sources, which is expected since English
is not an official language of the Confederation. It also contained
many lemmas like “company,” “group,” and “market,”
suggesting greater attention to the economic and financial impact
of the pandemic [20].

All the subcorpora provided the following macrocategories of
information: georeferenced information (information specific
to countries, cantons, or cities); general information about the
pandemic and the virus; reports from authorities and official
bodies; and quantitative information.

The NIH Office of Behavioural and Social Sciences released a
document listing “data collection instruments, including surveys,
for assessing COVID-19-relevant BSSR domains for clinical
or population research” [22]. Reviewing the surveys listed in
the document, we identified 6 main topics of interest: financial
impact, social practices, behavioral dispositions, moral
preferences, emotional state, and cognitive understanding [20].
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A comparison between information consumption patterns,
information available in the media, and BSSR research interests
identified 5 categories of information to collect and to provide
through PubliCo: demographics, cognitive understanding,
behavioral dispositions, emotional state, and moral orientations.

Citizen scientists will be involved in the validation of the survey
and of the information we intend to provide. This will be
accomplished through the web-based project builder of the
Citizen Science Center Zurich [23].

Realization and Testing of the Platform
The PubliCo platform is being developed in cooperation with
Belka, a software company based in Trento, Italy, and Munich,
Germany, with extensive expertise in user experience design
and development. The platform is web-based, mobile first, and
built on a stack of open-source software: React (Facebook Open
Source), SurveyJS (Devsoft Baltic), Typescript (Microsoft
Corp), Diango (Django Software Foundation), MariaDB
(MariaDB Foundation), Docker (Docker), CircleCI (Circle
Internet Services), and NGINX (F5 Networks).

Particular attention is being devoted to the development of
PubliCo Diaries, the interface through which registered citizen
scientists can contribute their diaries. Early users have been
involved in providing bottom-up feedback to refine and improve
the interface. User experience testing will help ensure the
platform is accessible to a large part of the Swiss population.

Another critical activity on the platform is the development of
a backend for researchers, allowing nontechnical staff to view,
add, and modify surveys, information for users, translations,
and analytics components in an intuitive and collaborative way.
The content management system fully supports a multilingual
interface. Therefore, the final aim is to develop a tool that can
be easily deployed and maintained everywhere, with little or
no knowledge of the code running behind the interfaces.

Defining the Analytic Capabilities of PubliCo Analytics
Results from the online survey will be analyzed in multiple
ways. Users will have direct feedback for certain variables (eg,
information level, behavioral dispositions), including scores
and official information based on responses to knowledge
questions as well as basic descriptive statistics (means and
frequencies) for all users and specific subgroups or respondents
from specific cantons.

In addition, through PubliCo Analytics, researchers and policy
makers will be able to answer complex questions like “Are
people who know someone who got infected with COVID-19

more likely to get vaccinated?” and “How would people who
have personal experience with COVID-19 prefer the vaccine
to be distributed?” Queries can be restricted to specific
subgroups (eg, age, residency, level of education).

Project researchers will also analyze results for periodic policy
briefs. Questions to be examined will vary over time and will
include basic descriptive statistics for the different domains
included in the survey (knowledge, emotional state, behavioral
dispositions, and moral preferences), subgroup analyses by
geographical area and target group, and correlation analyses.
Questions to be examined through the correlation analysis
include:

• What is the relationship between participants’ knowledge
and willingness to comply with public health restrictions?

• What is the relationship between participants’ knowledge
and emotional state?

• What is the relationship between participants’ emotional
state and their willingness to comply with public health
restrictions?

• What factors influence participants’ moral preferences?

These and other questions will be analyzed using regression
analysis with a significance level of α=.05.

The diary narratives will be anonymized and analyzed in
conjunction with the ongoing data collection by means of
thematic analysis [19] using the software MAXQDA (VERBI
GmbH) [24].

Selected data will be displayed in PubliCo Analytics in a
visually appealing way (eg, infographics, live maps), as shown
in Figure 2 (for a higher-resolution version, see Multimedia
Appendix 1).

Advanced analytics will be employed whenever possible (NLP
for text elements; predictive modeling of, for example, public
behavior in case of new measures implemented). Many passages,
from the analysis of diaries to the automated analysis of selected
subscales, will be automatized by means of NLP and other
related artificial intelligence applications. These techniques will
ensure that the platform is more cost-effective and that the
results of the analysis and actionable information are available
faster.

Data collection will be adapted to how the situation evolves,
taking up emerging themes (eg, vaccine distribution, balancing
work requirements, and protection of at-risk persons). Core
findings and recommendations will be published in thematically
focused policy briefs.
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Figure 2. A high-level mock-up of PubliCo Analytics. Different kinds of survey data can be presented with an appropriate visualization. Visualizations
can also be used to dynamically select a subset of the data frame (eg, selecting only specific demographic variables). The interface is meant to be
informative, clear, and comprehensive to the general public. Every visualization is accompanied by an explanatory note.

Results

Data Collection
Data collection for PubliCo Survey started with a pilot phase
(December 2020 to April 2021), during which we collected
analytics on how the platform and its different tools are used.
For this purpose, we used a shorter version of the PubliCo

survey, evaluated by citizen scientists through Citizen Science
Center Zurich. This yielded more bottom-up input before
deploying the full survey.

Data collection for PubliCo Diaries started during the pilot phase
as well. Participants were given a brief guide to the diary
method, which informed them about the openness of the method
(eg, without concerns about spelling and grammar). The guide
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asked them to jot down their experiences and thoughts from the
beginning of the pandemic to the current day and their everyday
worries, emotions, risks, experiences, decisions, and actions
during and/or after the pandemic on at least a weekly basis for
a duration of at least 4 weeks. This will allow us to monitor
changes in participants’ values, attitudes, level of knowledge,
and behaviors [25].

Following the pilot phase, in order to increase the user base,
PubliCo is in the process of being disseminated through:

• General media through featured articles in order to reach
the general population;

• Mailing lists of the University of Zurich and the University
of Basel in order to reach undergraduate and graduate
students;

• Facebook groups in order to reach selected target groups,
including migrants and parents;

• Teachers’ associations in order to reach high school
students;

• Participants of the Swiss branch of the DIPEx International
Study on COVID-19 in order to reach people who had direct
experience of COVID-19;

• A demoscopic company that will solicit a representative
sample for comparative purposes.

The outboarding section also invites the users to share the tool
further via social media, email, or similar systems, and to
register as citizen scientists for the PubliCo Diaries component.
We will also investigate possibilities of disseminating through
official channels, like the automatic SMS sender of the Federal
Office of Public Health.

As of September 2021, we collected a total of 473 responses
through PubliCo Survey, and 22 diaries through PubliCo Diaries.
Data collection will be iterative and will proceed for at least 2
years. We expect the tool to be refined and enhanced as data
collection and analysis moves forward. Because of the design
of the tool, data saturation will be determined a posteriori by
analyzing the demographic data of surveys and diary users. The
current version of the tool is available at online [26].

Availability of Data

Preliminary and Intermediate Data
The Google Trends data set used to define the survey component
is available through our Zenodo repository [27]. The software
used for the analysis of the Factiva corpus is also available
through our Zenodo repository [28], as are the raw results of
the analysis of the Factiva corpus [21]. Due to copyright
restrictions, the Factiva corpus is available through Factiva.

Research Data
Data generated from PubliCo will be available through the
PubliCo Analytics interface. Diary data are available upon
request.

Discussion

Ethics and Dissemination
One aim of PubliCo is to deliver personalized information in
the context of public health emergencies. However, providing

personalized information can be potentially problematic.
Feedback on knowledge-based questions simply involves
notifying users of wrong answers and providing access to
reliable sources, like the WHO or official information outlets
[29]. Some uneasiness remains around making assumptions
about citizens’ informational needs and possibly contributing
to knowledge “bubbles.” Providing personalized information
from subscales regarding emotional response, moral preferences,
or mental well-being is more challenging. For these topics, we
will provide a comparison between individual scores and sample
means. In this sense, it is fundamental to clarify the descriptive
nature of the scores without any claims as to what the norm
should be (the is-ought problem). The final strategy needs to
be defined with expert advisors and citizen scientists after
evaluating potential outcomes.

The Swiss cantons have been affected in different ways by the
COVID-19 pandemic. Our approach, comparing geolocated
data, might reveal differences in behaviors and attitudes that
could correlate with the course and the severity of the pandemic.
Because of this, we will collect some demographic information
(personal data; potentially also sensitive data as defined in the
Law on Information and Data Protection (IDG) paragraph 3 of
the Canton of Zurich) and some information about personal
philosophical or religious beliefs (sensitive data as defined in
IDG paragraph 3).

The potential harms generated by the project, assessed in Table
1, fall into two categories: reidentification (and thus attribution
of specific opinions to specific persons) and morally problematic
questions.

The most prominent category of risk is connected to the
reidentification of participants. To minimize the chances of this,
the survey component is completely anonymous by design (not
even the IP [Internet Protocol] address is collected), and the
diary component is pseudonymous (we can attribute diaries to
users, but we cannot attribute users to persons). The only
remaining concrete risk for reidentification is posed by what
users could write in the diaries. Because of this, we are taking
extra care in planning the access, use, and management of this
category of data: no personal identifiers are collected upon
registration, diary text is accessible upon request to trusted third
parties (eg, research institutions), and the content is manually
checked for full anonymity beforehand. We are confident that
the instrument is safe from a data protection point of view.

All the data will be stored in a virtual machine hosted in the
data center of the University of Zurich with access restricted to
the project members. The chances of identification, in the
eventuality of a data leak, are very low.

In order to mitigate the second category of risk, we are
discussing the whole survey tool with expert advisors and citizen
scientists in order to get additional feedback on the issues
involved. However, the impact would still be low, and, more
importantly, an unsatisfied user can pause or end participation
at any time.

The very nature of this project implies another general risk: in
a less democratic context, the tool we are developing could be
used for social control. This is a potential risk we cannot
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mitigate for other countries. For Switzerland, the whole
infrastructure of the project was built keeping in mind a
transparent and democratic approach, important in general in
the scientific enterprise, but fundamental in a context in which
the data yielded from the system are used in order to make
decisions impacting the public.

Overall, participants do not have an immediate personal benefit
beyond the insights gained through the survey experience and
feedback, but they do have a long-term community benefit
resulting from the tool being used to deploy public health
measures that consider and take into account their preferences.
Therefore, we consider the risk-benefit balance justifiable.

Table 1. Risk assessment of PubliCo.

Likelihood (1-5)Severity (1-5)Type of harmPotential event and consequences

Reidentification of a participant

12PsychologicalParticipants can feel betrayed by the data controller and lose trust in
the research or society

13EconomicalParticipants with controversial opinions could lose their jobs if these
views are considered particularly dangerous by their employers

13SocialParticipants with controversial opinions could be rejected and isolated
from the societies they belong to

15PhysicalParticipants with controversial opinions could be physically assaulted
because of their opinions

Morally problematic questions

32PsychologicalParticipants can be upset when asked about morally problematic topics
(eg, allocation of scarce resources), especially if directly impacted by
the issue at stake

Open Science by Design
We believe that adopting a democratic, bottom-up approach to
design and develop PubliCo would greatly improve public
perception of the project, while allowing us to tackle urgent and
unforeseen issues [30]. As such, every component of PubliCo
will be publicly available: the research project, the intermediate
data sets and the software used to compile them, the source
code, the raw data, and the interpretative briefs. The only data
that will be subject to manual checks before release is the raw
text of the diaries, as stated above.

This setup will increase trust in the project, encourage secondary
use of PubliCo data, and facilitate the implementation of the
tool in other countries.

Limitations
This design has two main limitations. Our approach focuses on
public perception rather than on observational data of real
practices. There may be discrepancies between opinions,
attitudes, and behavioral dispositions and what people do in
reality. On the other hand, we think much insight is to be gained
already from what people are, in principle, agreeable to or what
they will consider unacceptable.

The second limitation concerns the information that is provided
at the end of the survey. For some topics (eg, the concrete risk
posed by COVID-19), it remains difficult to find solid metrics,
and the way they are communicated can generate problems and
misunderstandings. In this sense, we have opted to use a
different approach: users will be pointed first to the official
information provided by the Federal Office of Public Health,
and secondly (depending on their scores in cognitive
understanding) to PubMed queries designed to yield systematic
reviews or meta-analyses. This way, following once again an
open-science spirit, citizens will be able to access the relevant
literature.

Conclusions
Pilot data show that PubliCo is a promising and efficient concept
for bidirectional risk and crisis communication in the context
of public health crises, as it can reach and engage different
segments of the Swiss population, collecting and providing
information at the same time. Further data are needed to assess
its function at a larger scale or in the context of an issue other
than COVID-19.
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Abstract

Background: Smoking is the leading cause of preventable death in the United States. Smoking cessation interventions delivered
by smartphone apps are a promising tool for helping smokers quit. However, currently available smartphone apps for smoking
cessation have not exploited their unique potential advantages to aid quitting. Notably, few to no available apps use wearable
technologies, most apps require users to self-report their smoking, and few to no apps deliver treatment automatically contingent
upon smoking.

Objective: This pilot trial tests the feasibility of using a smartband and smartphone to monitor and detect smoking and deliver
brief mindfulness interventions in real time to reduce smoking.

Methods: Daily smokers (N=100, ≥5 cigarettes per day) wear a smartband for 60 days to monitor and detect smoking, notify
them about their smoking events in real time, and deliver real-time brief mindfulness exercises triggered by detected smoking
events or targeted at predicted smoking events. Smokers set a quit date at 30 days. A three-step intervention to reduce smoking
is tested. First, participants wear a smartband to monitor and detect smoking, and notify them of smoking events in real time to
bring awareness to smoking and triggers for 21 days. Next, a “mindful smoking” exercise is triggered by detected smoking events
to bring a clear recognition of the actual effects of smoking for 7 days. Finally, after their quit date, a “RAIN” (recognize, allow,
investigate, nonidentification) exercise is delivered to predicted smoking events (based on the initial 3 weeks of tracking smoking
data) to help smokers learn to work mindfully with cravings rather than smoke for 30 days. The primary outcomes are feasibility
measures of treatment fidelity, adherence, and acceptability. The secondary outcomes are smoking rates at end of treatment.

Results: Recruitment for this trial started in May 2021 and will continue until November 2021 or until enrollment is completed.
Data monitoring and management are ongoing for enrolled participants. The final 60-day end of treatment data is anticipated in
January 2022. We expect that all trial results will be available in April 2022.

Conclusions: Findings will provide data and information on the feasibility of using a smartband and smartphone to monitor
and detect smoking and deliver real-time brief mindfulness interventions, and whether the intervention warrants additional testing
for smoking cessation.

Trial Registration: ClinicalTrials.gov NCT03995225; https://clinicaltrials.gov/ct2/show/NCT03995225

International Registered Report Identifier (IRRID): DERR1-10.2196/32521

(JMIR Res Protoc 2021;10(11):e32521)   doi:10.2196/32521
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Introduction

Smoking is the leading cause of preventable disease, disability,
and death in the United States [1]. Despite large-scale efforts
to reduce smoking, the efficacy of clinical interventions for
smoking cessation remains low [2]. Although 68% of smokers
want to quit, only 7.4% achieve this annually [3], demonstrating
an urgent need for more effective treatments [2]. A potentially
impactful way to aid smoking cessation is by delivering
interventions via mobile health (mHealth) technology such as
smartphone apps, which may deliver scalable and effective
treatments more efficiently [4-9]. Smartphone apps have
numerous advantages for delivering evidence-based treatment
for smoking; however, reviews of existing apps report that they
have not yet used key potential features to aid smoking cessation
[6,7]. In particular, few smoking cessation apps use wearable
technologies, most apps require users to self-report smoking,
and few apps deliver real-time interventions contingent upon
smoking events.

One feature of mHealth technology not yet well-integrated into
available smoking cessation apps is data from wearables. Many
behavioral treatments for smoking teach smokers to self-monitor
their smoking habits, including when, where, and how often
they smoke, to learn to identify their smoking patterns and
triggers. Wearable technologies such as smartbands are being
developed to advance current tracking methods by automatically
monitoring and detecting smoking and notifying smokers of
smoking events in real time. This feature alone has been found
to reduce smoking as compared to a control in a pilot trial [10],
a finding consistent with early studies indicating that
self-monitoring of smoking behavior alone could reduce
smoking [11] particularly among smokers motivated to quit
[12]. The ability to accurately track smoking is a critical issue
as smokers may underestimate or deny smoking [13], and
discordance between detected and self-reported smoking rates
can negatively impact clinical trials and population studies that
are used to allocate resources and set health priorities [14].
Automatic monitoring and detection of smoking also enables
triggering real-time interventions contingent upon detected
smoking events. Furthermore, data from wearables can be used
to identify individualized profiles of smoking behavior to deliver
real-time interventions targeted to predicted smoking events.
Individual differences in smoking behavior in daily smokers
can be characterized by regular patterns of smoking frequency
[15], driven by nicotine dependence and other affective and
situational factors [16,17]. Therefore, this study tests the
feasibility of using a smartband [10] to automatically monitor
and detect smoking, deliver real-time interventions triggered
by smoking events, and deliver real-time interventions targeted
to predicted smoking events according to individualized smoking
profiles.

This study uses smartband and smartphone technology to deliver
brief mindfulness interventions for smoking cessation.
Mindfulness has been defined as the awareness that arises when
paying attention in the present moment, on purpose and
nonjudgmentally [18]. Mindfulness has been operationalized
in research to include maintaining attention on one’s immediate
experience and cultivating an attitude of acceptance or

nonjudgement toward one’s experience [19]. Mindfulness
training typically involves the practice of attention regulation,
body awareness, and emotion regulation [20]. For smoking
cessation, mindfulness training may help smokers learn to work
mindfully with cues, cravings, and affective states that trigger
smoking. Smokers may learn to become aware of cues and
triggers, pay attention to cravings as they arise, and accept their
experience and learn to ride out the cravings rather than to react
by smoking [21]. Previous studies indicate that mindfulness
training may reduce cigarette craving and withdrawal [22,23],
aid in smoking cessation [24,25], and support recovery from
lapses following a quit attempt [26]. Furthermore, mindfulness
training for smoking cessation delivered by a smartphone app
has been demonstrated to be feasible and found to lessen the
association between craving and smoking across treatment
versus a comparator app [27] and to reduce the neural response
to smoking cues and related cigarette consumption [28]. The
ability to deliver mindfulness interventions for smoking in
context, at the critical moment when smoking or craving occurs,
may boost efficacy. Furthermore, brief mindfulness practices
may be efficient, accessible, and feasible to learn [29]. Brief
mindfulness interventions for smoking have been associated
with significant reductions in negative affect, cravings,
withdrawal symptoms, and smoking behavior [22,30,31], and
with significant increases in mindfulness [29] and have been
correlated with outcomes as a component of larger mindfulness
training programs for smoking cessation [30,32].

Building upon the extant literature, this study tests the feasibility
of using a smartphone and smartband to deliver brief
mindfulness exercises to intervene with craving and smoking
in real time. This trial tests a three-step intervention among
daily smokers making a quit attempt. First, a smartband is used
to monitor and detect smoking and notify smokers of smoking
events in real time to bring awareness to their smoking behavior
and triggers. Next, a “mindful smoking” exercise is triggered
by detected smoking events to bring awareness to the present
moment effects of smoking—the physical sensations, emotions,
and thoughts that result from smoking [21,33]—to begin a
process of disenchantment with smoking [21,34]. Last, a
“RAIN” (recognize, allow, investigate, nonidentification [21])
mindfulness exercise is targeted to predicted smoking events
according to individualized smoking profiles to help smokers
work mindfully with cravings rather than to react by smoking
[27,32]. The goals of this feasibility trial are to establish that
treatment can be delivered per protocol, participants will adhere
to treatment, and treatment will be acceptable, prior to a larger
clinical efficacy trial. This study will evaluate treatment fidelity,
adherence, and acceptability, using outcomes consistent with
guidelines and prior studies [35,36].

Methods

Overview
A feasibility clinical trial funded by the National Center for
Complementary and Integrative Health will be conducted.
Ethical approval for the procedures of this trial was obtained
from the Yale University Institutional Review Board. All
participants will provide online informed consent.
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Setting
The study will be conducted by smartband and smartphone, and
be online and optimized for mobile phones. Treatment delivery
will be smartphone- and smartband-based.

Participants
Participants (N=100) will be eligible if they are 18 years or
older, smoke at least 5 cigarettes per day (CPD) for at least 2
years, own an iPhone or Android, are fluent in English as
intervention content was only available in English at study onset,
and are motivated to quit as indicated by a score of at least 4 of
5 on one item of the Action subscale of the Readiness to Change
Questionnaire, “I am trying to smoke less than I used to” from
1 (strongly disagree) to 5 (strongly agree) [37].

Recruitment
Participants will be recruited using online advertising (eg,
Facebook ads) and directed to a study website and online
screening survey. This recruitment method has been used
previously to enroll 505 participants and randomize 56
participants per month in a similar smartband-based clinical
trial [27]. This approach should have broad reach. The study
website will link to a short screening survey on Yale Qualtrics
Survey Tool. The survey will notify an individual if they are
eligible or not eligible. If eligible, they will be asked for their
contact information and directed to an online informed consent
form. Those who provide contact information and online
informed consent will receive an email with a copy of the
consent form. Participants will then be asked to respond by text
to confirm their interest in enrolling in the study and to schedule
a short video call with a researcher for onboarding to the study
technology. To finalize enrollment, participants must complete
the onboarding session.

Smartband Technology
The smartband used in this study is developed by Somatix, Inc
[10] and uses a machine learning algorithm to identify the
hand-to-mouth gestures that characterize smoking a cigarette
and differentiate these from other similar hand gestures for a
given individual. Briefly, raw data are collected from the
accelerometer and gyroscope sensors, and following data
stabilization and noise filtering, the algorithm determines which
movements being performed by the individual signify smoking.
Upon smoking detection (3-4 puffs) the user is asked to confirm
or deny smoking on the associated smartphone app.

Onboarding
Upon SMS text message confirmation of interest in enrollment,
participants will be shipped the study equipment (smartband,
charger, brief instructions, prepaid return envelope). Upon
receipt of study equipment, a researcher will conduct an

onboarding session with the participant by video call. The
onboarding session will walk the participant through using the
smartband and smartphone app, including charging and setting
up the smartband, pairing and using the smartband and app, and
reviewing study instructions. At the end of the onboarding
session, participants will be sent a reminder of the study
instructions by email. That email will also include
troubleshooting tips to use as needed during the trial.
Additionally, the email will include a recommendation for quit
smoking medications [6]. After onboarding, participants will
be SMS text messaged a link to the baseline survey to begin the
study. Treatment starters will be defined as completing
onboarding and wearing the smartband for 1 day.

Retention Strategies
Treatment retention will be defined as wearing the smartband
on 75% (45/60) of treatment days. Retention rates will be
ensured by emphasizing the importance of follow-up at study
initiation, onboarding, and at each study survey; paying US $10
for onboarding, US $20 for the survey at 21 days, US $10 each
for surveys at 28 and 60 days, and US $1 per day for wearing
the smartband for 12 waking hours; paying for surveys
immediately upon survey completion; and paying a US $50
completion bonus at the end of the study for completing all parts
of the study.

Intervention
All participants will receive a smartband and smartphone app
for the smartband (Figure 1) and take part in a 60-day
intervention (Figure 2). For the first 21 days, the smartband will
automatically monitor and detect smoking and notify the
participant of smoking events in real time to bring awareness
to smoking behavior and triggers. When smoking is detected,
the smartband will vibrate and the participant will receive a
notification on their smartphone app asking them to confirm or
deny smoking. The notification will remain until they reply.
Alternatively, if a participant smokes and it is not detected by
the smartband, participants will be asked to manually report the
smoking event on the smartphone app. They will be instructed
to smoke as much or as little as they like [31] but will be asked
to set a quit date in 30 days. Participants will be instructed to
wear the smartband for 12 waking hours per day. They will be
automatically sent a reminder notification from the app if they
wear the smartband for <12 hours each day. Additional SMS
text message reminders will be sent by the study team if they
wear the smartband for <12 hours per day for 48 and 72 hours.
If they do not wear the smartband at all, they will receive an
additional SMS text message, email, or phone call at 48 and 72
hours. Data from this initial 21 days of smoking monitoring and
detection will be used to predict individual patterns of smoking
for RAIN mindfulness exercise delivery later in the intervention.
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Figure 1. Smartband app smoking notification and tracking. Panel 1: Smoking is detected in real time and a notification is pushed to the user to confirm
or deny smoking. Panel 2: Cigarettes smoked per day are displayed on the home page of the app. Panel 2-3: The user can report a smoking event manually
if smoking is not detected by the smartband by pressing “+” on the home page and confirming smoking.

Figure 2. Study timeline. RAIN: recognize, allow, investigate, nonidentification; S: survey; UEQ: User Experiences Questionnaire.

At 21 days, participants will be SMS text messaged a link to
the 21-day survey. At the end of the survey, they will take part
in a brief mindfulness training adapted from Craving to Quit,
a smartphone app for mindfulness training for smoking cessation
[27,38]. The mindfulness training uses videos and animation to
introduce mindfulness, introduces habit formation using an
animation, and provides a guided mindful smoking exercise,
which helps participants bring awareness to the present moment
effects of smoking to gain a clear recognition of the effects of
smoking. After the mindfulness training, participants will be
instructed that, for the next week, the smartband will continue

to automatically monitor and detect smoking, notify them of
smoking events in real time, and ask them to confirm or deny
smoking. They should continue to manually report any smoking
events that are not detected by the smartband. In addition,
anytime smoking is detected by the smartband or manually
reported, they will automatically receive an SMS text message
with a link to the mindful smoking exercise. They can also
access mindful smoking anytime by clicking the link in their
text messages. They will be instructed to try to use the mindful
smoking exercise any time they smoke. After the mindful
smoking exercise, they will be asked to rate how helpful they
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found it. The link will direct the participant to a 2-minute
audio-guided mindful smoking exercise with subtitles, followed
by an ecological momentary assessment (EMA) rating, “How
helpful did you find this exercise?” (visual analog scale [VAS]:
“Not at all helpful” to “Very helpful”).

At 28 days, participants will be SMS text messaged a link to
the 28-day survey. At the end of the survey, they will take part
in another brief mindfulness training adapted from Craving to
Quit. The mindfulness training uses videos and animation to
introduce the concept of craving, including using an animation
with the metaphor of craving as a tantrum toddler (ie, let the
toddler cry it out, introduces the concept of urge surfing, and
provides a guided mindfulness exercise, RAIN) [21]. This
exercise teaches smokers how to work mindfully with triggers
to smoke using RAIN. Smokers learn to recognize cues,
cravings, or affective states that trigger smoking; allow and
accept their experience, however pleasant or unpleasant, without
trying to change it; investigate what the experience feels like
in the body, emotions, and thoughts; and nonidentification with
what is happening from moment-to-moment (RAIN). By openly
investigating one’s present moment experiences of craving in
a nonjudgmental way, one may learn that cravings are physical
sensations, thoughts, and emotions that will subside. After the
mindfulness training, participants will be reminded of their quit
date, and instructed that, for 30 days after their quit date, the
RAIN exercise will be sent to them by SMS text message at the
times they typically smoke. They can also access the RAIN
exercise anytime by clicking the link in their SMS text messages.
They will be instructed to try to use the RAIN exercise any time
they have a craving to smoke. RAIN will be delivered according
to individualized smoking profiles generated from smoking data
from the first 21 days of the intervention. Briefly, a prediction
algorithm is run every 5 minutes and if >1 smoking event is
detected within 15 minutes of the current time on any day in
the 21 days, the answer is true. A text cooldown period is set
at 45 minutes such that RAIN will not be sent twice within 45
minutes. These parameters were determined by an initial pilot
study (n=8 completers) to provide support but minimize text
burden. Before and after the RAIN exercise, they will be asked
to rate their craving and affect [39]. After the RAIN exercise,
they will also be asked to rate how helpful and timely they found
it. The link will direct participants to a 2-minute audio-guided
RAIN exercise with subtitles, preceded by rating, “How much
are you craving a cigarette right now?” (VAS: “Not at all” to
“Very much”) and “How are you feeling right now?” (VAS:
“Very bad” to “Very good”), and followed by the same ratings
plus “How helpful did you find this exercise?” (VAS: “Not at
all helpful” to “Very helpful”) and “How was the timing of this
exercise?” (VAS: “Too early” to “Too late”). Additionally,
participants will be instructed that the smartband will continue
to automatically monitor and detect smoking, notify them of
smoking events in real time, and ask them to confirm or deny
smoking. They should continue to manually report any smoking
events that are not detected by the smartband. Anytime smoking
is detected by the smartband or manually reported, they will
continue to automatically receive an SMS text message with a
link to the mindful smoking exercise.

Throughout the intervention, participants can delay or skip
mindfulness exercises by ignoring the SMS text message. They
can also access the mindfulness exercises at any time by clicking
the link in their SMS text messages. Completion of mindfulness
exercises will be time-stamped including onset and offset times
for the 2-minute guided audio. To encourage completion of
mindfulness exercises, participants will be sent encouraging
SMS text messages indicating the number of exercises they
completed on the previous day with congratulations or a
reminder to use the mindfulness exercises if none were
completed. These texts will be sent daily for mindful smoking
(week 4) and for the first week of RAIN (week 5), and weekly
thereafter for RAIN (weeks 6-8).

At 60 days, participants will be SMS text messaged a link to
the 60-day (end of treatment) survey. At the end of the survey,
individuals who report 1-week point prevalence abstinence from
smoking (up to n=30) will take part in carbon monoxide (CO)
monitoring. CO levels will be measured using piCO+
Smokerlyzer breath CO monitors (Bedfont Scientific Ltd).
Participants will be shipped the CO monitor, brief instructions,
and a prepaid return envelope. They will set up a video call with
a researcher (recorded), during which they will use the CO
monitor and display the output [27,40,41]. Once a participant
has completed the 60-day survey and returned any study
equipment, they will be paid their final study payment.

Measurements

Primary Outcome Measures
The primary outcome measures for this feasibility clinical trial
are treatment fidelity, adherence, and acceptability across the
60-day intervention.

Treatment Fidelity

Treatment fidelity measures will include the following: whether
we can accurately detect smoking events will be measured as
the percent of smoking events detected and the rate of false
alarms in the first 21 days of the study during which smokers
are wearing the smartband to monitor and detect smoking, are
notified of smoking events in real time, and are asked to confirm
or deny smoking and to self-report any undetected smoking
events. We expect to replicate previous findings of >80%
detection and negligible rate of false alarms [10]. Whether we
can deliver mindful smoking triggered by smoking events will
be determined by the percent of mindful smoking exercises
correctly triggered by smoking events and the rate of false
alarms in the next 7 days (days 21-28) of the study during which
any detected or reported smoking event triggers delivery of the
mindful smoking exercise by SMS text message. Again, we
expect to replicate previous findings of >80% detection and a
negligible rate of false alarms [10]. Whether we can deliver
RAIN to predicted smoking events will be measured as average
timeliness ratings in the final 30 days (days 30-60) of the study
during which RAIN is delivered to predicted smoking events,
and the participant is asked to rate timeliness. Additionally,
craving ratings obtained before participants complete RAIN
will be used as a proxy for whether we have targeted moments
of high craving. We expect on average high timeliness and
craving ratings. Ratings will be evaluated as percent of
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participants and score range (very low, low, moderate, high,
very high), with feasibility determined by 75% of participants
rating an item as moderate or higher.

Adherence

Adherence will be measured as percent of days participants
wear the smartband for 12 waking hours during the 60-day
study, percent of smoking notifications answered (confirmed
or denied) of those sent during the 60-day study, percent of
mindful smoking exercises completed of those sent during the
mindful smoking period (days 21-28) of the study, and percent
of RAIN exercises completed of those sent during the RAIN
period (days 30-60) of the study. Based on our pilot data,
adherence cut-offs will be 80% of mindfulness exercises
completed relative to the participant’s baseline CPD.

Acceptability

Acceptability will be measured as mean helpfulness ratings,
separately for mindful smoking and RAIN exercises. Again,
ratings will be evaluated as percent of participants and score
range (very low, low, moderate, high, very high), with feasibility
determined by 75% of participants rating an item as moderate
or higher. Acceptability will additionally be evaluated from
feedback on User Experiences Questionnaires administered as
part of the surveys at each time point (21, 28, and 60 days),
which ask about the acceptability of the technology (eg, was it
easy/difficult to complete onboarding, get technical support,
keep the smartband charged, or keep the smartband paired with
the smartphone) and intervention (eg, helpfulness of mindfulness
exercises; liking of mindfulness exercises; or effect of
mindfulness exercises on awareness, craving, and smoking).

Average responses for a given rating will be evaluated as percent
of participants and score range (very low, low, moderate, high,
very high), with feasibility determined by 75% of participants
rating an item as moderate or higher. The User Experiences
Questionnaire at 60 days also includes items adapted from
standardized measures including the User Burden Scale [42],
System Usability Scale [43], Mobile Application Rating Scale
[44], and the 4-item Acceptability of Intervention Measure [45].

Secondary Outcome Measures
The secondary outcome measures will be smoking and
abstinence rates. CPD will be measured by self-report at each
study survey (baseline, 21, 28, and 60 days) and detected by
the smartband. Each study survey will also include the Timeline
Followback [46] for the previous study period (between
surveys). Additionally, 1-week point prevalence abstinence
rates at 60 days will be measured by self-report (60-day survey),
detected by smartband (no smoking events for the past 7 days),
and based on biochemical verification (<6 parts per million CO;
n=30). Continuous abstinence (<5 cigarettes since quit date
[47]) will also be measured by self-report.

Exploratory Outcomes
Exploratory measures will include survey data collected at
baseline, 21, 28, and 60 days (Table 1): demographics, smoking
characteristics including the Fagerström Test for Nicotine
Dependence [48] and Minnesota Tobacco Withdrawal Scale
[49], and the Five Facet Mindfulness Questionnaire short form
[50,51] as well as EMA ratings (craving, affect) collected
throughout the intervention.
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Table 1. Study measures.

Day 60Day 28Day 21Day 0ScreenDomain and measures

Demographics

————b✓aDemographics

———✓—Socioeconomic status

———✓—Language preference

————✓PhenX Gender Identity [52]

———✓—PhenX Educational Attainment [52]

Smoking

✓✓✓✓✓Smoking Status [47]

✓✓✓✓—Timeline Followback [53]

✓————Biochemical verification of abstinence

Nicotine dependence

✓——✓—Fagerström Test for Nicotine Dependence [48]

✓✓✓✓—Minnesota Nicotine Withdrawal Scale [49]

Other treatments

✓✓✓✓—Medication Use Questionnaire

✓✓✓✓✓Current e-cigarette use

Smoking self-efficacy

✓✓✓✓—Self-efficacy Questionnaire [54]

————✓Readiness to change [37]

Mindfulness

✓✓✓✓—Five Facet Mindfulness Questionnaire [51]

User Experiences Questionnaire

✓✓✓——User Experiences Questionnaire

✓————User Burden Scale [42]

✓————System Usability Scale [43]

✓————Mobile Application Rating Scale [44]

✓————Acceptability of Intervention Measure [45]

✓————Feasibility of Intervention Measure [45]

Other

———✓—eHealth literacy [55]

aIndicates this item is included.
bIndicates this item is not included.

Statistical Analysis
Descriptive statistics of primary and secondary outcome
measures will be reported prior to statistical analysis. For
treatment fidelity, adherence, and acceptability, we will estimate
proportions with 95% CIs. Change in smoking will be assessed
using mixed regression models to compare self-reported and
smartband-detected CPD, using all available data with focused
contrasts on changes from baseline to 60 days. Random effects
or structured variance-covariance matrix of the errors will be
used to take into account correlations of repeated measures
within an individual, and the best-fitting model will be selected
based on Bayesian information criterion. We will perform

exploratory mediation analysis of the exploratory outcomes to
test mechanistic hypotheses related to smoking, craving, affect
and mindfulness, and other psychological variables.

Results

The study was approved by the Yale University Institutional
Review Board in March 2019 and funded in May 2019. The
development and programming of the study intervention has
been completed. All study methods and materials have been
developed and manualized. An initial pilot study (n=30) was
conducted between November 2020 and January 2021 to test
and finalize the study intervention and procedures. Recruitment
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for the full feasibility trial began in May 2021 and will continue
until November 2021 or until enrollment is complete. Data
monitoring and management are ongoing for enrolled
participants. The final 60-day end of treatment data is anticipated
to be collected in January 2022. We expect that all trial results
will be available in April 2022.

Discussion

Principal Results
This trial is designed to test the feasibility of using a smartband
and smartphone to automatically monitor and detect smoking,
notify smokers of smoking events in real time, and deliver brief
mindfulness interventions to help daily smokers in a smoking
quit attempt. We anticipate collecting important data and
information regarding innovative features of the intervention
including using wearable technology (smartband) to monitor
and detect (track) smoking, automatically detecting smoking
rather than relying on self-report, using data from wearables to
identify patterns of individual smoking behavior over time,
delivering interventions contingent on smoking events and
targeted to predicted smoking events, and combining novel
mHealth technology with an evidence-based mindfulness
intervention for smoking cessation.

Limitations
There are several potential limitations of this study. First, it is
possible that data from the initial 21 days of tracking smoking
by smartband may not be sufficient to obtain predictable
individualized smoking profiles. This is an empirical
question—the trial will provide useful data and information on
our ability to predict smoking based on 21 days of smartband
data. Second, smoking patterns may change over time in
response to being monitored for smoking and other factors.

Averaging smoking patterns for an individual across 21 days
allows us to account for these changes but stay in line with
clinical guidelines for setting a quit date at 30 days [56]. Third,
additional psychological mechanisms other than craving and
affect may impact smoking. Once the feasibility of the approach
is established, future studies can include additional EMA ratings
to evaluate other key psychosocial factors (eg, anxiety, stress,
or activity). Fourth, an alternative design would be to combine
the smartband technology with another full-scale treatment for
smoking such as the Craving to Quit app [27]. However, it is a
challenge in clinical trials of smartphone apps to determine
efficacious components of multifeatured apps. This study takes
a component approach by testing mindful smoking and RAIN
exercises, which also builds upon prior work including our own
demonstrating that brief mindfulness interventions can reduce
craving and smoking. Last, individuals may use the technology
inappropriately, such as wearing the smartband on the hand not
used for smoking or not wearing the smartband upon waking
up. Although we cannot completely control for missed cigarettes
due to these or other factors, tracking smoking by smartband
vastly improves smoking estimates beyond self-report, and this
study will be one of the first to test how smartband-based
smoking detection relates to self-reported CPD. These activities
and other factors will also be queried on user experience
questionnaires at each time point.

Conclusions
This study will provide data and information on whether
smartphone- and smartband-based smoking monitoring and
detection, notification, and delivery of brief mindfulness
interventions aid daily smokers in a quit attempt. Feasibility
outcomes will be used to inform future randomized clinical
trials of the tested technology and intervention.
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Abstract

Background: Extensive evidence supports a link between aerobic exercise and cognitive improvements in aging adults. A major
limitation with existing research is the high variability in cognitive response to exercise. Our incomplete understanding of the
mechanisms that influence this variability and the low adherence to exercise are critical knowledge gaps and major barriers for
the systematic implementation of exercise for promoting cognitive health in aging.

Objective: We aimed to provide an in-person and remotely delivered intervention study protocol with the main goal of informing
the knowledge gap on the mechanistic action of exercise on the brain by characterizing important mechanisms of neuroplasticity,
cardiorespiratory fitness response, and genetics proposed to underlie cognitive response to exercise.

Methods: This is an open-label, 2-month, interventional study protocol in neurologically healthy sedentary adults. This study
was delivered fully in-person and in remote options. Participants underwent a total of 30 sessions, including the screening session,
3 pretest (baseline) assessments, 24 moderate-to-vigorous aerobic exercise sessions, and 3 posttest assessments. We recruited
participants aged 55 years and above, sedentary, and cognitively healthy. Primary outcomes were neuroplasticity, cognitive
function, and cardiorespiratory fitness. Secondary outcomes included genetic factors, endothelium function, functional mobility
and postural control, exercise questionnaires, depression, and sleep. We also explored study feasibility, exercise adherence,
technology adaptability, and compliance of both in-person and remote protocols.

Results: The recruitment phase and data collection of this study have concluded. Results are expected to be published by the
end of 2021 or in early 2022.

Conclusions: The data generated in these studies will introduce tangible parameters to guide the development of personalized
exercise prescription models for maximal cognitive benefit in aging adults. Successful completion of the specific aims will enable
researchers to acquire the appropriate expertise to design and conduct studies by testing personalized exercise interventions in
person and remotely delivered, likely to be more effective at promoting cognitive health in aging adults.

Trial Registration: ClinicalTrials.gov NCT03804528; http://clinicaltrials.gov/ct2/show/NCT03804528

International Registered Report Identifier (IRRID): RR1-10.2196/33589
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Introduction

Cognitive Aging
Individuals aged 65 years and older will compose 30% of the
global population over the next 30 years, totaling approximately
2 billion people [1]. This increase in human longevity has
unfortunately not been accompanied by a comparable increase
in healthy longevity (health span). Age-related cognitive decline
impacts healthy longevity by leading to substantial disability
and decreased quality of life. Cognitive health is critical for
healthy longevity because it is highly linked to one’s functional
independence in managing important aspects of life such as
living independently in one’s home and managing health care
and finances. Pharmacological approaches to treating age-related
cognitive decline in midlife to later life have been limited [2].
In contrast, interventions that increase levels of physical activity
have been effective in improving cognitive function in aging
adults [3-5]. But there is considerable interindividual variability
in cognitive outcomes after exercise. Greater understanding of
this variability and the underpinning mechanisms are necessary
to improve the effectiveness of exercise in prevention and
remediation of age-related cognitive decline.

Variability in Cognitive Response to Exercise
Extensive evidence supports a link between aerobic exercise
and cognitive improvements in aging adults. Heterogeneity in
exercise-induced cognitive improvements remains the most
significant barrier to achieving optimal efficacy of exercise for
brain health in aging. Some individuals show robust cognitive
benefits from exercise, while others show less pronounced
improvements. To answer this question, measures that capture
the effects of exercise at the brain level and knowledge of factors
explaining the differences in cognitive response to exercise are
needed. For example, the optimal and necessary exercise dose
and regimen required to achieve cognitive benefits are unknown.
Likewise, it is unclear which cognitive domains show most
reliable and consistent improvements following exercise.
Similarly, it is unclear which neuropsychological outcomes are
most sensitive to capture exercise-induced cognitive gains.
Advancing understanding of differences in cognitive response
to exercise requires concurrent examination of associated
neuroplasticity and cardiovascular changes after exercise.
Aerobic exercise, with its cardiorespiratory gains, contributes
to cognition by optimizing cerebrovascular function, ultimately
leading to more efficient neural processing [6]. At the brain
level, neuroplasticity is an important mechanism and driver of
aerobic exercise–induced cognitive improvements.

Evaluating Mechanisms of Neuroplasticity to Capture
the Effects of Exercise in the Brain
Neuroplasticity is broadly defined as a change in neural structure
and function in response to experience or environmental stimuli.
A critical component of neuroplasticity in response to exercise

is long-lasting synaptic potentiation. Direct electrical recordings
of hippocampal neurons show synaptic enhancement (ie,
long-term potentiation) [7] after exercise that correlates with
improved cognitive outcomes [8-14]. Prior studies using
transcranial magnetic stimulation (TMS) demonstrated a
substantial long-term potentiation–like neuroplasticity response
to exercise that was relevant for exercise-induced cognitive
gains [15]. Importantly, it is possible to assess neuroplasticity
noninvasively and remotely by using transcranial alternating
current stimulation (tACS) combined with
electroencephalography (EEG). In this paradigm, small
electrodes placed on the scalp deliver a short burst of tACS,
which induces a controlled perturbation in the brain that is
measured by EEG changes. The magnitude and duration of
tACS-induced spectral EEG changes in EEG enable an
assessment of neuroplastic mechanisms that is akin to the
TMS/intermittent theta-burst stimulation (iTBS) approach
[16,17]. tACS/EEG is uniquely suited for a home-based
intervention as it can be delivered with a device designed for
home use. Using established procedures via a secure video
platform, the participant is instructed on how to appropriately
place the EEG cap, and the study investigators conduct the
assessment via remote neurophysiological monitoring. Thus,
evaluation of tACS-induced spectral EEG changes is relevant
to advance understanding of exercise-mediated cognitive
benefits, with the important advantage of being suitable for
home-based interventions.

Low Adherence to Exercise Is a Major Obstacle
In addition to all mechanisms that influence the variability of
cognitive gains in response to exercise, an important limitation
of existing research is that adhering to supervised in-person
exercise can be challenging for many aging adults. Given the
increasing use of ubiquitous mobile technologies by aging
adults, a remotely delivered exercise research program may
facilitate recruitment and retention, address barriers to exercise
participation, and accelerate the translation of our findings to a
broader audience. This is especially relevant considering the
post–COVID-19 pandemic and living in the new normal social
practices.

Thus, our incomplete understanding of the mechanisms that
influence this variability and low adherence to exercise are
critical knowledge gaps and major barriers for the systematic
implementation of exercise for promoting cognitive health in
aging. The major goal of this study is to inform the knowledge
gap on the mechanistic action of exercise on the brain by
characterizing important mechanisms of neuroplasticity,
cardiorespiratory fitness, mobility, endothelium function, and
genetic factors proposed to underlie cognitive response to
exercise. Addressing this gap with methods of clinical and
translational research will aid the development of exercise
interventions that can be individually tailored to establish
maximal effectiveness.
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Specific Aims of the Study
Aim 1: Quantify improvements in cognitive performance after
8 weeks (150 minutes per week) of in-person and remotely
delivered moderate-to-vigorous intensity aerobic exercise in
sedentary aging adults aged 55 years and older. Hypothesis 1:
We hypothesize improvements in overall cognitive performance
after exercise and greater improvements in specific cognitive
domains (eg, in executive function, as opposed to memory or
language).

Aim 2: Quantify improvements in mechanisms of neuroplasticity
and cardiorespiratory fitness response after 8 weeks (150
minutes per week) of in-person and remotely delivered
moderate-to-vigorous intensity aerobic exercise in sedentary
adults aged 55 years and older. Hypothesis 2: We hypothesize
increased response in the mechanisms of neuroplasticity (as
assessed by TMS-iTBS and tACS-induced spectral EEG
changes) and increased cardiorespiratory response.

Aim 3: Determine an association between changes in
neuroplasticity, cognitive performance, and cardiorespiratory
fitness response after 8 weeks of moderate-to-vigorous intensity
aerobic exercise in sedentary adults aged 55 years and older.
Hypothesis 3: We hypothesize that a greater neuroplasticity
response will be associated with greater improvement in
cognitive performance and better cardiorespiratory response.

Aim 4: Determine whether postexercise cognitive gains,
neuroplasticity, and cardiorespiratory response are moderated
by baseline endothelial function and genetic factors. Hypothesis
4: Postexercise cognitive gains in neuroplasticity and
cardiorespiratory response will be greater among individuals
with greater endothelial function (brain-derived neurotrophic
factors [BDNF] and vascular endothelial growth factor [VEGF])
and greater among individuals with an absence of apolipoprotein
E e4 allele and Met BDNF allele.

Exploratory Aims
Aim 5. To examine and compare the feasibility and adherence
of an in-person and remotely delivered exercise trial consisting
of 8 weeks of moderate-to-vigorous intensity aerobic exercise
(150 minutes per week). Hypothesis 5: We predict that this
study will be feasible, defined by successful recruitment of 40
participants in the in-person group and 40 participants in the
remote group, and will demonstrate at least 80% adherence to
the program.

Aim 6. To examine the adaptability and technology compliance
of an in-person and remotely delivered exercise intervention
and remote testing procedures, including neuroplasticity
assessment, neurophysiological testing, cardiorespiratory fitness,
and mobility in sedentary aging adults aged 55 years and older.
Hypothesis 6: We hypothesize that it would be feasible to adapt
and compare the exercise intervention and testing procedures
and participants will have at least an 80% technology
compliance.

Methods

Ethical Aspects and Study Design
This is an open label, 2-month, interventional study protocol in
neurologically healthy sedentary adults. Participants underwent
a total of 30 sessions, including the screening session, 3 pretest
(baseline) assessments, 24 aerobic exercise sessions, and 3
posttest assessments. This study was conceptualized a priori to
be delivered fully in-person. Due to challenges posed by the
COVID-19 pandemic, social distancing practices, and aiming
to create a feasible scenario to continue this study, we propose
an additional option to safely adapt study methods to deliver
the study in a home-based, fully remote manner. Importantly,
this scenario also presented as an opportunity to collect
meaningful data on our specific aims while translating this
successful research program into a remote/home-based mode
of delivery. A remote/home-based option may also yield
valuable preliminary data relevant for planning future exercise
studies in aging adults in the present new normal. Proposed
changes included: (1) screening and additional inclusion criteria,
(2) informed consent form and consenting procedures, (3)
addition of a study kit, (4) remote testing procedures, (5) remote
exercise intervention, and (6) additional safety plan.

All participants provided written informed consent prior to
participation, and all forms and procedures were approved by
the University of Miami institutional review board (IRB). This
protocol and all protocol modifications were approved by the
IRB.

Therefore, this research project was offered using a 2-option
design (Figure 1) consisting of the following:

• Option A: supervised in-person exercise intervention. This
option was offered between February 2019 and March 2020

• Option B: home-based remotely supervised option of current
methods to maximize recruitment. This option was offered
between August 2020 and April 2021
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Figure 1. Study design options.

Recruitment and Consent
Participants were recruited using an open enrollment process.
A total of 74 adults aged 55 years or older were recruited from
August 2019 to April 2021. Participants for this study were
recruited by advertising recruitment flyer on the Miller School
of Medicine campus, University of Miami Coral Gables campus,
and greater Miami community (eg, public libraries). In addition,
an online research database tool (eg, ResearchMatch.org), the
social media platform Nextdoor.com, and the University
Research Informatics Data Environment were used as
recruitment methods, and potential participants were identified
and contacted via the Consent to Contact Initiative. Individuals
who were interested in participating in the study were instructed
to contact study staff via email or telephone to discuss the study
details. At this time, the study was explained to the potential
participants, who were screened to eligibility criteria.
Participants who fulfilled preliminary eligibility criteria and
showed further interest in participating were scheduled to
proceed with a consent visit in-person or virtually via Zoom for
Healthcare (Zoom Video Communications Inc) and Research
Electronic Data Capture (REDCap) e-consent. During this
meeting, individuals signed the consent form and followed the
procedures for the study. Participants were compensated for
their participation in the study.

Eligibility Criteria
Participants were screened by collecting information to ensure
their eligibility in the study. Inclusion criteria included
individuals age 55 years and older, no clinically detectable
cognitive impairment (Montreal Cognitive Assessment score
≥24), sedentary (defined as low category using the International

Physical Activity Questionnaire–short form last 7 days), and
English as primary language. An additional inclusion criterion
for the remote group was basic computer skills (accessing an
email or using the internet).

Exclusion criteria included any unstable medical condition (ie,
uncontrolled hypertension or uncontrolled diabetes), medical
contraindication to physical exercise, and contraindication to
neuroplasticity assessment (TMS and tACS) [18]. No medication
is an absolute exclusion from TMS and tACS. The decision to
include a person in the study was made upon a review of the
potential participant’s medical history, drug dose, history of
recent medication changes or duration of treatment, vital signs
sheet, physical ability readiness questionnaire, and a systems
review performed by a licensed physical therapist who was
member of the laboratory. Based on the results of this
evaluation, if the participant was found to require further
medical clearance, they were referred to their physician for
further evaluation and assessment of potential eligibility in this
study.

Procedures

Study Timeline
The total time for a participant to complete this study varied
based on participant availability, but it was feasible to complete
within 10 weeks (the intervention portion of the study was 8
weeks, with week 1 designated for pretesting and week 10 for
posttesting). The following timeline was used to guide and track
the intervention based on participant visit/session number and
study delivery option (in-person vs remote) available as
described in Figure 2.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e33589 | p.316https://www.researchprotocols.org/2021/11/e33589
(page number not for citation purposes)

Cabral et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 2. Study flowchart.

In-Person Procedures
Screening was partially done during a phone interview but
required 1 visit in person during week 1 to consent and collect
physical measures (eg, vital signs), demographics, and medical
and family history. All assessments were conducted by a study
member who received specific training for each test. The
assessments were divided into 3 different visits. Blood draw
and neuroplasticity assessment were performed on the first visit,
cognitive test battery and questionnaires were performed on the
second visit, and gait and postural control assessment and
exercise fitness testing were performed on the third visit. All
testing procedures were conducted in the same order after the
intervention with the same study member.

Remote Procedures
This option was an adaptation of the in-person methods that
included an updating testing timeline to include a kit
familiarization session. We updated our assessment to include

outcome measures that were appropriate for remote delivery.
We eliminated our genetic testing, as it was not possible to
perform remotely. In this option, in-person visits were replaced
with remote sessions. Upon signing informed consent to
participate in the study, participants received a study kit
delivered by a study member or through the mail (Figure 3)
containing the devices that would be used during the pre- and
postassessment tests and exercise intervention. The study kit
included a (1) sphygmomanometer (OMRON BP7350, Omron
Healthcare Inc); (2) heart rate monitor (Polar H10, Polar Electro
Inc); (3) pulse oximeter (Diagnostix 2100 fingertip pulse
oximeter, American Diagnostic Corp); (4) physical activity
monitor (ActiGraph GT9X-BT Link, ActiGraph LLC); (5) tape
measure, masking tape, and alcohol prep pads (isopropyl alcohol
70%); (6) noninvasive brain stimulation/EEG hybrid
Starstim-Home (Neuroelectrics), including a tablet; (7)
participant study booklet; and (8) prepaid shipping label to
return the kit.
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Figure 3. Items included in the study kit.

When the study kit arrived, before beginning any assessments
or intervention, we scheduled a remote meeting using Zoom
for Healthcare to familiarize the participant with all the tools
in the study kit. The participant learned various Zoom platform
functions; how to take their own blood pressure and oxygen
saturation, put on the heart rate monitor and EEG cap, and set
up the activity monitor; and proper safety and cleaning
procedures. If needed, we scheduled multiple meetings to ensure
the participant was properly familiarized with all the materials
in the study kit. Participants also received a study booklet
(Multimedia Appendix 1) containing specific recommendations
on how to follow the study procedures, set up the study devices,
and prepare for the assessment; definitions of important terms,
and daily exercise sheets to be completed during the exercise
sessions.

All assessments visits were monitored remotely using a secure,
video platform through Zoom and were conducted by the study
team members in the same order as the in-person study protocol.

Intervention

In-Person Exercise Protocol
The physical exercise intervention was administered at the
University of Miami Miller School of Medicine Wellness
Center. Participants were given a time slot for the duration of

the study, but flexibility with the intervention time frame was
provided. Participants were supervised by a member of the study
team (licensed physical therapists) at all times. Each participant
engaged in 60-minute daily sessions delivered 3 times per week
for 8 consecutive weeks (a total of 24 sessions).

Participants could select 1 of 4 modalities of exercise available
(treadmill, elliptical, stationary bike, or stationary recumbent
bike) at each session. They were fitted with a heart rate monitor
and were instructed to maintain 55% to 64% of maximal heart
rate (determined by the Karvonen method) for the first 4 weeks
of exercise and 65% to 89% of maximal heart rate for the second
4 weeks of exercise. During the sessions, heart rate and
participant’s exerted effort (measured with the Borg scale) [19]
were monitored prior to the session, every 5 minutes of the 50
minute session, and 5 minutes after the end of the session. The
Borg scale is a numerical scale where 6 represents rest (no
effort) and 20 represents maximal effort. Blood pressure was
measured with participant seated for 5 minutes prior to the
session and after completing the session. The session was
discontinued if participant reported excessive discomfort (eg,
musculoskeletal pain), and an appropriate referral was made as
necessary. Participants were offered the opportunity to make
up a missed session. Figure 4 shows a sample of exercise types
for the in-person and remote protocols.
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Figure 4. In-person and remote exercise protocol scenarios.

Remote Exercise Protocol
We have modified our 8-week, 3 per week in-person exercise
intervention to be safely delivered as a home-based exercise
program. Exercise sessions follow standard physical therapy
protocols with existing safety procedures from the in-person
sessions adapted to a virtual setting. Additional safety
procedures included oxygen saturation measure, daily signs and
symptoms questionnaire, daily geographical location, and daily
emergency phone number. Home-based exercise sessions were
monitored remotely by a physical therapist using Zoom for
Healthcare. Participants were given the choice of exercise mode.
Participants who had access to aerobic exercise equipment at
home (treadmill, elliptical, or stationary bike) were able to use
them in the same manner as scenario 1 (see Figure 4, scenario
1) with a remote investigator monitoring and instructing.
Participants who did not have exercise equipment at home were
given a routine of exercises that did not require any equipment
and could be done safely in their homes. The body weight
exercise program was developed by a group of 4 physical
therapists formed by the principal investigator and study team
members. Modifications for each exercise were tailored
individually based on participant ability levels, available
resources, and safety.

Exercises followed a standard format to ensure safety and
adherence to study goals (Table 1). All participants completed
a guided 5-minute warm-up. The intervention was structured

in five 10-minute timed blocks consisting of 8 minutes of
exercise and 2 minutes of rest. For the body weight protocol,
participants were showed 2 exercises. They performed exercise
A for 1 minute, exercise B for 1 minute, and then rested for 20
seconds. Participant then repeated the A-B sequence 3 more
times for a total of 8 minutes of exercise and took an additional
rest and water break for 1 minute to complete block 1.
Participant completed 5 blocks using this format, completing a
total of 10 unique exercises, and was then guided through a cool
down where they slowly decreased exercise vigor to bring their
heart rate down to baseline levels. Following exercise, the
participant was asked to take their blood pressure, heart rate,
and oxygen saturation and were monitored until they returned
to within 20% of their baseline measurement. Each day of the
week (eg, Monday, Wednesday, and Friday) had a different
sequence of exercises.

The remote protocol followed the same intensity as the in-person
protocol with an adaptation to mimic moderate-to-high intensity
interval training (relative to their age-predicted maximal heart
rate determined by the Karvonen method [heart rate (HR) =
HRrest + ((intended fraction) * (HRmax – HRrest))], where
HRmax = 220 – age, and intended fraction was 54% to 65% on
weeks 1 to 4 and 65% to 90% on weeks 5 to 8). For participants
taking β-blocker medication, an adjusted formula was used to
estimate HRmax (HRmax = 119 + 0.5 [resting HR] − 0.5 [age])
[20]. We assessed perceived effort using the 20-point Borg
scale. Table 1 shows the protocol of exercise for both groups.
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Table 1. Remote exercise protocols.

Body weight (no equipment)Steady state aerobic (personal equipment)Time

Warm-upWarm-up0:00-4:59 (5 min)

Block 1: A/BBlock 15:00-14:59 (10 min)

Work: 8 min, rest and water: 2 min

Block 2: C/DBlock 215:00-24:59 (10 min)

Work: 8 min, rest and water: 2 min

Block 3: E/FBlock 325:00-34:59 (10 min)

Work: 8 min, rest and water: 2 min

Block 4: G/HBlock 435:00-44:59 (10 min)

Work: 8 min, rest and water: 2 min

Block 5: I/JBlock 545:00-54:59 (10 min)

Work: 8 min, rest and water: 2 min

Cool downCool down55:00-60:00 (5 min)

Outcome Measures
All assessment measures were performed at baseline and after
the 8-week exercise intervention. Table 2 shows the summary
of assessments used in the in-person and remote groups.
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Table 2. Outcomes and assessments.

Remote assessmentBothIn-person assessmentOutcome measures

Primary

Neuroplasticity

tACS/EEGc—bTMS/iTBSa

Cognitive function

—Digit span subtest of the WAIS-4thd—

—Trail-Making Test Part B—

—RBANSe—

—DKEFSf—

TestMyBrain.org—Stroop color-word test

Cardiorespiratory fitness

1-minute sit-to-stand test—Incremental shuttle walking test

Secondary

Functional mobility and postural control

—Timed Up-and-Go test (single and dual
task)

—

——Wireless accelerometer

——90-second trials of walking

——Standing postural control

Blood collection and genetic testing

——Endothelium function (BDNFg, VEGFh,

and CRPi levels) and genetic factors

(BDNF genes, and APOEj e4 allele)

Physical activity and exercise

—Lifetime Physical Activity question-
naire

—

—Exercise Self-Efficacy, and Barriers
and Motivators to Exercise

—

—Physical Activity Self-Regulation Scale—

ActiGraph GT9X Link——

Depression

—GDSk—

Sleep

—PSQIl—

ActiGraph GT9X Link——

Brain health index

BBHIm determinants of
brain health

——

Study feasibility

—Exercise adherence and technology
compliance

—

—Exercise intensity adherence—

—Adaptability of the intervention and
assessments methods

—
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Remote assessmentBothIn-person assessmentOutcome measures

Participant self-evaluation, study feedback, and plans for exercise

Exit interview survey with
additional questions

—Exit interview survey

aTMS/iTBS: transcranial magnetic stimulation/intermittent theta-burst stimulation.
bNot applicable.
ctACS/EEG: transcranial alternating current stimulation/electroencephalography.
dWAIS-4th: Wechsler Adult Intelligence Scale, 4th Edition.
eRBANS: Repeatable Neuropsychological Battery.
fDKEFS: Delis-Kaplan Executive Function System.
gBDNF: brain-derived neurotrophic factor.
hVEGF: vascular endothelial growth factor.
iCRP: C reactive protein.
jAPOE: apolipoprotein E.
kGDS: Geriatric Depression Scale.
lPSQI: Pittsburgh Sleep Quality Index.
mBBHI: Barcelona Brain Health Institute.

Primary Outcome Measures

Neuroplasticity Measures

TMS Plasticity

An index of the duration of the theta-burst stimulation
(TBS)-induced modulation of corticospinal excitability was
defined for each participant. Participants were set up in a chair
with electromyography (EMG) electrodes placed on the first
dorsal interosseus on the dominant hand to measure motor
threshold in the corresponding (contralateral) motor cortex
(Figure 5A). The motor threshold serves as the basis for the
following TMS measures over the motor cortex. When
administering TMS, the figure of 8 coil was placed tangentially
to the scalp with the handle pointing posterior for all
stimulations. We proceeded with determining motor threshold
and conducted TMS (single pulse TMS and TBS) over the
dominant motor cortex. After removing the EMG equipment
from the participant, a post-TMS safety evaluation was
conducted. During each of the TMS/plasticity visits, the
following procedures took place:

• Single pulse TMS was delivered using a biphasic figure of
8 coil. This stimulation phase consisted of 3 batches of 30
TMS pulses delivered every 5 to 7 seconds at 120% of

resting motor threshold prior to TBS stimulation as a
baseline. Resting motor threshold was defined as the
minimum stimulus intensity that produced a small motor
evoked potential (MEP; about 50 μV in 50% of 10 trials)
during relaxation of the tested muscles.

• For this study, participants received iTBS over the motor
cortex. iTBS consists of bursts of 3 pulses at 50 Hz repeated
at intervals of 200 ms for a total of 2 seconds (1 train); each
train were repeated every 10 seconds for 20 times for a total
of 600 stimuli. After TBS is applied to the motor cortex in
an intermittent fashion (iTBS), TMS-induced potentials
show increased amplitude for a period of 20 to 30 minutes.
Stimulation intensity was delivered at 80% of active motor
threshold, defined as the minimum stimulus intensity that
produces a small MEP (about 200 μV in 50% of 10 trials)
during isometric contraction of the tested muscles, at about
20% of maximum voluntary contraction. After iTBS has
been administered, batches of single pulse TMS were
administered at timed intervals for 30 minutes over the
motor cortex (T5, T10, T20, and T30). The degree of
potentiation of MEPs (ie, the percentage change in
peak-to-peak MEP amplitude from baseline at each
post-iTBS time point (T5, T10, T20, and T30) was
considered as a TMS index of neuroplasticity [21-23].
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Figure 5. Experimental setup for transcranial magnetic stimulation (TMS) and transcranial alternating current stimulation/electroencephalography
(tACS/EEG) neuroplasticity assessment. EMG: electromyography; MEP: motor evoked potential; TBS: theta-burst stimulation.

tACS/EEG Plasticity

All visits were monitored remotely using a secure, video
platform through Zoom and conducted by the study team
members of the laboratory, with appropriate oversight. In this
paradigm, small electrodes placed on the scalp deliver a short
burst of tACS, which induces a controlled perturbation in the
brain that is measured by EEG changes (Figure 5B). tACS/EEG
is uniquely suited for a home-based intervention as it can be
delivered with a device designed for home use. Using
established procedures via a secure video platform, the
participant was instructed on how to appropriately place the
EEG cap, and the study investigators conducted the assessment
via remote neurophysiological monitoring. An index of change
in the tACS-induced modulation of cortical excitability was
defined for each participant, and brain functional connectivity
and interregional coordination were directly estimated from
EEG. We used established tACS/EEG procedures to measure
neuroplasticity [16,17]. We used the noninvasive brain
stimulation/EEG hybrid Starstim-Home system (Neuroelectrics)
and recorded EEG before (5 minutes), during (3 minutes), and
after (5 minutes) tACS stimulation. Participants received tACS
stimulation (3 minutes, 40-60 Hz, 1-2 mA) targeting the motor
and prefrontal cortices through remote neurophysiologic
monitoring by the study team. We used published methods of
artifact removal and event detection algorithms to extract the
magnitude and duration of post-tACS gamma EEG power
changes from the EEG signals [16,17]. In accordance with the
safe application of neurophysiological measures recommended
by the International Federation of Clinical Neurophysiology,
we collected and monitored adverse events.

Cognitive Function

Visuomotor Processing Speed and Cognitive Flexibility and
Task Switching

This was assessed using the Trail Making Test Part B [24,25].
Trail Making Test Part B consists of encircled numbers (1-13)
and letters (A-L). Individuals were asked to connect the circles
alternating between numbers and letters as quickly as they could

without making mistakes. The test was scored according to the
number of errors made and the time (in seconds) to completion.

Response Inhibition, Mental Flexibility, and Attentional
Control

This was assessed using the Stroop Color and Word Test [26].
The test consists of 3 components, each component consisting
of 100 items, presented in 5 columns. In the first portion,
participants were asked to read words printed in black ink
(RED/GREEN/BLUE). In the second portion, participants were
asked to identify the color of ink in which a series of Xs are
printed. In the final section, participants were asked to identify
the color of ink the color words were printed in. Participants
were asked to complete each component as quickly and
accurately as possible. Each section was scored based on number
of items completed accurately within a 45-second period.

For the remote group, the same cognitive battery minus the
Stroop color and word test and with the addition of a
TestMyBrain.org [27] battery of Digit Symbol Matching, Simple
and Choice Reaction Time, and Gradual Onset Continuous
Performance Test was used via a secured Zoom for Healthcare
platform.

Attention and Working Memory

The Digit Span subtest of the Wechsler Adult Intelligence Scale,
4th Edition [28] was used to asses this construct. This measure
consists of 3 parts: Digit Span Forward, Digit Span Backward,
and Digit Span Sequencing. Participants were read increasingly
longer lists of numbers (starting with 2 digits and increasing in
difficulty up to 9 digits) and asked to repeat them verbatim, in
backward order, and sequentially (ie, from smallest to largest)
on Digit Span Forward, Digit Span Backward, and Digit Span
Sequencing, respectively. Each portion was discontinued when
participants could not accurately repeat 2 consecutive trials of
equal difficulty.

Global Cognition

The Repeatable Battery for the Assessment of
Neuropsychological Status Update [29] is a brief battery used
to measure an individual’s cognitive state. The assessment was
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completed in approximately 25 minutes. The battery was
composed of 5 cognitive domains:

• Immediate memory was assessed through a list learning
task of 10 words and a short story. Participants were asked
to repeat a list of 10 words over a series of 4 learning trials.
The score was dependent on the number of correctly
recalled words over the 4 trials. Participants were then read
a short story and asked to recall as many details as possible
from the story that they could remember over 2 trials. The
score was based on the number of correct key details the
participant could recall.

• Visuospatial was assessed using a figure copy and line
orientation task. Participants were asked to copy a figure
as accurately as they could while being timed. The score
was based solely on the exactness of the copy of the figure.
Participants were then shown 13 lines that were numbered
1 to 13 and arranged in a fan shape that were 15 degrees
apart from each other at the top of a page. Participants were
shown a series of 2 lines, isolated from the fan shape, and
asked to identify what numbers they corresponded to on
the fan shape. Participants were awarded 1 point for each
time they correctly match the lines.

• Language was assessed through picture naming and
semantic fluency. Participants were asked to identify the
name of 10 different figures. The score was based on the
number of figures the participant named correctly.
Participants were then asked to name as many items from
a specific category as they could for 1 minute. One point
was awarded for each unique response.

• Attention was composed of a digit span and coding task.
Participants were read a series of numbers increasing in
length that they were asked to repeat. Participants were
awarded 1 point for each series of number they correctly
recalled. Coding was comprised of a key of 9 symbols that
were associated with a number 1 through 9. The participant
was then asked to use the key to assign numbers to a list of
matching symbols below, where the numbers were missing.
One point was given for each symbol correctly assigned to
a number based on the key.

• Delayed memory was measured by recalling the 10 words
and short story from the immediate memory task, recalling
the figure copied during the visual spatial constructional
task, and identifying the 10 words from the list learning
task among 20 other words.

Verbal Fluency

The Verbal Fluency subtest of the Delis-Kaplan Executive
Function System [30] was used to assess verbal fluency. This
subtest comprised letter fluency, category fluency, and category
switching. During the letter fluency portion, participants were
asked to name as many words as they could that began with a
certain letter of the alphabet within 1 minute. There were 3 trials
with 3 different letters, and the participant was awarded 1 point
for each unique, appropriate response. For category fluency,
participants were asked to name as many items as they could
that corresponded to the category provided within 1 minute.
Participants completed 2 trials with 2 different categories and
were awarded 1 point for each unique, appropriate response.
During the category switching, the participant was asked to

switch between naming items from 2 different categories within
1 minute. Participants were awarded 1 point for each unique,
appropriate response given for each category as well as each
time they correctly switched between categories.

TestMyBrain.org

As there were some tests that were not appropriately delivered
via Zoom, a few additional tests were used for option B. A
TestMyBrain link was sent to participants during their
assessment visit, and the investigator guided them through the
test. Overall, this portion of the test required 10 minutes. The
test comprised the following:

• Processing speed was assessed using the TestMyBrain Digit
Symbol Matching. Participants were shown symbols that
matched a corresponding number. Participants quickly and
accurately selected the appropriate number. They had 90
seconds to complete as many symbols as possible.

• Basic psychomotor response speed was measured with
TestMyBrain Simple Reaction Time. Participants were
shown either GO! or WAIT! Participants pressed the space
bar on the computer as rapidly as possible only when the
word GO! was presented.

• Choice Reaction Time was used to measure processing
speed, response inhibition, and attention. Participants were
shown 3 boxes with arrows inside of them. Two boxes had
the same color, and one was different (odd color).
Participants must rapidly select the direction of the arrow
in the odd colored box.

• Sustained attention, response inhibition, and cognitive
control was measured with the Gradual Onset Continuous
Performance Test. Participants were asked to press a key
when a city picture appeared and to not press when a
mountain image appeared. The images rapidly transition
from one to the next with mountains appearing only 10%
to 20% of the time.

Cardiorespiratory Fitness

Incremental Shuttle Walking Test

The Incremental Shuttle Walking Test was performed to
determine cardiorespiratory fitness by evaluating maximal
walking velocity and walking distance during the test (Figure
6A) [31]. These values were used to estimate peak oxygen
consumption (VO2 peak) changes over time as a measure of
aerobic capacity [32]. Prior to the test, participants were fitted
a heart rate monitor (Polar H10, Polar Electro Inc), seated in a
comfortable chair for 5 minutes, and we measured blood
pressure, heart rate, rate of perceived effort, and oxygen
saturation. Participants were screened for signs and symptoms
(eg, dizziness, nausea, chest pain) and a list of medications taken
before the test. Participants were then instructed to walk
progressively a distance of a 10-meter course around a marking
between 2 cones, keeping to the speed indicated by the bleeps
on the audio recording. At every minute, the participants had
to increase their speed to keep up with the test. We recorded
reasons for termination, and these included the following: (1)
participant became too breathless to maintain the required speed
or could no longer keep up with the set pace, (2) operator
determined that the participant was not fit to continue (eg,
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reached 85% of predicted maximum heart rate), or (3) operator
assessed that the patient was unable to sustain the speed and
cover the distance to the cone prior to the beep sounding.
Participants were closely monitored upon completion and 5

minutes after test cessation, including blood pressure
measurement, heart rate, oxygen saturation, and rate of perceived
effort. Heart rate recovery was also recorded at minute 1 and
minute 2 after test cessation.

Figure 6. Cardiorespiratory fitness assessment.

1-Minute Sit-to-Stand Test

We adapted our exercise assessment to a submaximal aerobic
capacity assessment using the 1-Minute Sit-to-Stand Test (Figure
6B) [33], which could be completed in the participant’s home
and monitored securely through the Zoom platform. The
1-Minute Sit-to-Stand Test was performed to determine maximal
repetitions completed in 1 minute. Participants were asked to
join a Zoom meeting where they were asked to confirm their
current geographical location and emergency phone number.
Prior to the start of the test, the investigator requested participant
place a sturdy chair in the camera view range in a safe location
for proper monitoring, preferably an armless chair of standard
height (45.0 to 48.0 cm) placed against a wall for stability. The
participant was asked to don the Polar Heart Rate monitor and
an activity monitor (ActiGraph GT9X Link) and have a seat in
the chair. After this, vitals were taken after 3 to 5 minutes of
seated rest, and the investigator completed a signs and symptoms
check. Blood pressure, heart rate, perceived exertion, and
oxygen saturation were documented by the investigator. The
participant was then asked to stand up and sit down from a
sturdy chair for 1 minute while being monitored by a trained
study member. The number of sit-to-stands performed in 1
minute was recorded. The participant’s heart rate was monitored
continuously throughout the test, and heart rate and blood
pressure was taken and documented immediately after the
assessment and after 5 minutes of seated rest and was continued
monitored until the participant returned within 20% of their
baseline measurement. Heart rate recovery was also recorded
at minute 1 and minute 2 after test cessation.

In the remote group, we were also able to measure heart rate
variability. Heart rate variability was assessed at rest and during
the 1-minute Sit-to-Stand Test using the ActiGraph GT9X Link,
paired with a wireless heart rate monitor (POLAR Inc) that
generated beat to beat intervals (RR interval), an approach
demonstrated to be comparable to an electrocardiogram for
heart rate variability measurement [34]. For analysis, data will
be then transferred to a computer using the CentrePoint system.
All RR data will be manually reviewed by trained team
members. Heart rate variability measures will include time and
frequency domains and spectral and nonlinear indices [35,36],

calculated offline using Kubios and Cardioedit/Cardiobatch
software [37].

Secondary Outcome Measures

Functional Mobility and Postural Control
Participants underwent a functional evaluation to assess the
influence of physical exercise on gait and mobility, postural
control, and cognitive-motor interference.

Functional Assessment (Gait and Mobility)
Participants were outfitted with wireless accelerometers
(Mobility Lab System, APDM Wearable Technologies Inc)
secured with Velcro straps to the wrists, ankles, sternum, and
lower back. Then, the Timed Up-and-Go (TUG) test, 90-second
trials of walking, and standing postural control were
administered following these procedures:

• The TUG test is a valid and reliable test of mobility [38]
that requires participants to stand from a chair on command,
walk 3 meters, turn around, walk back to the chair, and sit
back down. The TUG was performed under 3 conditions:
2 trials of normal walking (regular pace) TUG single-task,
2 trials of fast walking TUG single task, and 2 trials of TUG
dual task. For the TUG dual task, the participants were
given a 3-digit number at the beginning of the trial and were
instructed to perform serial 7 subtractions while walking
during the test. For the TUG dual task, a dual-task effect
was computed as the percentage change of the TUG dual
task from the TUG single task, and the cost of the cognitive
task in combination of the motor task was used to reflect a
cognitive-motor interference [39].

• Four trials of the 90-second walking were completed along
a 35×4 m indoor hallway to assess gait under normal and
cognitive dual-task conditions. Cognitive dual-task
conditions included dual-task walk, dual-task walk with
priority on walking, and dual task with priority on the
cognitive task. The cognitive dual task was to verbalize
serial subtractions of 7 from a random 3-digit number.

• Postural control was assessed by measuring postural sway
(ie, center-of-pressure fluctuations) during six 30-second
trials of standing—2 with eyes open, 2 with eyes closed,
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and 2 while performing the serial 7 subtraction cognitive
task.

Remote Group
For the remote option, we performed the TUG test as a measure
of functional mobility in all 3 conditions described above:
normal TUG single task, fast TUG single task, and TUG dual
task. The test was completed and supervised via a secured Zoom
platform. The participant was instructed to set up the chair and
measure a 3-meter space with the provided tape measure and
masking tape to complete the assessment in their home. The
investigator guided the TUG procedures and recorded their
performance.

Blood Collection and Genetic Testing
Blood samples were collected to assess peripheral BDNF levels
(pg/mL), VEGF (pg/mL), and high-sensitivity C-reactive protein
(mg/L) concentrations. We also evaluated DNA to assess BDNF,
Val66Met polymorphism, and the presence of apolipoprotein
E e4 allele. We stored blood samples for future examination of
other potential genetic, epigenetic, metabolic, or
proinflammatory markers. Blood samples were delivered to the
lab on ice within 2 hours of collection, centrifuged, and stored
at –80 °C until processing. The blood collection was only
performed on the in-person participants.

Physical Activity and Exercise
The following physical activity and exercise questionnaires
were applied for both in-person and remote groups.

Lifetime Physical Activity Questionnaire
The Lifetime Physical Activity Questionnaire [40] uses
questions about participant physical activity at various times in
the participants’ life. Participants were asked to estimate the
average amount of time each week and the average number of
months each year spent in moderate, vigorous, and other
activities.

Exercise Self-Efficacy
The Exercise Self-efficacy Questionnaire [41] assessed how
sure participants were that they would perform exercise under
different conditions or constraints (eg, how sure you are that
you will exercise when you are feeling tired). Each item
responses varied from 1 (not at all sure) to 4 (very sure).

Exercise Barriers and Motivators
Exercise Barriers Questionnaire [42] assessed participant
agreement of a list of statements about barriers to physical
exercise (eg, I am not sufficiently physically active because I
haven’t any time for physical activity.). Each item responses
varied from 1 (disagree), 2 (partially agree), and 3 (agree).
Participants were also asked to give reasons that help them
remain sufficiently physically active (eg, I have exercise
equipment at home).

Remote Group
Questionnaires were completed by the participant using a
REDCap link sent via a secured email. We also objectively
collected physical activity data with the ActiGraph GT9X-BT
Link.

Physical Activity
An objective measurement of overall physical activity was
collected using the activity monitor ActiGraph GT9X-BT Link,
the gold standard, research-grade, activity monitor. The device
includes a 3-axis gyroscope, magnetometer, and accelerometer
and provided raw data on a variety of objective physical activity,
wear compliance, and sleep measures using validated algorithms
through the CentrePoint platform. The physical activity raw
data included (1) daily activity profile (steps taken, kcals, and
activity counts), (2) activity and sedentary bouts (bouts of
sustained physical activity), and (3) activity intensity (the time
spent within different categories of activity intensity (sedentary,
light, moderate-to-vigorous). The CentrePoint is a cloud-based
data capture and management platform technology that permits
participants to transfer data to the cloud via computer or mobile,
and investigators had the ability to monitor patients remotely
and in near real time to assure they were engaged and compliant
with the protocol. The device was worn on the waist. We
collected data at baseline during 3 to 5 days before exercise
intervention and daily activity data during the intervention.

Wear Compliance
The participants were advised to use the activity monitor all
day long, including sleep time, and only remove it when taking
a shower or swimming. Wear compliance was monitored with
the daily amount and percentage of time the participant wore
the activity monitor. The data were validated if the participant
wore the monitor for a minimum of 12 hours.

Sleep
The Pittsburgh Sleep Quality Index is a valid and reliable
measure broadly used in clinical and research setting that
evaluates sleep quality over the last month, providing an index
of severity and nature of the sleep disorder [43,44].The
Pittsburgh Sleep Quality Index was assessed in both in-person
and remote protocols.

In the remote group, sleep quality was assessed using the
ActiGraph GT9X-BT Link. Daily raw data were collected at
baseline and during the intervention. Sleep data included total
sleep time, wake after sleep onset, and sleep efficiency.

Brain Health Index
We expanded the questionnaires to include a structured survey
used to assess the 7 pillars of brain health (cognitive function,
physical exercise, nutrition, comprehensive health, socialization,
sleep, and vital plan [perceived meaning in life]) developed by
the Barcelona Brain Health Initiative [45]. The questionnaire
includes 52 items with yes or no responses. A percentage
weighted score was used to indicate the brain health index of
the participants.

Depression
For both options (remote and in-person), we used the full version
of the Geriatric Depression Scale. The Geriatric Depression
Scale is a valid and reliable self-reported measure of depression
in older adults and contains a total of 30 items [46].
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Study Feasibility and Adaptability

Adherence to the Intervention

The adherence rate was calculated in both groups by the (1)
proportion of participants who initiated the intervention out of
the total allocated, (2) proportion of participants who completed
the whole planned intervention out of the participants who
initiated the intervention, and (3) total number of days to
complete the intervention from exercise session 1 to session 24.
In both groups, we also assessed the proportion of participants
lost to follow-up, proportion of participants who withdrew, and
proportion of participants who rescheduled sessions and the
average number of rescheduled sessions.

Exercise Intensity Adherence

We calculated the proportion of time spent within the planned
target heart zone (moderate and vigorous intensity) for each
session (24 in total), for each participant, and the average of
participants for each group.

Adaptability of the Intervention and Assessment Methods

This was assessed by comparing the outcome results of both
groups, and the feedback of the participants. At the end of the
study, participants completed an exit interview that included
questions on their feedback about the intervention and methods.
Examples of specific questions: How difficult was it for you to
use Zoom for testing and exercise sessions? Did you have any
difficulties with the remote program, connectivity, or any of
the technology used within the study?

Technology Compliance

This was assessed in the remote group by evaluating the
compliance report of the activity monitor ActiGraph GT9X
Link generated by the CentrePoint platform: (1) daily use at
baseline and during the intervention, (2) daily validated data
(minimum of 12 hours), and (3) average of daily hours.

Participant Self-Evaluation, Study Feedback, and Plans
for Exercise
After study completion, participants completed an exit interview
containing questions in the following domains: (1) motivation
to join the study, (2) likelihood they would continue exercise,
(3) their plan to continue exercising, (4) types of exercise they
planned to do, (5) confidence to exercise on their own, (6)
dietary changes during the study, and (7) changes experienced
during the course of the intervention (eg, energy level, thinking,
memory, motivation, fitness, and others).

We also asked their feedback about the study. Questions related
to (1) health problems experienced, (2) importance of procedures
adopted by the study team (eg, trainer, interactions during
session, flexibility of schedule), and (3) what they liked about
the study (eg, being a part of a research study, making a
commitment to exercise).

For the remote group, we asked about their experience with this
modality of study, including (1) difficulty with the remote
procedures (eg, using the computer and other technologies) and
(2) recommendations and suggestions.

Sample Size
With a significance level of .05, an estimated sample of 80
individuals would provide 80% power to detect a Cohen effect
size of 0.36 using a 2-sided paired t test for aim 1, the effect
size associated with improvements in executive function in a
recent meta-analysis of healthy adults aged older than 55 years
[47], and an attrition of 20%, not uncommon in exercise
intervention trials. In addition, a sample of 80 participants would
provide 80% power to detect a correlation of 0.34 between the
change in TMS neuroplasticity and the change in cognitive

performance for aims 2 and 3 and 80% power to detect an R2

of .11 attributed to a genetic modification in the change in
cognitive performance using an F test for aim 4.

Statistical Analysis
Baseline characteristics will be summarized as means and
standard deviations or medians and interquartile ranges for
continuous variables and as frequency and percentage for
categorical variables. Normality for the distributions of
continuous variables will be visually assessed and statistically
tested. If the normality assumption is questionable, Box-Cox
transformation, a logarithmic or square root transformation,
will be used to reduce the skewness in the indicated analyses
or nonparametric tests such as Wilcoxon rank test will be used.
All statistical tests will be conducted against a 2-sided alternative
hypothesis with a significance level of .05.

In the univariate analysis, we will compare the cognitive
performance (overall and by domain) before and after exercise
using paired t test to test for specific aim 1. For specific aim 2,
we will compare neuroplasticity response and cardiorespiratory
response before and after exercise using a mixed effects repeated
measures model. To account for potentially important covariates
in the model (eg, age, sex, race/ethnicity, education), supporting
analyses will control for these factors in a non–time-varying
fashion. For specific aims 3 and 4, we will compare mean
change in cognitive performance across subgroups by genotype
using an F test. In the multivariable analyses, we will adjust for
baseline characteristics (age, sex, race/ethnicity, education)
using mixed effect modeling to quantify improvements in
cognitive performance after exercise (specific aim 1) and
determine an association between changes in neuroplasticity,
cognitive performance, and changes in cardiorespiratory
response (specific aim 3). We will use modification models by
including interaction terms (time-by-genotype) to explore the
relationship between change in cognitive performance after
exercise and BDNF levels, Val66Met, and APOE e4 status
(specific aim 4).

All data entry will be coded and double-entered into an Excel
(Microsoft Corp) spreadsheet for analysis. Exploratory analyses,
plotting, and mixed effects regression analyses will be performed
using Stata statistical software (version 17 or later, StataCorp
LLC).

Results

This study was funded by award number KL2TR002737 from
the National Center For Advancing Translational Sciences of
the National Institutes of Health in September 2018 for 2 years,
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and the protocol was first approved by the University of Miami
IRB in November 2018. The modification of the study
adaptation for a remote version was approved by the IRB in
July 2020. Participants were recruited using an open enrollment
process. A total of 254 individuals were screened for eligibility,
and 75 adults aged 55 years or older were recruited from August
2019 to April 2021. A total of 41 individuals were enrolled in
the in-person protocol, and data were collected between
February 2019 and March 2020. A total of 34 individuals were
enrolled in the remote study, and data were collected between
August 2020 and April 2021. Currently, data are being processed
and analyzed. Results are expected to be published in 3 major
papers in 2021 and 2022.

Discussion

The research proposed in this investigation will advance the
field of exercise and cognition by generating evidence on the
mechanistic action of 8 weeks of moderate to high exercise on
cognitive performance, neuroplasticity and cardiorespiratory
function, and examining potential effect modification of
cognitive response to exercise by endothelial function and
genetic factors. The data generated in these studies will
introduce tangible parameters to guide the development of
personalized exercise prescription models for maximal cognitive

benefit in aging adults. Successful completion of the specific
aims will enable researchers to acquire the appropriate expertise
to design and conduct studies testing personalized exercise
interventions in person and remote delivered, likely to be more
effective at promoting cognitive health in aging adults.

Neuroplasticity assessments are critical to understanding why
some people show greater cognitive response to exercise than
others do, which will then facilitate development of optimal
exercise doses and regimens to achieve maximal cognitive
benefits for each person. Exercise is a low-cost intervention
with an established safety profile, so in addition to advancing
scientific knowledge, the results of the proposed study have the
potential for direct translation into community settings and
eventually to health care policy.

With the addition of the remote group to the study, we intended
to gain valuable data in exercise adherence and feasibility of
the introduction of effective technology aimed at improving
cognitive brain health in the aging population. Given the
increasing use of ubiquitous mobile technologies in aging and
older adults, especially considering the post–COVID-19
pandemic effects, the addition of a remotely delivered clinical
research program facilitated recruitment, addressed barriers to
participation, and accelerated the translation of findings to a
broader audience and clinical application.
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BDNF: brain-derived neurotrophic factor
EEG: electroencephalography
EMG: electromyography
HR: heart rate
IRB: institutional review board
iTBS: intermittent theta-burst stimulation
MEP: motor evoked potential
REDCap: Research Electronic Data Capture
tACS: transcranial alternating current stimulation
TBS: theta-burst stimulation
TMS: transcranial magnetic stimulation
TUG: Timed Up-and-Go
VEGF: vascular endothelial growth factor
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Abstract

Background: Can methods from computational models of decision-making be used to build a predictive model to identify
individuals most likely to be nonadherent to personal fitness goals? Such a model may have significant value in the global battle
against obesity. Despite growing awareness of the impact of physical inactivity on human health, sedentary behavior is increasingly
linked to premature death in the developed world. The annual impact of sedentary behavior is significant, causing an estimated
2 million deaths. From a global perspective, sedentary behavior is one of the 10 leading causes of mortality and morbidity.
Annually, considerable funding and countless public health initiatives are applied to promote physical fitness, with little impact
on sustained behavioral change. Predictive models developed from multimodal methodologies combining data from decision-making
tasks with contextual insights and objective physical activity data could be used to identify those most likely to abandon their
fitness goals. This has the potential to enable development of more targeted support to ensure that those who embark on fitness
programs are successful.

Objective: The aim of this study is to determine whether it is possible to use decision-making tasks such as the Iowa Gambling
Task to help determine those most likely to abandon their fitness goals. Predictive models built using methods from computational
models of decision-making, combining objective data from a fitness tracker with personality traits and modeling from
decision-making games delivered via a mobile app, will be used to ascertain whether a predictive algorithm can identify digital
personae most likely to be nonadherent to self-determined exercise goals. If it is possible to phenotype these individuals, it may
be possible to tailor initiatives to support these individuals to continue exercising.

Methods: This is a siteless study design based on a bring your own device model. A total of 200 healthy adults who are novice
exercisers and own a Fitbit (Fitbit Inc) physical activity tracker will be recruited via social media for this study. Participants will
provide consent via the study app, which they will download from the Google Play store (Alphabet Inc) or Apple App Store
(Apple Inc). They will also provide consent to share their Fitbit data. Necessary demographic information concerning age and
sex will be collected as part of the recruitment process. Over 12 months, the scheduled study assessments will be pushed to the
subjects to complete. The Iowa Gambling Task will be administered via a web app shared via a URL.

Results: Ethics approval was received from Dublin City University in December 2020. At manuscript submission, study
recruitment was pending. The expected results will be published in 2022.

Conclusions: It is hoped that the study results will support the development of a predictive model and the study design will
inform future research approaches.

Trial Registration: ClinicalTrials.gov NCT04783298; https://clinicaltrials.gov/ct2/show/NCT04783298

(JMIR Res Protoc 2021;10(11):e29758)   doi:10.2196/29758

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e29758 | p.332https://www.researchprotocols.org/2021/11/e29758
(page number not for citation purposes)

McCarthy et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:marie.mccarthy65@mail.dcu.ie
http://dx.doi.org/10.2196/29758
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

decision-making games; computational psychology; fitness goals; advanced analytics; mobile app; computational modeling;
fitness tracker; mobile phone

Introduction

Background
As a society, we are becoming more sedentary. In some
countries, inactivity levels can be as high as 70%, with 1 in 4
adults and 3 in 4 adolescents not achieving the recommended
World Health Organization (WHO) activity levels [1].
Recommendations for adults are as follows: “at least 150
minutes of moderate-intensity aerobic physical activity
throughout the week or do at least 75 minutes of
vigorous-intensity aerobic physical activity throughout the week
or an equivalent combination of moderate- and
vigorous-intensity activity” [2]. In a press release issued to
celebrate world health data on April 7, 2020, the WHO stated
that approximately 2 million deaths per year are due to low
physical activity. From a global perspective, sedentary behavior
is one of the 10 leading causes of mortality and morbidity [1].
Physical inactivity can significantly affect an individual’s health
and quality of life and increase the probability of developing
several chronic diseases such as heart disease, obesity, high
blood cholesterol, and type 2 diabetes.

Every year, a large section of the global population makes
resolutions that are focused on improved fitness. Unfortunately,
these resolutions are not sustained, with both popular media
and peer-reviewed journals reporting on the low number that
maintain behavioral changes. Popular media report dramatic
figures, including an analysis by Strava of their global
membership data, revealing that January 17, 2020, was quitters
day, the day individuals are most likely to give up their New
Year’s resolutions [3]. Similar statistics have been reported for
gym membership and use. A review by Sperandei et al [4] of
over 5240 gym members revealed a dropout rate of 47% by the
second month, 86% by the sixth month, and 96% by the 12th
month. These figures were reinforced by a Spanish study of
14,522 gym members, which revealed that between 47.3% and
56% dropped out over the course of a year [5].

Nevertheless, despite the health impacts and our good intentions,
the questions remain: why do so many start but abandon their
fitness regimens? What factors impact this nonadherence to
self-made fitness goals, and can we use computational models
of decision-making to predict those most likely to give up? Does
the issue reside in the resolution itself and tied to that specific
goal-setting activity? Is it down to motivation, behavioral
change, and personality traits, or is it a complex combination
of the aforementioned factors? This study’s unique value is the
combination of computational psychology methods, personality
traits that have been shown to correlate with healthy behaviors,
and behavioral change with objective physical measurement
using a fitness tracker. The study hypothesis hopes to show that
using a decision-making game, combined with contextual
insights from personality traits, a predictive behavioral model
can be built that can be used to identify individuals most likely
to give up personal physical activity goals. The ability to predict

a specific phenotype based on results from the decision-making
tasks, Type D personality, and self-efficacy will allow targeted
motivational health interventions. These personality traits will
be described in greater detail in the following sections.

Goal-Setting
Goal-setting is seen as an essential factor in commencing and
sustaining health behaviors [6]. A significant body of work
focuses on goal-setting as a strategy for promoting sustained
physical activity. The best-known and most widely implemented
is the goal-setting theory developed by Locke and Latham [7],
which is based on the premise that human behavior is
purposefully regulated by an individual’s goal. The successful
outcome of sustained healthy behavioral change is impacted by
the individual constructs of goal-setting theory, such as effort
toward goal-related activities, persistence, and commitment [8].
In a recent reflection, Locke and Latham reviewed 50 years of
the development of the goal-setting theory and reaffirmed that
the approach has “generality across participants, tasks,
nationality, goal source, settings, experimental designs, outcome
variables, levels of analysis, and time spans” [9]. However, the
current school of thought has further refined this approach and
dissected goal-setting into two separate domains of performance
goals and learning goals, with the former more appropriate for
those who are already physically active and the latter more
impactful on novices or those new to physical activity [10].

Self-efficacy
Self-efficacy has been defined as the belief in one’s capabilities
to organize and execute the courses of action required to
manage prospective situations [11]. There has been a
considerable interest in the impact of low self-efficacy on human
behavior, particularly its effects on physical activity levels [12].
A 2012 review by Bauman et al [13] explored 5 separate
categories, which are demographic or biological, psychosocial,
behavioral, social and cultural, and environmental factors, and
identified a positive correlation between self-efficacy and
physical activity. Self-efficacy has been identified as a core
belief that affects each of the basic processes of personal
change. Bandura further described how individuals with low
self-efficacy were more likely to give up [14]. He developed a
targeted questionnaire to measure self-efficacy associated with
reduced physical activity, the 5-item Self-Efficacy for Physical
Activity [15].

Type D Personality
A Type D personality is a term used to describe a personality
type that tends to have negative affectivity and social inhibition
[16]. Denollet [17] developed the DS14, a validated
psychometric measure for assessing negative affectivity, social
inhibition, and Type D personality types, and as early as 1998,
it showed a demonstrable link between Type D personality and
coronary heart disease. According to a 2005 study of over 3800
subjects, this 14-item questionnaire was observed to be stable
over 3 months and not dependent on mood and health status
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[16]. Type D personality has been associated with medication
nonadherence and heart failure [18], coronary heart disease
[19], and type 2 diabetes [20,21]. Several studies have linked
Type D personalities with sedentary lifestyles, including a 2009
study of 564 healthy men that showed that Type D personality
was more common in men with a sedentary lifestyle (45%) than
men who exercised regularly (14%) [20]. Compared with
non-Type D personality types, Type D personality types have
been associated with decreased walking and total exercise [22].
This study of 189 healthy volunteers looked at the relationship
between Type D personality, physical activity, and self-efficacy
and determined that Type D personalities had lower levels of
self-efficacy and engaged in significantly less walking and total
exercise compared with non-Type D personalities [22].

Low self-efficacy has been associated with Type D personalities
in populations with chronic diseases such as type 2 diabetes
[23] and acute coronary syndrome [19].

Status of Change
When exploring physical activity, particularly those individuals
who are embarking on a new exercise program, understanding
an individual’s perspective concerning their status of change
will provide critical contextual insights. The current
understanding regarding behavior change suggests that
individuals need to progress through several changes. The most
widely used model is the status of change model, which forms
part of the 10-stage transtheoretical model [24]. The status of
change model consists of 5 separate stages: “(1)
precontemplation where no intention to change is intended
within the next 6 months, (2) contemplation where change is
intended sometime in the future (usually defined as between 1
and 6 months), (3) preparation where change is intended in the
immediate future (1 month) and steps are taken to help prepare
for change, (4) action where the target behavior has been
modified for <6 months, and (5) maintenance that is the stage
characterized by temporally robust behavior change extending
beyond 6 months” [25]. Individuals are believed to transition
progressively through the various stages. They can regress to
the previous stages. Perhaps it is not surprising that self-efficacy,
a situation-specific construct [26], is believed to change as the
individual moves through the status of change [15,25]. We
selected the WHO physical activity recommendations as a
guideline for this study [27].

Computational Psychology and Decision-making
Games
There has been a growing interest in applying computational
modeling to understand human behavior. The ability to predict
human behavior and understand that drivers behind the
decision-making process have significant application in
adherence to physical activity behavior and relevance when
predicting medication adherence in health care. Decision-making
tasks have evolved within computational psychology to simulate
real-life decision-making and sensitivity to reward and
punishment. As described by Ahn et al [28], the performance
of simulated gambling tasks represents a conglomerate of
psychological processes such as reinforcement learning and
motivational strategies. One of the best-known games is the
Iowa Gambling Task (IGT), developed by Bechara et al in 1994

[29], and has been used extensively to evaluate the
decision-making process. This assessment uses 4 decks of cards
labeled A, B, C, and D. Two decks are good, and 2 are bad. If
the good decks are selected, there are positive outcomes. If the
bad decks are selected, there are corresponding negative
outcomes. Throughout the game, the player learns to select the
positive decks.

In a study by Bechara, a discernible difference in deck selection
was identified when performance of healthy participants was
compared with that of a clinical population. Although initially,
the IGT was used in subjects with damage to the ventromedial
prefrontal cortex, it has been used in a broader range of clinical
patients and healthy populations to detect risky decision-making.
Within the clinical context, the IGT has been used in several
populations where decision-making is impaired, such as
gambling, substance abuse, and several neurological conditions
such as schizophrenia and psychopathy [30] and eating disorders
[31]. Regarding healthy populations, some work has been done
to show a differential response depending on whether individuals
self-select as either an intuitive (affective) decision-making
style or deliberate (planned) decision-making style, potentially
those with a more intuitive decision-making style having greater
success on the IGT [32]. Research in the '80s and '90s suggested
a possible link between negative mood and decision-making
behavior [33,34]. Suhr et al [35] built on these findings and
investigated the impact personality traits have on the IGT’s
performance. In 2007, they published the research results on 87
nonclinical participants, which showed that higher negative
mood correlated with risky performance on the IGT. In 2013,
the team identified a correlation among mood, personality
variables, and deck selection. Although this study did not
identify a link between positivity and a specific deck selection,
less advantageous decks were selected by individuals in a more
negative mood [36]. Although not without distractors, these
findings were supported by the Somatic Marker Hypothesis,
which postulates that emotional defects significantly impact
what is understood as the normal decision-making process [37].
The hypothesis also specifies the number of structures and
operations required for the normal decision-making operations.

Although this is one of the best-known decision-making games,
some limitations have been reported, with some researchers
reporting both interstudy and interindividual variability in
healthy participants. It has been proposed that the IGT lacks an
integrated sensitivity measure [38]. Other contradictory findings
have been reported, which are against the premise that healthy
subjects learn to select decks that yield the highest returns, the
good expected value decks. Several studies have shown that
participants select the less favorable decks with larger penalties
and that there may be a drive to choose more frequent gains and
immediacy of reward rather than long-term outcomes. This is
referred to as gain-loss frequency [39,40] and healthy
participants are influenced by the frequency of losses rather
than the long-term outcomes [41]. In 2013, Steingroever et al
[41] suggested that performance inconsistencies impacted the
value of IGT to measure real-life decision-making. However,
in their aptly named paper, “Who Fails the Iowa Gambling Test
(IGT)?” Suhr et al [42] ascribed several plausible explanations
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to the IGT failed performance in normal populations, including
personality and negative mood.

Several groups have developed strategies to overcome the
limitations of the IGT. There have been numerous evolutions
of decision-making games, such as the Soochow Gambling task
[43]. This is a more symmetrically designed game, with a more
defined expected value between the good and bad decks.
Participants were offered only a single net payoff for each trial.
According to the team that developed the Soochow Gambling
Task, gain-loss frequency rather than expected values guide
decision-makers, this desire for instant gain may explain some
impulsive behaviors in real life [43].

Many researchers have focused on modifying the empirical
cognitive modeling used to identify meaningful signals to
characterize the underlying human behavior behind the tasks’
choices. The established Reinforcement Learning model includes
the Expectancy-Valence Learning model [44] and the Prospect
Valence Learning (PVL) model [45]. Modifications include
PVL-Delta [46], PVL-DecayRI [47], PVL2 [48], and the
Value-Plus-Perseverance model [49]. In 2018, Haines [50]
proposed a model called the Outcome-Representation Learning
model that provided the best compromise among competing
models [50]. This model has been tested in a healthy nonclinical
population and will be one of the leading models used in this
study. Steingroever [51] proposed other novel Bayesian
analyses. To date, most of the models have been trained and
tested in clinical subjects, with few applied to normal nonclinical
populations.

Decision-making games based on game-theoretical ideas, such
as the Prisoner’s dilemma game and the Trust game, which are
reciprocal games involving social decision-making, were
deemed to be outside the scope of this study.

Study Hypothesis
The hypothesis of this study is as follows: combining results
from decision-making tasks, such as the IGT with contextual
insights gleaned from personality trait assessments and objective
data from the physical activity tracker, we can develop a
predictive model that can identify those most likely to give up
their fitness goals. This information has the potential to be used
to create more targeted support to ensure that those who embark
on fitness programs are successful. This study also acts as a
feasibility model to test the deployment of questionnaires and
the IGT using a bring your own device (BYOD) model. The
intention is to incorporate feedback from compliance and
acceptance testing to inform future studies.

Methods

Study Design
This multimodal observational study combines objective sensor
data with decision-making games and contextual personality
traits to identify patterns in exercise decay. The data generated
will build computational models to predict digital personas,
who are most likely to abandon exercise goals.

Recruitment
The study will be advertised on social media, commencing in
2021. This is an entirely virtual, BYOD study design, and
interested individuals without any underlying health issues and
over the age of 18 years will be invited to download the study
app from the Google Play store (Alphabet Inc) and Apple App
Store (Apple Inc). Those who are willing to consent to the study
and own a Fitbit (Fitbit Inc) will be requested to participate in
the study. Once consent is given to participate in the study,
participants will be asked to share their Fitbit data. Physical
activity, sleep, and heart rate data will be shared using an
anonymized token system to ensure that only pseudonymized
data are included in the study. Once the individuals provide
consent to participate in the study and share their Fitbit data,
they will be asked to complete the following assessments:
demographics, Type D personality, goal-setting, and
self-efficacy questionnaire. They will also be asked to perform
decision-making games based on the IGT.

Metrics concerning compliance with each assessment will be
quantified. Data will be captured over 12 months. At the end
of the study period, participants will be sent a notification to
thank them for their participation and a link to where the study
results will be shared once available.

Research Participants
Healthy adults (self-certified) over the age of 18 years who are
embarking on a physical activity regime will be invited to
participate in the study. These subjects need to own their own
Fitbit and smartphone and be willing to participate in the study.

Study Interventions

Study App
The study app was developed by Dublin City University
(AthenaCX, DCU). It allows researchers to rapidly design and
deploy mobile experience sampling apps (iOS and Android),
including integrated consenting and wearable data collection
devices. This will provide the participants with a study overview
in the form of plain language statements and privacy statements
and facilitate the participants e-consent into the study. The app
was designed to ensure that subjects have read the study details
and consented to the study before completing the study
assessments (Multimedia Appendix 1 includes a text sample
from the plain language statement and informed consent in the
mobile app). The participants have the right to withdraw from
the study at any time. The app will be used to deliver the
assessments and provide a link to the decision-making game.
Push notifications will be sent to the participants during the
study, requesting them to complete the assessments at the
required time intervals, as detailed below.

Fitbit
The use of fitness trackers in this study will facilitate the
objective assessment of the participants’ activity patterns and
behavioral changes in exercise. It will also enable the
identification of individuals who already have a well-established
exercise regime. A BYOD approach will be used, and data from
each participant’s Fitbit will be captured. Fitbit devices are a
range of physical activity trackers and smartwatches that
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combine integrated accelerometers and photoplethysmograph
sensors to measure motion and heart rate. Proprietary algorithms
convert the accelerometer data into sleep and activity patterns.
Fitbit devices use Bluetooth low energy technology to
synchronize with the individual’s mobile device and produce
various metrics, including step count, floors climbed, distance
covered, calories burned, active minutes, sleep time and stages,
and heart rate. In this study, a high-frequency intraday data will
be collected using a web-based application programming
interface. These data are highly granular and include 1 minute
and 15 minutes for activity and 1 second and 1 minute for heart
rate.

Assessments

Demographic Information
Participants will be requested to provide details of their age and
sex. The following classifiers will be used: male, female,
self-defined, and prefer not to say.

Self-efficacy Questionnaire
The self-efficacy questionnaire for exercise was based on the
Bandura Exercise Self-Efficacy scale initially developed in 2006
[26], and the original 0 to 100 numerical rating scale was used
(Multimedia Appendix 1). Participants were asked to rate their
degree of confidence by moving a widget across a scale on the
app. A rating of 0 equates to cannot do at all and a rating of
100 reflects complete confidence and participants are highly
certain they can engage in physical activity. Participants will
be requested to complete the self-efficacy questionnaire at the
start of the study and 6 months after the study commencement
(Multimedia Appendix 2 includes the self-efficacy questionnaire
and screenshots of the app).

Status of Change
To ensure that all participants were able to assess their current
activity levels against the same criteria, the WHO physical
activity guidance [27] was included in the instructions for the
stages of change questionnaire. Participants were asked to
consider only planned physical activities aimed at improving
or maintaining physical fitness and health. Active periods should
consist of 150 minutes of moderate-intensity physical activity
(such as a brisk walk) in a week or 75 minutes of
vigorous-intensity physical activity (such as a jog or run) over
the course of a week. Participants will be asked to complete the
status of changes questionnaire at the start of the study and 6
months after study commencement (Multimedia Appendix 3

includes details of the stages of change questionnaire and
screenshots of the app).

Type D Personality Questionnaire
The 14-question Type D personality questionnaire developed
by Denollet [16] will be used in this study. A total of 7 questions
pertain to the negative affectivity domain and 7 to the social
inhibition domain. Each question will be scored on a scale of
0 to 4. The questionnaire will be scored as individual negative
affectivity and social inhibition domains and a composite Type
D personality score. Participants will be asked to complete the
Type D personality questionnaire at the start of the study and
6 months after the study commencement (Multimedia Appendix
4 includes details of the Type D personality questionnaire and
screenshots of the app).

Decision-making Tasks
These tasks will be performed twice during the study. The IGT
will be deployed within the first 3 months and at 6 months.
Participants in the IGT will be given €2000 (US $2314) virtual
money and presented with 4 decks of cards labeled A, B, C,
and D. Each card in these decks can generate wins and can
sometimes cause losses. Participants must choose 1 card from
these 4 decks consecutively until the task shuts off automatically
after 100 trials. In each trial, feedback on rewards and losses of
their choice and the running tally over all trials so far are given
to the participants, but no information is given regarding how
many trials they will play and how many trials they have
completed during the task. Participants will be instructed to
choose cards from any deck and switch decks at any time. They
will also be told to make as much money as possible, minimizing
losses.

Table 1 presents the payoff for the 4 decks. As seen in the table,
decks A and B are 2 “bad decks” that generate high immediate,
constant rewards but even higher unpredictable, occasional
losses. Thus, the long-term net outcome associated with decks
A and B is negative. In contrast, decks C and D are 2 “good
decks” that generate low immediate, constant rewards but even
lower unpredictable, occasional losses. Thus, the long-term net
outcome associated with decks C and D is positive. In addition
to the payoff magnitudes, the 4 decks also differ in the frequency
of losses, that is, decks A and C are associated with a higher
frequency of losses, whereas decks B and D are associated with
a lower frequency of losses. The key to obtaining a higher
long-term net outcome in this task is to explore all the decks in
the initial stage and then exploit the 2 good decks (Figure 1
shows a screenshot of the web-based IGT implemented).

Table 1. Summary of the payoff of the Iowa Gambling Task.

Deck D (good deck with
infrequent losses)

Deck C (good deck with
frequent losses)

Deck B (bad deck with
infrequent losses)

Deck A (bad deck with
frequent losses)

Characteristics

5050100100Reward/trial

1515Number of losses/10 cards

−250−250−1250−1250Loss/10 cards

250250−250−250Net outcome/10 cards
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Figure 1. Screenshot of the web-based Iowa Gambling Task.

Data Analysis and Computational Modeling
This study aims to investigate whether we can predict adherence
to self-made fitness goals and identify potential behavioral
phenotypes based on the changes in the participants’ responses
to a series of validated instruments, including self-efficiency,
status of change, and Type D personality, and their behavioral
performance on the IGT over 6 months. A range of data analysis
techniques will be applied to the collected data to achieve this
goal.

We term the results obtained from questionnaires and
decision-making tasks as predictor variables, whereas the
adherence levels of the participants to fitness goals as target
variables for convenience of description. The first problem that
must be addressed before predicting and clustering is to quantify
both the predictor variables and target variables.

Self-efficiency was measured by an instrument including 18
items using the original 0 to 100 numerical rating scale, where
0 represents cannot do at all and 100 represents high certainty
to do. The Type D personality questionnaire also uses numerical
rating scales, although with different ranges from 0 representing
false to 4 representing true. However, for the Status of Change
questionnaire, the answers were categorical scales of yes or no.
Thus, the one-hot encoding technique, one of the most common
encoding methods in machine learning, will convert the
categorical answers to numerical formats.

To evaluate participants’ performance on the IGT, both
superficial behavioral variables and underlying cognitive
parameters will be summarized and estimated from the
behavioral data set. Specifically, 2 parameters will be measured
in the behavioral summary analysis. The first parameter will be
the total amount of gain by the end of the task, and this

parameter will be used to measure the overall performance of
the IGT. The second parameter will be the IGT learning scores
across the task, that is, the difference between the number of
good deck selections and that of bad deck selections across the
task, used to reflect the learning process in the task. The 100
trial choices will first be divided into five blocks of 20 trials,
each without overlap, and the learning score will be calculated
for each block. As a result, 5 variables (learning scores) will be
created for this measure.

Cognitive parameters that drive the behavioral performance will
be extracted from the cognitive models designed for the IGT.
As mentioned earlier, multiple models have been proposed for
the IGT, including the Expectancy-Valence Learning model,
the PVL-Delta model, the PVL-Decay model, the
Value-Plus-Perseverance model, and the latest proposed
Outcome-Representation Learning model (Table 2 presents the
parameter specifications of the 4 IGT models). The hierarchical
Bayesian modeling method, where both individual and group
parameters (ie, posterior distributions) are estimated
simultaneously in a mutually constraining fashion, will be used
to estimate the cognitive parameters for each model. The models
will be implemented in a newly developed probabilistic
programing language STAN, which uses a specific Markov
Chain Monte Carlo sampler called Hamiltonian Monte Carlo,
to efficiently perform sampling from high dimensional posterior
distributions as specified by the user. After obtaining the fitting
results, model validation will be executed to determine the
winning model, including a one-step-ahead leave-one-out
information criterion and a posterior predictive check. The
parameters of the winning model will then be used as predictor
variables to predict adherence behavior. Thus, the number of
variables obtained here for predicting adherence depends on
which model best fits the data set.
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Table 2. Parameter specifications of the 4 Iowa Gambling Task models.

ParametersNPaModel

N/AN/AN/AN/AcResponse
consistency
(c)

Learning
rate (A)

Loss aversion
(λ)

Outcome
sensitivity
(α)

4PVLb_delta

N/AN/AN/AN/AResponse
consistency
(c)

Decay param-
eter (A)

Loss aversion
(λ)

Outcome
sensitivity
(α)

4PVL_decay

Response con-
sistency (c)

Weight pa-
rameter (w)

Loss impact
parameter
(EPN)

Gain impact pa-
rameter (EPP)

Decay param-
eter (K)

Learning
rate (A)

Loss aversion
(λ)

Outcome
sensitivity
(α)

8VPPd

N/AN/AN/APerseverance
weight (ßp)

Outcome fre-
quency
weight (ßF)

Decay param-
eter (K)

Punishment
learning rate
(A–)

Reward
learning rate
(A+)

5ORLe

aNP: number of parameters.
bPVL: Prospect Valence Learning.
cN/A: not applicable.
dVPP: Value-Plus-Perseverance.
eORL: Outcome-Representation Learning.

Finally, the question arises of how to quantify the target variable,
that is, the adherence behavior, given that various types of
objective fitness data will be collected. We will mainly rely on
the data set of activity patterns and the step counts. According
to the WHO physical activity guidelines, to improve or maintain
physical fitness and health, active periods should consist of 150
minutes of moderate-intensity brisk walking or 75 minutes of
vigorous-intensity jogging or running over the course of a week.
If the participant completes this minimum exercise in a particular
week, their adherence score for this week will be 1; otherwise,
the score is 0. The scores for all weeks will be summed to obtain
a total score to represent the overall adherence level of this
participant.

Making Predictions and Clustering
It is apparent that the numerical predictor variables are measured
at different scales; therefore, a standardization process is
necessary to make the numerical features identical regarding
the range. Z score normalization that scales the value while
considering the SD will be adopted in this case. Finally, a list
of regression algorithms in machine learning will be applied to
the cleaned data set, in which we characterize each participant
with a vector of a certain length. The possible algorithms include
linear regression, rigid regression, lasso regression, and neural
network regression.

In addition, unsupervised learning algorithms that can work
independently to discover patterns and information will be
applied to the data set to identify potential behavioral
phenotypes. The K-means clustering algorithm, one of the
simplest unsupervised learning algorithms, can be used to solve
this problem.

Risks
Participation in this study presents no identifiable risk to the
participants.

Results

This study was funded by the Irish Research Council as part of
an employment-based PhD scholarship. Ethics approval was
obtained from Dublin City University in December 2020. At
manuscript submission, study recruitment was pending. The
expected results will be published in 2022.

Discussion

Overview
The rationale for this study is to determine whether data from
decision-making games and personality traits could predict
individuals most likely to give up on self-determined physical
activity goals. The ability to identify the digital persona of those
most likely to abandon exercise goals has significant value to
those involved in developing targeted support to encourage and
adhere to fitness goals.

Methodological Limitations

Recruitment
Participants will not be incentivized to join the study, and as
such, it may be challenging to reach the recruitment goals. A
rolling strategy will be adopted with regular push notifications
to social media and a dedicated study page established on
Facebook to maximize recruitment. These pages will have
details of the study, the app, and a YouTube instructional video.

Loss of Fitbit Data
All Fitbit devices have a finite internal memory, and intraday
data are stored for 5 to 7 days, depending on the tracker (daily
totals are generally retained for 30 days). If participants do not
regularly synchronize their devices, the data can be overwritten.

Participants may fail to complete the required number of tests
in the IGT to facilitate parameter modeling and derive the
required insights.
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Depending on the number of participants recruited for the study,
the application of deep learning approaches may be limited

owing to the participant numbers and may result in overfitting.
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Abstract

Background: Monetary incentives in research are frequently used to support participant recruitment and retention. However,
there are scant empirical data regarding how researchers decide upon the type and amount of incentives offered. Likewise, there
is little guidance to assist study investigators and institutional review boards (IRBs) in their decision-making on incentives.
Monetary incentives, in addition to other factors such as the risk of harm or other intangible benefits, guide individuals’ decisions
to enroll in research studies. These factors emphasize the need for evidence-informed guidance for study investigators and IRBs
when determining the type and amount of incentives to provide to research participants.

Objective: The specific aims of our research project are to (1) characterize key stakeholders’ views on and assessments of
incentives in biomedical HIV research; (2) reach consensus among stakeholders on the factors that are considered when choosing
research incentives, including consensus on the relative importance of such factors; and (3) pilot-test the use of the guidance
developed via aims 1 and 2 by presenting stakeholders with vignettes of hypothetical research studies for which they will choose
corresponding incentive types.

Methods: Our 2-year study will involve monthly, active engagement with a stakeholder advisory board of people living with
HIV, researchers, and IRB members. For aim 1, we will conduct a nationwide survey (N=300) among people living with HIV to
understand their views regarding the incentives used in HIV research. For aim 2, we will collect qualitative data by conducting
focus groups with people living with HIV (n=60) and key informant interviews with stakeholders involved in HIV research
(people living with HIV, IRB members, and biomedical HIV researchers: n=36) to extend and deepen our understanding of how
incentives in HIV research are perceived. These participants will also complete a conjoint analysis experiment to gain an
understanding of the relative importance of key HIV research study attributes and the impact that these attributes have on study
participation. The data from the nationwide survey (aim 1) will be triangulated with the qualitative and conjoint analysis data
(aim 2) to create 25 vignettes that describe hypothetical HIV research studies. Finally, individuals from each stakeholder group
will select the most appropriate incentive that they feel should be used in each of the 25 vignettes (aim 3).
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Results: The stakeholder advisory board began monthly meetings in March 2021. All study aims are expected to be completed
by December 2022.

Conclusions: By studying the role of incentives in HIV clinical trial participation, we will establish a decision-making paradigm
to guide the choice of incentives for HIV research and, eventually, other types of similar research and facilitate the ethical
recruitment of clinical research participants.

Trial Registration: ClinicalTrials.gov NCT04809636; https://clinicaltrials.gov/ct2/show/NCT04809636

International Registered Report Identifier (IRRID): DERR1-10.2196/33608

(JMIR Res Protoc 2021;10(11):e33608)   doi:10.2196/33608
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incentives; ethics; research participation; stakeholder advisory board; HIV

Introduction

Background
Providing incentives, which are defined as “payment[s]
(including money, gifts, and services) to research volunteers
for participation in studies” [1], is a widely accepted and
common practice in HIV clinical research [2-6]. Although some
research suggests that altruism is a primary motivation for
research participation [3,5,6], incentives are typically necessary
for ensuring sufficient participant enrollment in research [7-9],
including high-risk trials and other studies that may result in
negative health outcomes for participants [10,11]. Although it
is known that the incentives provided among similar studies
can vary greatly [9,12], little research exists on the factors that
are considered important for determining appropriate incentives.
This raises concerns about the possibility of unduly influencing
participation in research due to the type and quality of the
incentives provided [8,13-16].

Many factors influence the type and quality of incentives,
including risks, benefits, burdens, historical precedents, study
procedures, time commitments, study budgets, institutional
review board (IRB) recommendations, advice from other
investigators, and local regulations [9,12-14]. In the field of
HIV treatment and cure-related research, additional factors
regarding incentives are considered, since participants can face
greater than minimal risk (eg, the risk of interrupting HIV
treatment). In HIV cure research, the outlook for direct
individual benefit is low, and participants may face additional
social vulnerabilities (eg, belonging to a sexual minority group
and having a lower socioeconomic status), which can affect
motivations to participate in such research [6,13,16,17]. These
factors emphasize the need for ethical incentive decision-making
guidelines, especially in biomedical HIV research.

Ideally, incentives encourage participation and participant
retention in clinical and behavioral research without causing
undue inducement [9,15,18,19]. However, balance for incentive
types and amounts can be difficult to establish when significant
variability exists across studies. It is important to consider the
spectrum of researchers’ attitudes regarding the ethics of
incentives as well as beliefs about what IRBs permit. This is
reflected by the varying monetary amounts that are approved
by IRBs and issued across similar protocols, especially those
that are issued at the same institution [9]. Other factors could
include study procedures, participants’ setting characteristics

(eg, local norms and the cost of living), and variabilities in
institutional practices [9].

The documentation of incentive types and amounts in
consideration of these factors is lacking [20,21]. The most recent
comprehensive study of payment in US-based research
(conducted in 2005) described 467 publications of clinical
studies, of which fewer than 25% reported payment amounts
[9]. Furthermore, a review by Dickert and colleagues [22]
showed that less than one-fifth of US institutions knew which
of their studies provided payment.

An important topic that will be addressed in our study is the
characterization of undue inducement. Even when institutions
track payments, significant differences often exist in IRBs’
understanding of undue influence, which is sparsely studied
[9,15,21,23]. The Council for International Organizations of
Medical Sciences Guidelines state that “[c]ompensation is not
meant to compensate for the risk that participants agree to
undertake” [24]. However, it is possible that stakeholders
(research participants, IRB members, and study investigators)
may nonetheless believe that an incentive should compensate
for risk and that providing payments is a way of making risks
acceptable to participants [3]. We will explore ethical issues
related to this topic and consider incentives that may be viewed
as too small.

Little is known about the actual effect that incentives have on
clinical research participation. In large part, this is due to a lack
of comprehensive tracking, a lack of mandates for investigators
to record participant payments, and the inconsistent reporting
of incentives in published research manuscripts [25-29]. Even
in multisite or multinational research, wide variability in
incentivizing has been observed. For example, to control over-
and underincentivizing, South Africa developed standardized
payments for participants [30], while Brazil prohibited the
provision of monetary payments for clinical trials [31]. Outside
of these rare cases, the absence of a reference for comparison
burdens researchers with the need to determine appropriate
incentives on a case-by-case basis.

Decisions on acceptable payment should not be made without
a clear understanding of currently offered incentives, or else we
will continue to develop personal biases that are not critically
assessed. Our study aims to lay the groundwork that will guide
this emerging area of inquiry toward the establishment of a
more systematic study that will develop a framework for
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determining incentives. Ultimately, we will provide a resource
so that decisions on incentive types and amounts are guided by
transparent, concrete, and evidence-based decision-making. In
the absence of an incentive decision-making tool, it will continue
to be impossible to determine the equity of incentives that are
offered across similar studies [27].

We are interested to know if stakeholders perceive incentives
as a benefit of research participation. Federal law expressly
prohibits the consideration of providing compensation to offset
risks [1,32]. This is because of concerns that a very risky study
may be perceived as having an acceptable risk-benefit ratio
simply because it pays a lot of money. It is possible however
that participants still consider money to be a benefit of research
participation, at least beyond reimbursement. We seek to
determine if incentives make the perceived risk-benefit ratio
more favorable or acceptable and if they affect the perceived
balance of risks and potential benefits [3,33]. There may be
ethical issues when incentives sway the decision-making
capacities of individuals by making them ignore the risks
involved rather than balance the risks and benefits [17,19,33].
We will also ask stakeholders for specific recommendations to
improve the description of payments in the informed consent
process.

Specific Aims
The specific aims of our project are to (1) characterize key
stakeholders’ views on and assessments of incentives, (2) reach
consensus among stakeholders on the factors that are considered
important when choosing incentives and on the relative
importance of these factors, and (3) pilot-test the use of the

guidance developed via aims 1 and 2 by using vignettes of
hypothetical research studies. These vignettes will present a
variety of HIV research studies that differ in risks, procedures,
and incentives.

The projected outcomes from these aims include the
determination of different stakeholder groups’ views about
incentives, shared decision-making on relevant study factors to
consider when deciding on an ethical incentive, and an
understanding of how well our chosen factors predict incentive
decision-making. We hypothesize that potential study
participants make trade-offs based on the characteristics of a
research study when deciding on whether to participate. For
example, after a study’s risks are weighed against the benefits
and incentives offered, a decision to participate will be made.

Methods

Overview
We will use an explanatory, sequential, mixed methods study
design to address each study aim. Specific study activities will
include the establishment of a stakeholder advisory board
(SAB); a national survey of people living with HIV; focus
groups and interviews with key stakeholders; a consumer
marketing experiment (conjoint analysis [CJA]) to understand
the relative importance of different incentive types and amounts
in research participation decision-making; and finally, a pilot
test of ethical decision-making, which will be conducted by
providing case vignettes to stakeholders to determine appropriate
incentives (Figure 1). The study will last 24 months (Table S1
in Multimedia Appendix 1).
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Figure 1. Study aims and process. IRB: institutional review board.

Develop an SAB
We will convene a national, 12-member SAB comprised of
people living with HIV, IRB members, and HIV researchers to
review and provide ongoing feedback and suggestions for the
implementation of each study component. The SAB will meet
each month via Zoom (Zoom Video Communications Inc) for
90 minutes throughout the study period and receive US $30 for
each meeting attended. SAB members will provide their
stakeholder perspective to review and amend proposed study
materials, help make decisions on study procedures, pilot study
activities, and assist with participant recruitment.

Aim 1: Conduct a National Survey of People Living
With HIV
We will conduct a single, internet-based survey with
English-speaking US residents who identify as people living
with HIV. The 20-minute survey will assess demographic
characteristics and how incentives affect the willingness to
participate in HIV research. We will include screening questions
to ensure that each survey respondent meets our inclusion
criteria (Table S2 in Multimedia Appendix 1). Participants who
pass the screening questions and complete the survey will be
compensated with US $7.
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Participants will be recruited through Amazon Mechanical Turk,
and the survey will be programmed into Qualtrics (Qualtrics
International Inc). Amazon Mechanical Turk is a commonly
used platform for recruiting targeted populations and collecting
high-quality data, and it is comparable to US web-based survey
panels [34-36]. We expect that the purposive national sample
will represent people living with HIV who are diverse with
respect to their ages, genders, sexual orientations, races and
ethnicities, times since diagnosis, and histories of participation
in clinical studies. We will analyze survey data by using
Stata/SE 17 (StataCorp LLC). We will calculate descriptive
statistics for all study variables and use linear, logistic, and
multinomial regression models to identify any significant
associations between demographic characteristics and key
dependent variables.

Aim 2: Facilitate Focus Groups and Interviews With
Key Stakeholders
We will conduct 6 focus groups with people living with HIV
(6-10 people per group; up to 60 people in total) to obtain
perceptions on the ethics of incentives in research. We especially
hope to capture the views of historically underrepresented
populations, including older men and women aging with HIV,
cisgender and transgender women living with HIV, and adults
(aged ≥18 years) of color. We will also focus on recruiting
people living with HIV who have comorbid diagnoses of
depression, heart disease, and arthritis to ensure that our results
are applicable beyond HIV research.

Focus groups will last approximately 1 hour and 40 minutes,
will be conducted via videoconferencing, and will be recorded.
Participants without sufficient technology for video streaming
will be permitted to join discussions via phone. Each participant
will receive a US $25 gift card. A key advantage of focus groups
is that they help evoke conversations, but they may also foster
groupthink [37]. We will mitigate this drawback by having a
strong leader who is trained in effective focus group facilitation.
By doing so, we will also ensure the receipt of input from all
participants, help minimize the amount of irrelevant discussions,
and prevent people from speaking over each other. Furthermore,
having a strong focus group leader will help transcriptions run
smoothly and increase the decipherability of audio data. Our
focus group questioning route, as shown in Table S3 in
Multimedia Appendix 1, will mirror the key domains in the
national survey and the interviews to allow for the triangulation
of data. The SAB will review the focus group script prior to
IRB submission and implementation.

To obtain perceptions on the ethics of incentives in research,
we will conduct 12 key informant interviews (with up to 36
informants in total or until thematic saturation is achieved) with
each of the following three stakeholder groups: people living
with HIV from across the United States, biomedical HIV
researchers, and IRB members and bioethicists. Each interview
will last approximately 1 hour, will be conducted via
videoconferencing, and will be recorded. Interview participants
will receive a US $25 gift card.

Professional informants (eg, biomedical researchers and IRB
members and bioethicists) will be individually interviewed
one-on-one, as we believe that they will be more likely to share

information that they might not openly share with other
participants. Key informant interviews have high data yields,
are easier to coordinate and transcribe, and provide the flexibility
to explore emerging themes while collecting information from
knowledgeable individuals [38,39]. We will develop and adapt
informed consent forms and interview guides for each category
of key informants. The SAB will review the guides prior to IRB
submission and implementation.

The main goal of the data analysis will be to generate a list of
factors that are deemed the most important to consider when
thinking about incentives in HIV research. The qualitative
analysis will rely primarily on grounded theory, which seeks to
understand the realities grounded in the views of study
participants [40]. We will develop a codebook to systematically
analyze the data and identify data-driven (or emergent and
latent) codes [41]. Code development will be an inductive and
iterative process. As relationships among different themes and
subthemes become evident, narratives will be combined into
general concepts to summarize key informants’ perceptions.
We will perform analyses by using MAXDQA software (version
12.1.3; VERBI Software GmbH).

Aim 2: CJA
CJA is a consumer market-based methodology that was designed
to determine the relative “weight” of the characteristics that
influence a consumer’s decision to purchase a product or service.
CJA follows 2 fundamental assumptions. First, when choosing
among very similar products or services, consumers make
choices based on the interconnected (ie, conjoined)
characteristics that make up products and services and make
trade-offs among the characteristics, leading to a product
preference. Second, consumers’product and service preferences
are created in a rational way, and consumers preferentially select
products and services that increase personal benefits and
minimize personal costs. This is referred to as the theory of
random utility maximization [42]. We consider patient partners
to be “consumers” and research studies to be “products” or
“services.” When deciding whether to participate in a research
study, potential participants make trade-offs among the various
study characteristics in a rational way to increase their personal
benefits and decrease their personal costs.

CJA is methodologically well suited to help us determine which
factors stakeholders consider the most important when choosing
incentives and the relative importance of these factors, as this
type of analysis can be conducted to efficiently measure the
degrees of influence that different factors have on a respondent’s
decision-making [43]. Furthermore, CJA has been used to
effectively predict preferences for and the acceptability of a
wide range of medical services and constructs, including disease
treatments and health care systems [44-53]. It has also been
used to predict real-world outcomes, such as patients’ actual
HIV medication choices [54], and in the assessment of
hypothetical biomedical HIV interventions [55,56].

The ability of CJA to accurately reflect and predict consumer
preferences is heavily dependent on the type of people
participating in the CJA experiment and the selection of study
characteristics. The participants in our CJA experiments will
be people who have participated or would consider participating
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in biomedical research, thereby increasing the generalizability
of the results to a real-world setting. Each attribute will have
different values (referred to as levels in CJA) from which
participants must choose. For example, the risk characteristic
may have 3 levels—no risk, minimal risk, and moderate
risk—whereas the incentive received per clinical study
interaction may have the values none, US $50, or US $100. The
attributes and levels used in our CJA exercises will be
determined via extensive consultation with our SAB, people
living with HIV, IRB members and bioethicists, and researchers
and after a thorough review of relevant research literature.

The selected attributes and levels will be programmed into
Sawtooth Software’s choice-based conjoint program (Lighthouse
Studio 9, version 9.11.0). Participants in the CJA will be asked
to complete an exercise in which they are presented with
multiple hypothetical studies or scenarios and must decide
whether they would consider participating. Each hypothetical
study will be presented as a finite set of attributes that vary in
value, as depicted in Table S4 in Multimedia Appendix 1.
Participants will demonstrate their preferences for these studies
by completing exercises that force trade-offs among similar
studies with the same attributes, but the attributes will differ in
value across the studies. Scenarios will be presented randomly
to prevent order effect bias.

This exercise will allow us to estimate the relative influence
that each attribute has on the decisions of each person
participating in each hypothetical study. For example, the level
of risk associated with participating in a research study may
carry a greater “weight” than that of the frequency of required
study site visits. Data from the CJA exercises will be used to
construct hypothetical scenarios for aim 3.

Aim 3: Develop HIV-Related Vignettes
By using the data collected via aim 2 and the final number of
levels (2-3) per attribute, we will use a factorial design to create
25 hypothetical scenarios (hereafter referred to as vignettes).
For each vignette, the incentive amounts will not be so large or
so small that the answers will be almost unanimous and therefore
predictable. The three research incentive amounts that we
specify will be reasonable choices. A range of US $0 to US
$20,000 is consistent with the studies that we identified in the
literature [57-60].

By using the information collected via aims 1 and 2, the SAB
will help develop the vignettes. We will contrast different types
of HIV studies while being mindful of their parameters, such
as study interventions, perceived risks, participant populations,
and the inconvenience of study visits. We will also integrate 3
comorbidities (depression, heart disease, and arthritis) into the
vignettes to observe differences in decision-making that are
beyond the context of HIV. Four key informant interviewees
from each of the three stakeholder groups (people living with

HIV, IRB members and bioethicists, and researchers: n=12)
will pilot-test the 25 vignettes. Participants will select what they
believe is the most appropriate incentive for each hypothetical
HIV-related vignette (Table S5 in Multimedia Appendix 1).
Research participants will receive US $50 as compensation for
participating in this portion of the study. A linear mixed model
[61] will be used to analyze vignette data, and possible censoring
will be handled by using a maximum likelihood approach.

Demographic Data
Demographic information will be obtained from the national
survey respondents, including age, race and ethnicity, the state
of residence, and the level of educational attainment. Interview,
focus group, and hypothetical study scenario participants will
provide demographic data, which will be linked to their
confidential responses for the purpose of understanding
differences in study data based on key demographic variables.
The demographic survey will be completed after consent is
provided and immediately before beginning the interviews,
focus groups, or hypothetical study scenarios. We will perform
standard descriptive, bivariate, and multivariate analyses on
survey data.

Results

We have convened monthly meetings with the SAB since March
2021, and they helped to cocreate all of the study instruments
and informed consent documents. SAB members are currently
assisting with participant recruitment for focus groups and key
informant interviews. We are also collaborating with the SAB
to develop the attributes and levels that will be programmed
into the CJA software. Data collection and analysis are expected
to be completed by December 2022. The dissemination of our
findings will be accomplished through conferences, community
presentations, the sharing of slide sets, and publications.

Discussion

Given the lack of guidelines that can assist researchers in
ethically incentivizing research participants, it is our hope that
the results of our study will establish a paradigm for all future
clinical research. Integrating HIV comorbidities into our study
will assist in this regard. We will gather pertinent information
by interviewing people living with HIV, IRB members,
bioethicists, and HIV researchers and by conducting a CJA to
determine the relative importance that they place on various
study attributes. We will be able to evaluate what factors
influence an individual’s decision to participate in a research
study by testing decision-making in relation to ethical incentives
via HIV-related vignettes. We hope that our findings will
provide robust empirical data that will guide future ethical
incentive practices in clinical research.
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Abstract

Background: Currently, within Australia, 3.6% of all emergency department (ED) presentations are mental health–related.
Information about the context of the person presenting to the ED (beyond immediate needs), including their psychosocial disability
(PSD) National Disability Insurance Scheme (NDIS) plan, is reported as incomplete and fragmented. There are missed opportunities
for early support and care continuity that could potentially inform ED practitioners to revise current practices.

Objective: The aims of this study are: (1) to obtain original data from the lived experience voice of those with the PSD NDIS
plan and their experience when presenting to an ED, (2) to gather information from NDIS service providers to reveal communication
pathways between the ED and NDIS services, and (3) to gain knowledge from ED clinicians around processes for improving
continuity of care and consumer experience.

Methods: This inductive, mixed methods phenomenological study will involve data collection analyzed sequentially, with each
stage informing future stages of the research. Interviews will focus on the lived experience voice exploring concerns that have
led to an ED presentation, alongside an analysis of associated clinical and administrative documentation and communications.
Focus groups with NDIS support workers and support coordinators will provide phenomenological data around the experience
from their perspective. National quantitative surveys among those with a PSD NDIS plan and emergency services clinicians will
provide insight into current practices within community care and ED presentations. The research project design includes a lived
experience advisory group who are assisting with the design of the interview and focus group schedules and national surveys, as
well as in shaping the interpretation of qualitative information. All transcripts will be subject to thematic analysis to understand
individuals’meaning-making of these complex and particular phenomena. The research team includes a lived experience researcher
and a lived experience carer (PhD candidate).

Results: This study is funded by MIND Australia as a PhD industry scholarship, which commenced in April 2020. A systematic
review as a preresearch activity has been completed and is currently under review. The Human Research Ethics Committee of
the University of South Australia has approved this project. An advisory group has been selected, and interview, focus group,
and survey schedules are currently being codesigned. Recruitment will commence in November 2021. It is envisaged that data
collection will be completed by June 2022.
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Conclusions: Understanding the lived experience of the precare, during care, and postcare stages of ED presentations from the
perspective of those with a PSD NDIS plan will inform the research team around current practices and provide information about
improvement for pathways of care for consumers and carers, while also informing health policy.

International Registered Report Identifier (IRRID): PRR1-10.2196/33268

(JMIR Res Protoc 2021;10(11):e33268)   doi:10.2196/33268
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Introduction

In 2018-2019, there were 8.4 million presentations to public
hospital emergency departments (EDs) in Australia, with an
average of 23,000 people visiting the ED every day [1,2]. Of
these, 303,340 (3.6%) presentations to the EDs in Australia
were related to concerns around mental health [2]. In South
Australia, there were 519,607 total presentations at EDs [1],
with 23,739 (4.5%) of peoples’ presentations classified due to
mental health–related distress which represents a 1% increase
compared with the national average [2]. People with mental
health presentations to the ED can have many challenges
cooccurring that have led to an acute crisis. These can include
health issues such as diabetes [3]; mental health comorbidity;
and/or the complexity of a psychosocial disability (PSD) such
as housing instability [4-7], relationship breakdown, substance
use [8], disconnection with support networks, or difficulties
navigating access across multiple services [9]. Those living
with a PSD are among the most disadvantaged in the community
[10], as highlighted in the World Health Organization
QualityRights report: “Ironically, some of the worst human
rights violations and discrimination experienced by people with
mental disabilities, intellectual disabilities and substance abuse
problems are in health-care settings” [11].

People experiencing mental health crisis periodically have the
longest wait times in the ED and, at times, leave before care is
completed [12]. Alternatively, consumers can present to the ED
repeatedly over several days [13]. South Australia has the
longest delay in the country for those presenting to the ED with
mental health concerns (16.5 hours compared to the national
average of 11.5 hours) [12]. Another element of complexity is
that those presenting to EDs may be discharged without
follow-up care arranged [14,15]. Postdischarge from clinical
care represents a time of greater risk of dying by suicide [16,17],
reflecting critical concerns about the quality of support and care
being offered [18]. Generally, continuity of care recognizes that
consumers have relational continuity with providers who are
trusted, provide personalized responses, and have shared
understanding of the person’s goals [19].

Lack of psychiatric beds in hospitals can also be a cause for
delayed care. In 1998, there were 2943 psychiatric beds in
hospitals within Australia, and this number was reduced to 2186
in 2017 [20]. The Organisation for Economic Cooperation and
Development reports that the average per country for psychiatric
beds is 71 per 100,000 individuals, whereas Australia has only
41 psychiatric beds per 100,000 [21] and South Australia has
even less at 30 per 100,000 [9]. As the numbers of psychiatric
beds are reducing and consumers are being increasingly

discharged from the ED to home (to be supported by community
services), the aim of this study is to discover how strategies
used for implementing communication pathways contribute to
continuity of care and improved experience.

In reviewing the evidence of strengthening discharge
communication pathways from the ED to enhance continuity
of care, this work can help to improve connection with
community mental health services and person-centered, or -led
outcomes [22,23]. This research project will obtain data from
three sources via three research collection methods and then
synthesize and triangulate the data.

Methods

Aims
The purpose of this inductive exploratory research study is to
discover, describe, and interpret the perspectives of various
population groups regarding ED mental health care. Within the
context of ongoing disability reform (actively pursued in
Australia since the early 1970s), the construction of the National
Disability Insurance Scheme (NDIS) was created and called for
a “coordinated national approach to improving the delivery of
disability services” [24]. The NDIS has been in existence for 8
years with the initial pilot beginning in 2013 [25]. PSD was
soon added to the NDIS, with streamlined access for people
with a PSD implemented in April 2019 [5,6]. A primary focus
of this study will be to understand and clarify the preferred
communication pathways between the NDIS, ED, and
consumers with a PSD NDIS plan. To inform health policy, this
study will discover and interpret the meaning individuals make
of their experiences, with an interpretive, mainly qualitative,
approach to understanding the life world and meaning-making
of participants with lived experience, their carers, NDIS
providers, and ED clinicians. To inform the study, a systematic
review has been completed by the research team, which has
been submitted to a journal and is currently under review,
addressing the following research question: What evaluated
strategies are used for enhancing clinical outcomes with
communication pathways for continuity of care between the
emergency department and mental health community support
services for people with mental health concerns or who are in
suicidal crisis? (see Multimedia Appendix 1 for a description
of the search strategy).

Research Questions
This study focuses on the following emerging research questions
based on reporting; gaps in the literature; concerns about the
use of isolation and restraint; reports of current practices within
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the ED; along with consultations with people with lived
experience, MIND Australia staff, the research team, and others
in the sector:

1. How do those with lived experience, carers, and families
experience service integration and coordination across
emergency care and their NDIS providers? Are there
concerns and preferences that 1. NDIS providers should be
alert to prior to clients presenting to the ED? Can awareness
of these concerns and preferences be a catalyst to prevent
an ED presentation?

2. What are the barriers to accessing therapeutic treatment
within the ED through the health/disability/mental health
interface (NDIS services and EDs) and how can these be
transcended for improved person-centered care and
recovery?

3. How do emergency care clinicians connect with the network
of NDIS providers in terms of coordination of information;
support; and involvement in assessment, treatment planning,
and transfer of care? What works well? What does not work
well? What could be done better?

Study Design
The study is focused on exploring and interpreting (1) the lived
experience of those with a PSD NDIS plan along with an
analysis of clinical documentation (participant group 1); (2) the
experience of NDIS support coordinator/workers working with
people who have a PSD NDIS plan and how they interact with
the ED, including communication pathways (participant group
2); (3) the national experience of those with a PSD NDIS plan
who present at an ED (participant group 3); and (4) the
experience of clinicians in the ED working with people who
have a PSD NDIS plan, and how they interact with the NDIS,

including communication pathways (participant group 4) (see
Figure 1).

Data collection will first aim to elicit the lived experience voice
of those with a PSD NDIS plan and carers using semistructured
one-to-one interviews (participant group 1). In addition,
documents (clinician letters, guides, NDIS plans) and other
artifacts (eg, electronic messaging) provided to the person
requiring care and/or their carer will also be reviewed to evaluate
clinician communication [26]. The phenomenological
understanding will continue with NDIS support workers and
support coordinators, who will also be recruited to participate
in focus groups to explore the current understanding and practice
of this population group (participant group 2). Finally, the study
will collect national data and understanding from those with a
PSD NDIS plan and ED clinicians (participant groups 3 and 4)
via an online quantitative survey (see Multimedia Appendix 2).

This exploratory study will enable the discovery of paradoxes
and contradictions [27] between three population groups with
four different research approaches (interviews, analysis of
medical correspondence, focus groups, and quantitative surveys)
to compare and contrast themes [28]. An interpretive qualitative
approach is considered appropriate for the first two population
groups to provide data with rich depth. Primarily, lived
experience perspectives, including both consumer and carer
perspectives will be generated via interviews and NDIS support
workers/coordinators (participant group 2) with focus groups.
National quantitative online surveys will be offered to those
with a PSD NDIS plan and clinicians working in EDs to give
them the flexibility to participate in their own time. The different
approaches to the research questions will enable triangulation
of data via a convergence of sight lines to bring depth to the
analysis.

Figure 1. Exploratory research design. PG: participant group.
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Trauma-Informed Approach
This research will be guided by trauma-informed practice
principles [29], as many people living with a mental health
diagnosis are likely to have experienced significant trauma at
some point in their lives, most often during childhood. This will
include seeking to avoid retraumatization of participants by
focusing on their knowledge about service improvement rather
than requiring them to disclose a narrative history of an
unpleasant experience in the ED. Participants will be provided
with a safe environment (physical or digital) and will be
encouraged to bring a support person if that is something they
would like to do. To engender trust, the participants will be
empowered to cease the interview at any time and to not disclose
anything that will cause them distress [30].

The principles behind the 5th National Mental Health and
Suicide Prevention Plan [31] and the South Australian Mental
Health Strategic Plan [32] clearly underpin the need for the
lived experience voice to drive change. This study will align

with that principle and be active in incorporating the voices of
those with lived experience (ie, those with a PSD, the advisory
group, and carers) alongside the mental health workforce. By
engaging with a lived experience advisory group, the research
team will incorporate their specific expertise to design the
interview and focus group schedules and the survey questions.

Recruitment
Recruitment strategies will be developed in consultation with
the advisory group.

Those with lived experience and carers (participant group 1,
approximately n=20: lived experience, n=14, carers, n=7;
participant group 2, n<20; participant groups 3 and 4, n>50)
will be recruited for one-to-one audio-recorded interviews.
Potential participants will be given information and opportunity
to ask further questions from the research team and will be asked
to discuss being involved in the research with their partner,
carer, clinician, or friend. Table 1 summarizes the characteristics
of each group and the inclusion/exclusion criteria.

Table 1. Characteristics and inclusion/exclusion criteria for each participant group.

Exclusion criteriaInclusion criteriaSample and sample
size

Participant
group

Anyone that is unable to give informed consent;
anyone that does not have a psychosocial disability
NDIS plan; anyone that has not presented to the
ED

Aged >18 years; have lived experience and a psychosocial

disability NDISa plan; not in acute care at the time of the

interview; presented to the EDb while on a psychosocial
disability NDIS plan within the last 2 years; or a carer who
will have presented to the ED with a person who has a
psychosocial disability NDIS plan

>20 (lived experi-
ence: n=14; carers:
n=7)

1

Anyone who is not an NDIS support coordinator
or support worker

Aged >18 years; NDIS support workers and support coor-
dinators with experience of intervention with people who
have presented to the ED

>20 NDIS support
workers

2

Same as participant group 1Same as participant group 1>50 individuals on a
psychosocial disabil-
ity NDIS plan

3

Clinicians (including doctors, nurses, psychiatrists,
social workers) who have not worked in the ED
within the last 2 years

Aged >18 years; clinicians (including doctors, nurses,
psychiatrists, social workers) who have attended to those
presenting at the ED with a psychosocial disability in the
last 2 years

>50 clinicians (in-
cluding doctors,
nurses, psychiatrists,
social workers)

4

aNDIS: National Disability Insurance Scheme.
bED: emergency department.

Data Analysis
Audio recordings from interviews and focus group (participant
groups 1 and 2) will be transcribed and thematically analyzed
[28] using NVivo software. Themes will be coded and generated
by two members of the research team. Quantitative data
(participant groups 3 and 4) will be collated and analyzed using
SPSS software.

Results

The results of this study will provide insight for strengthening
discharge communication pathways between EDs and
community mental health services so that these reflect
person-centered and person-led care outcomes [22,23]. Meetings
have commenced with the advisory group to codesign interview
and focus group schedules, along with codesigning the survey

questions. Recruitment for participant group 1 will commence
imminently. It is envisaged that data collection for participant
groups 1 and 2 will be finalized by February 2022. Data
collection for the surveys of participant groups 3 and 4 will be
completed by mid-2022. This study was approved by the Human
Research Ethics Committee of the University of South Australia
(application ID 203626) on April 10, 2021.

Discussion

Strengths and Limitations
A strength of this study is the inclusion of a lived experienced
researcher and a lived experienced carer researcher (PhD
candidate) on the research team. The involvement of a lived
experience advisory group for interview, focus group, and
survey schedule design is another strength of this project. The
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advisory group will be invited to contribute and be named as
authors to the academic papers that will be generated through
this research. This will acknowledge their contribution to the
design of interview, focus group, and survey questions, and
generation of themes from the data. Another strength is that
participant groups 1 and 3 are participants with lived experience.

Limitations include that the codesign focuses on authentically
shared power but is restricted to the context of a PhD training
journey. As this project is a PhD scholarship, true codesign with
a lived experience advisory group cannot occur due to the nature
of the project and that the PhD candidate is required to
demonstrate research skills rather than others doing the work.
Nevertheless, aspects of codesign will be included through
consultation with a lived experienced advisory group.

Practical Significance
The NDIS has been in operation for 8 years. Although PSD was
included in the initial architecture of the NDIS [33], many of
the fundamental design features of the scheme were developed
without reference to the needs of this population [34-37]. This
research project will be the first of its kind in the Australian
context to provide data from the lived experience voice from

those with a PSD NDIS plan from the perspective of presenting
to the ED in a crisis. The results of this project will inform ED
clinicians and NDIS service providers of clearer needs of this
population group, along with guiding pathways for better
continuity of care.

Conclusion
This mixed methods study will triangulate the data from
interviews among those with lived experience, clinical
communications, focus groups with NDIS support workers, and
national quantitative surveys among people with a PSD NDIS
plan and ED clinicians. This inductive exploratory research
study—with an interpretive, qualitative approach—will discover,
explore, and describe the lived experience of those with a PSD
NDIS plan when presenting to the ED, in retrospect, primarily
from the voices of those with lived experience [37].

System encounters, system experiences, and system-wide
processes between the hybrid environment of the ED and NDIS
services will be explored with the goal of describing this
experience and identifying better communication pathways
between the various services to enable those with lived
experience to have improved voice and influence health policy.
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Abstract

Background: During the year 2020, the COVID-19 pandemic spread from China to the rest of the world, which prompted the
world to implement a widespread mandated quarantine or social isolation. The impending uncertainty of the pandemic must have
resulted in a variety of widespread mental health maladies. There has been documentation in the literature about a lot of these in
small populations of the world but limited studies have been conducted in India, leading to limited evidence in the literature.

Objective: The main objective of our study is to investigate the mental health effects that the COVID-19 pandemic has had on
the general population in India both quantitatively and qualitatively. These results will help contribute to reducing the knowledge
gap that is recognized in the literature, which is the result of the unprecedented and novel nature of the pandemic.

Methods: We designed and validated our own questionnaire and used the method of circulating the questionnaire via WhatsApp
(Facebook Inc). WhatsApp is a social media app that is very popularly used in India; hence, it turned out to be an effective medium
for gathering pilot data. We analyzed the pilot data and used them to validate the questionnaire. This was done with the expertise
of our mentor, Nilima Shah, MD (psychiatry). We gathered pilot data on 545 subjects and used the results to determine the changes
that were needed for the questionnaire while simultaneously validating the questionnaire.

Results: The study protocol was approved in September 2020 by the institutional review board at Vadilal Sarabhai General
Hospital, Ahmedabad, Gujarat, India.

Conclusions: The following preliminary assumptions can be made about the study based on the pilot data: the majority of the
survey respondents were male (289/545, 53%), most of them were educated and employed as health care workers (199/545,
36.5%). The majority of the responders were self-employed (185/545, 33.9%), single (297/545, 54.5%), and stayed with their
families (427/541, 79%) for the lockdown, which helped them psychologically. Findings that are specific to mental health have
been elaborated upon in the manuscript. It is evident from the data collected in previous literature that the pandemic has had
significant detrimental effects on the mental health of a vast proportion of the Indian population.
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Introduction

Background
From March 2020 to June 2020, most of the world underwent
social isolation, mandated quarantine, or lockdown to prevent
the excessive spread of and further casualties from COVID-19.
Such isolation has caused a dramatic change in routine
livelihoods. Although the isolation was essential to containing
the disease’s spread, we argue that this drastic change in daily
life must have led to several psychological issues that are mainly
the result of the uncertain nature of the disease; hopelessness
about the future; a lack of motivation due to the existential crisis
posed by the disease; occupational and financial difficulties;
and several novel, day-to-day struggles involving food and
family [1-21].

Our preliminary review of the literature suggests that there has
been a substantial increase in the incidence of mental health
disturbances in people, including symptoms within the full
spectrum of anxiety disorders, depression, acute stress disorder,
posttraumatic stress disorder, and alcohol and substance use
disorders. Numerous other studies have reported an increase in
the incidence of deteriorating work performance; insomnia; and
feelings of fear, apprehension, helplessness, confusion, anger,
and frustration among the general population and frontline health
care workers, and this has been associated with the COVID-19
lockdown [1-5,7]. There is documentation of the increased
incidence of depression symptoms in young and single
individuals. Stressful jobs, exposure to COVID-19 and the risk
of such exposure in the workspace, and forced lockdowns during
the outbreak are some of the major factors that are associated
with the increased reporting of psychological disturbances [3].
The COVID-19 lockdown and the resulting psychological
impact could also have resulted in multiple changes in drinking
habits. We found an increase in the consumption and purchase
(both in-store and web-based purchases) of alcohol, and this
correlates with the increase in the duration of the lockdown.
Individuals with a lower level of education and those with higher
levels of perceived stress have been identified to be at the
highest risk for such behavior [8]. There have also been findings
of improved social support among friends and families during
the lockdown and increased attention to mental health due to
more time being allocated to relaxation during the lockdown
[7].

Given the evidence found in literature and the unique nature of
the COVID-19 pandemic, which has had unique and varied
effects on the general population at the individual level and as
a whole (ie, effects that are not in line with those of any
particular or established clinical syndromes), we want to conduct
a cross-sectional survey of the Indian population with an
innovative, validated questionnaire to assess the mental health
of and psychosocial changes in people who have been affected

by the pandemic. Similar studies are being conducted in various
other regions of the world as well [22].

There is a lack of evidence and research in the literature about
the mental health of the Indian population [20]. This has resulted
in a lack of awareness of the symptoms and presentations of
different mental health disorders in the general public [20].
Therefore, we chose this target population to help us recognize
the culture-specific and general effects that the COVID-19
lockdown and social isolation have had on their psyche. The
data from this study can provide valuable and much sought-after
insight into the mental status of the general public in the South
Asian (Indian) population, which would be useful to mental
health professionals and public health experts when making
informed decisions that would eventually benefit the general
public. Importantly, these interventions need to be based on the
community level, since this is the population level that the
pandemic has affected the most [23]. These changes need to be
similarly reflected at the systemic level in order to maximize
their benefit.

Statement of Purpose
Our study has qualitative and quantitative arms. The qualitative
arm of this study aims to analyze the psychosocial and
behavioral effects of social isolation and mandated quarantine
or lockdown. This arm includes an assessment of the Indian
population’s awareness of and knowledge about COVID-19.
The quantitative arm of the study aims to examine the extent
of the association between psychosocial and behavioral effects
and the various demographic factors of the target population
(eg, age, sex, etc). The main purpose of our study is to determine
the present mental health status of the general population and
the direct effects of social isolation resulting from the
COVID-19 pandemic.

Hypotheses and Aims
Hypothesis 1.1 is as follows: there are multiple adverse
psychosocial and behavioral effects among remote workers,
students, and students transitioning to the workforce that have
arisen because of the COVID-19 pandemic lockdown.

Aim 1.1 is as follows: we aim to qualitatively analyze the
psychosocial and behavioral effects among the target population
via web-based survey forms and present these forms in an easily
readable manner.

Hypothesis 1.2 is as follows: the multiple psychosocial and
behavioral effects are associated with and vary due to the
demographic factors of the target population, such as age, sex,
education level, the area of education, ethnicity, the location of
residence, relationships, and employment status.
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Aim 1.2 is as follows: we aim to quantitatively analyze and
determine the extent of these associations and their statistical
significance.

Objectives
Aim 1.1 will be accomplished by collecting data via the use of
a Google Forms (Google LLC) survey and by using Google
Forms software to present data in the form of different kinds of
charts, such as bar and pie charts. These will be included in the
Tables and Charts section of the poststudy research article. Aim
1.2 will be accomplished by using Stata software (StataCorp
LLC) to analyze the demographic variables across the data on
psychosocial and behavioral effects via methods such as logistic
regression and chi-square analysis. The methods used will
depend on the kinds of variables being analyzed. The results of
this analysis will also be included in the Analysis section of the
poststudy research article.

Methods

Procedures
We used, and want to continue using, the snowball sampling
method. We digitized our validated questionnaire via the use
of Google Forms software. Afterward, we contacted everyone
we knew and sent them links to the Google Forms questionnaire
via different social media platforms and apps, such as WhatsApp
(Facebook Inc), Facebook Messenger (Facebook Inc), SMS text
messaging, and email. We made sure to divide our contacts
before sending out the survey to avoid the duplicity of data, but
there is a certain margin of error that is to be expected with this
method of data collection. This is a limitation of our data
collection method. Further, since Google Forms does not record
IP addresses, there is no way of knowing who filled out the
forms. There is another method that can be used; while
surveying a target population, we can restrict access to Google
Forms and send the questionnaire to members of a particular
group. We attempted to mitigate the error of duplicity by turning
on the “limit to one response” option in the Google Forms
survey settings. This will require survey responders to sign in
with their Gmail or Google accounts before they can respond
to the survey. This can potentially compromise the blinding of
the subjects; however, we can delete respondents’ personal
information on the Google Forms platform to protect privacy
and maintain confidentiality. This will help with gathering more
meaningful data. We want to continue gathering data to create
a large data set with satisfactory power and the required effect
size for conducting statistical analyses.

Setting and Sample
The study is ongoing, and so far, 500 adult and pediatric
individuals (age group: range 15-70 years) have responded to
the questionnaire. We used a cross-sectional study design that
involved the use of the snowball sampling method. We
distributed a questionnaire to known friends, family members,
and colleagues and asked them to pass it on to their
acquaintances. Due to the worldwide pandemic and the need to
reduce the amount of physical interactions with human subjects,
we developed a web-based questionnaire by using Google
Forms. To date, the preliminary data of 500 subjects have been

collected. These data were collected over a period of 40 days
(since October 6, 2020). We want to gather more data once and
if the institutional review board grants their approval.

Inclusion and Exclusion Criteria
The inclusion criteria are as follows: respondents aged >15
years (as approved by the institutional review board) and people
who filled out the entire survey. The exclusion criteria are as
follows: respondents aged ≤15 years and people who did not
fill out the entire survey.

Survey Development
The questionnaire was formed with the help of Google Forms
software. The questions are based on the templates of the
Diagnostic and Statistical Manual of Mental Disorders, 5th
Edition (DSM-5) questionnaire for depression and anxiety; the
Patient Health Questionnaire-9; and the Primary Care Evaluation
of Mental Disorders diagnostic questionnaire. We used the ideas
that formed the basis of the questions in these questionnaires
to address our specific research questions and avoid gathering
unnecessary data. This method of using ideas from standard
forms has been used previously and has been proven to be
effective in answering the desired research questions [6-9]. We
did not want to use standard scales as the answer format because
they are usually harder to interpret and can make the response
process difficult. This is why we used simplified versions of
answer options in our questionnaire.

Questions 1 to 4 have been used to collect basic demographic
information, such as race, age, and the area of residence.
Associations between particular demographic factors and
psychosocial symptoms have previously been demonstrated in
the literature, so we want to take these factors into consideration
in the final data analysis as well [10].

Questions 5 to 7 have been used to collect information regarding
qualifications, the field of work, and employment status. The
rationale behind these questions is that due to recent unforeseen
conditions, many people have lost their jobs or have been
rendered unemployed before they could start new jobs. This
has directly and indirectly affected their mental health, as there
has been an increase in the incidence of mental health disorders,
including anxiety and depression, resulting from feelings such
as the loss of control, hopelessness, the hyperawareness of
economic losses [11,12].

Questions 6 to 8 pertain to whom respondents spent the
lockdown period with and their social interactions with relatives,
friends, and other people. These questions enable us to better
understand how these important interpersonal relationships
impact respondents’ mental well-being [13].

With questions 9 to 14, we have tried to capture data on the
changing sleep and eating habits, physical activities, and hobbies
of individuals. These factors are generally reflective of the
mental status of individuals, as evidenced in literature and by
the DSM-5 questionnaire [14,16,17].

Questions 22 to 24 ask about whether individuals or any loved
ones are infected with SARS-CoV-2 and the availability of
adequate testing and treatment options in their vicinity. The
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knowledge of infections occurring anywhere near a person may
cause a state of paranoia, worry, and anxiety [2].

Questions 28 to 29 are about substance abuse during the
lockdown periods. There have been numerous studies that
indicate how social isolation affects the already present habits
of individuals and results in the development of newer habits
of substance abuse as a maladaptive method of coping [4,8,16].
The rest of the questions—questions 16 to 21, 25 to 27, and
30—are about self-reported psychomotor symptoms of
depression and anxiety from the DSM-5 criteria [16,17].

We validated the questionnaire with the help of available pilot
data. We first established face validity via consultation with
Indian experts in the field. Afterward, we cleaned the collected
data by using principal component analysis and calculated the
Cronbach α to establish the internal consistency of the
questionnaire. These methods have been used numerous times
before to establish the validity of an innovative questionnaire
[18]. A statistician assisted us with these techniques.

Data Analysis
We will be using Stata software to calculate power and effect
size and to analyze the trends in mental disorder symptoms,
sleeping and eating habits, physical activity, remote and
in-person social interactions, and the mental state of sampled
individuals during the period of social isolation. We will be
using a mixed methods analysis in the study, that is, the data
will be analyzed both qualitatively and quantitatively. The data
will be used for the qualitative portion of the analysis, and they
will be converted into scores and used as continuous, ordinal,
or categorical variables for the quantitative analysis.

Methods such as univariate and multivariate linear and logistic
regression and chi-square analysis will be used. Subjects are
expected to indirectly benefit from this study due to the general
feeling of being rewarded for being able to help with research
and for being able to advance the fields of social science and
medicine. They are also likely to become more self-aware as
they reflect upon their habits to answer some of the questions.
There are no anticipated risks to the subjects other than the risk
of confidentiality breaches for those from whom birthdates were
collected. We have taken appropriate measures to mitigate this
risk, as shown in the Confidentiality section. Respondents were
not and will not be compensated in any way.

Materials and Devices
The collection of the data was performed by using a survey
instrument. After the data are collected, the generated
spreadsheet will be analyzed by using Stata software.

Confidentiality
No personally identifiable information (eg, the names of
respondents, the address of houses, and any other contact

information) was or will be collected through the use of a survey
instrument. Birthdates were collected from some of the initial
respondents, but these will be used exclusively to determine the
participants’ ages. The birthdates will be destroyed thereafter.

Consent
The terms of consent were explained to participants in the
Description section of the survey. A large portion of the
respondents belong to health care and allied fields (199/545,
36.5%); most of them are doctors and residents. Therefore, they
already possess adequate knowledge about the purposes of the
information collected for a research study. The rest of the
respondents (346/545, 63.5%) were informed at the time of
approach, and any pertaining questions were answered. Since
filling out the form is optional and voluntary, consent is implied
when a completed form is submitted. The exact paragraph that
is presented in the form is shown in the Questionnaire section.

Data Collection
The Google Forms software collects data automatically from
the web-based survey instrument and converts responses from
each corresponding question into a chart, table, or graph
according to the most suitable method for pictorial
representation. The software also generates a spreadsheet that
contains all of the individual elements of information collected
from a single survey (ie, in individual cells under columns and
within rows). Individual entries from each survey form for
further data analysis via varied methods are also available in
this software.

Questionnaire
The paragraph used for explaining consent is stated verbatim,
as follows:

Title: Psychosocial and behavioral effects of
Lockdown

Paragraph for consent: This form is for a research
study to assess the psychosocial and behavioral effects
of remote workers, students, and students in the
transition to working due to graduation in the summer
of 2020; in the lockdown or self-mandated quarantine
due to COVID- 19 pandemic. It should take about
15-20 mins to fill out. We greatly appreciate you
taking out the time to fill out this form and
contributing to society and the field of science.

IMPORTANT: Your name is not required as a part
of the survey and all the information you fill out will
remain strictly confidential.

In Figure 1, the layout of the actual questionnaire is explained
with the use of a simplified flowchart.
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Figure 1. Questionnaire layout. DSM-5: Diagnostic and Statistical Manual of Mental Disorders, 5th Edition.

Results

This study protocol was approved by the institutional review
board at Vadilal Sarabhai General Hospital, Ahmedabad,
Gujarat, India, on September 11, 2020. This study has received
no monetary support. The collection of pilot data was started
on June 10, 2020, and finished on September 15, 2020. The
data of 550 participants were used for the preliminary data
analysis and validation of the questionnaire. The data have been
analyzed in depth with the use of Stata software, and we intend
on publishing the data and the results of deeper statistical
analyses once this protocol has been approved for publication.

Discussion

A number of preliminary conclusions can be drawn by merely
looking at the results data available. An important one is that
33.8% (184/545) of the total study population reported having
high levels of sleep disturbances. Sleep disturbances have been
linked to a decreased need for sleep resulting from less activity
and increased amounts of psychological disturbances, such as
anxiety and depression. Recent evidence from other studies in
the literature has suggested that numerous psychological
problems occur among the general public, health care workers,
and patients with COVID-19 and has emphasized poor sleep
quality, which is the most common psychological morbidity
that has been observed during the COVID-19 pandemic [24].
We found that feelings of anxiety and agitation (183/545,
33.6%), restlessness (159/545, 29.2%), hopelessness and
helplessness (122/545, 22.4%), and not being in control of
anything (138/545, 25.3%) and difficulties with concentrating
(194/545, 35.6%), etc, were reported by a high proportion of
respondents. Irritability (169/545, 31%), the state of being easily
fatigued (107/545, 19.6%), low or depressed mood (143/545,
26.2%), a lack of interest or diminished interest (114/545,
20.9%), the slowing down of thought processes (135/545,
24.8%), and excessive worry over physical appearance (145/545,

26.6%) were among the other psychological problems.
Headaches (119/545, 21.8%), muscle tension (46/545, 8.4%),
and heavy legs (58/545, 10.6%) and arms (20/545, 3.7%) were
the least commonly reported psychological comorbidities.

Numerous other surveys have reported that a majority of
households in India do not have access to high-quality foods
such as vegetables and dairy products. An overwhelming
majority of Bangladeshi people in low-income groups have
reported that the pandemic has affected their livelihoods and
have recorded high stress scores in addition to other negative
psychosocial outcomes resulting from the worries regarding
their livelihoods. Low socioeconomic classes have lower rates
of financial literacy and lesser savings due to having the highest
reliance on daily income [25].

COVID-19–related fear, moderate to severe depressive
symptoms, and moderate to severe anxiety symptoms have been
reported in other surveys and documented in the literature. The
incidence of psychological disturbances has been reported and
seen to be significantly higher in women. Respondents under
the age of 30 years have reported lower levels of fear and
depressive symptoms and have shown the least amount of social
responsibility. Based on GLM, having a significant other with
COVID-19, being on psychiatric medication, exhibiting safety
and checking behaviors, and complying with guidelines are
associated with higher levels of COVID-19–related fear. A
linear regression analysis revealed that gender, age, and
depressive and anxiety symptoms affect levels of
COVID-19–related fear [26].

The results from our survey and all of the other evidence in the
literature are proof that we need to direct our attention and health
care resources toward the mental health of the population.
Improving mental health can potentially to lead to increased
motivation, willpower, and mental strength, which are some of
the factors that can result in increased productivity and an
overall better quality of life among the general population. Since
our survey results are self-reported, they are limited by the lack
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of objectivity in the survey’s measures. However, the quality
of life and psychological well-being of a person are personal
issues that can vary from person to person. More detailed studies
that are specifically tailored to an individual’s and target

population’s mental well-being are required. Such studies would
tremendously help with understanding the human psyche and
aid researchers with making contributions to scientific literature.
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Abstract

Background: Crisis Resolution and Home Treatment (CRHT) teams represent a community-based mental health service offering
a valid alternative to hospitalization. CRHT teams have been widely implemented in various mental health systems worldwide,
and their goal is to provide care for people with severe acute mental disorders who would be considered for admission to acute
psychiatric wards. The evaluation of several home-treatment experiences shows promising results; however, it remains unclear
which specific elements and characteristics of CRHT are more effective and acceptable.

Objective: This study aims to assess the acceptability, effectiveness, and cost-effectiveness of a new CRHT intervention in
Ticino, Southern Switzerland.

Methods: This study includes an interventional, nonrandomized, quasi-experimental study combined with a qualitative study
and an economic evaluation to be conducted over a 48-month period. The quasi-experimental evaluation involves two groups:
patients in the northern area of the region who were offered the CRHT service (ie, intervention group) and patients in the southern
area of the region who received care as usual (ie, control group). Individual interviews will be conducted with patients receiving
the home treatment intervention and their family members. CRHT members will also be asked to participate in a focus group.
The economic evaluation will include a cost-effectiveness analysis.

Results: The project is funded by the Swiss National Science Foundation as part of the National Research Program NRP74 for
a period of 48 months starting from January 2017. As of October 2021, data for the nonrandomized, quasi-experimental study
and the qualitative study have been collected, and the results are expected to be published by the end of the year. Data are currently
being collected for the economic evaluation.
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Conclusions: Compared to other Swiss CRHT experiences, the CRHT intervention in Ticino represents a unique case, as the
introduction of the service is backed by the closing of one of its acute wards. The proposed study will address several areas where
there are evidence gaps or contradictory findings relating to the home treatment of acute mental crisis. Findings from this study
will allow local services to improve their effectiveness in a challenging domain of public health and contribute to improving
access to more effective care for people with severe mental disorders.

Trial Registration: ISRCTN registry ISRCTN38472626; https://www.isrctn.com/ISRCTN38472626

International Registered Report Identifier (IRRID): DERR1-10.2196/28191

(JMIR Res Protoc 2021;10(11):e28191)   doi:10.2196/28191
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Introduction

Over the last three decades, mental health care in many Western
societies has been characterized by a strong emphasis on the
sociopsychiatric approach [1]. This has contributed to a radical
process of deinstitutionalization (ie, the decline in the number
of beds) and transinstitutionalization (ie, an increase in the
number of mental health beds in general hospitals and nursing
homes) through the establishment of patient- and
community-focused mental health care services [2-4]. This shift
represents a move away from a system in which patients’ needs
were determined and met by health systems toward a “nothing
about me without me” system, in which patients’
self-determination, as well as service users’ and carers’
experience of care are considered fundamental for the success
of the service provided. Crisis Resolution and Home Treatment
(CRHT) teams are one of several types of community-based
mental health services offering valid alternatives to
hospitalization [1]. CRHT teams take care of people with severe
acute mental disorders that would be considered for admission
to acute psychiatric wards. Their main tasks include assessing
people during a mental health crisis, providing intensive support,
and developing a treatment plan to deliver ad hoc services in
the patient’s home, on a daily basis, until the crisis is resolved
or until the patient is stabilized and can be transferred to
community services or private psychiatrists for further long-term
care. The interventions of CRHT teams are therefore restricted
to acute crises and should not exceed the length of an otherwise
indicated hospital stay (typically no longer than 1 month).

The evaluation of home-treatment experiences shows promising
results. Since the 1960s, several studies, including randomized
controlled trials (RCTs) [5-15] and nonrandomized comparative
studies [16-19], have explored the feasibility of managing
psychiatric crises at home rather than in hospitals. The extensive
literature reviews conducted by Johnson [1], Joy [20], and Burns
[21] highlight that: (1) all the studies investigating outcomes
from precursors of CRHT demonstrated a reduction in admission
rates when home care was available; (2) findings on symptom
severity and social outcomes have been more heterogeneous,
although they generally favored the home-treatment group in
cases where significant differences were reported; (3)
improvements in community-based mental health teams may
lead to greater benefits for patients; and (4) some concerns and
uncertainties exist about the validity of the evidence owing to

some marked differences between the groups recruited in most
studies, in terms of gender, diagnosis, and housing. Further
observational studies also demonstrated a reduction in
readmission rates and a decline in bed occupancy following the
introduction of CRHT [22,23]. Other studies suggested an
overall impact of CRHT in reducing voluntary admissions,
whereas evidence of the impact of CRHT on compulsory
admissions is still limited and requires further investigation
[24,25]. Overall, the inclusion of a psychiatrist within the CRHT
team and the provision of 24-hour service appeared to be
beneficial; however, it remains unclear which specific elements
and characteristics of CRHT are more effective and acceptable,
and whether they are equally effective across patient groups
[26]. The cost-effectiveness of home treatment compared to
inpatient services has never been formally investigated.
Informed decisions by policymakers and relevant stakeholders
are currently hampered by the paucity of studies on relevant
aspects of the CRHT, which is probably also explained by the
practical and ethical difficulties of conducting research in the
area of mental health crisis.

In terms of acceptability among users, only a small number of
studies have investigated patients’ and carers’ opinions in
relation to CRHT services. Nolan [27] explored users’ and
carers’ perspectives on the use of alternative services and found
that most patients had positive views about being treated at
home rather than in hospital, and similar outcomes were
identified by Hopkins and Niemiec [28]. However, potential
drawbacks of CRHT include difficulties in dealing with several
health and social care professionals, discontinuity of care
between CRHT and community mental health care, and a
perceived excessive treatment focus on medication compliance.
As for the impact of CRHT on carers, most of the limited
evidence dates back to the 1980s [29] and the early 1990s [30].
A more recent survey found that up to 55 percent of carers
expressed a preference for home treatment over hospital care
[31]. However, the authors suggested that a longer history of
repeated acute episodes and limited familiarity with innovative
CRHT might have influenced their observations.

In the last 15 years, several CRHT services have been
implemented and tested in Switzerland. In August 2007, for
example, the Canton of Lucerne developed the first CRHT Swiss
service in response to a severe shortage of psychiatric beds.
Findings indicated the feasibility of the service and highlighted
its acceptability by patients and families, as well as its economic
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sustainability [32]. In more recent years, the Canton of Aargau,
the Canton of Zürich, and the Canton of Ticino have launched
their independent CRHT services [33,34]. Compared to other
Swiss CRHT experiences, Ticino represents a unique case,
wherein the implementation of a CRHT team is backed by the
closing of one of the acute wards at the Cantonal Psychiatric
Clinic (CPC), a public psychiatric hospital located in Mendrisio,
Switzerland. The service design and its evaluation are rooted
in the British home treatment experiences [1]. Moreover, a pilot
conducted in late spring 2016 explored the feasibility of
conducting a mixed methods study in order to formally evaluate
the intervention [35]. This study aims to assess the clinical
efficacy of CRHT in Ticino; explore its determinants of
feasibility and acceptability; and evaluate the cost-effectiveness

of CRHT as an alternative to hospitalization to treat acute crisis
for people affected by severe mental health disorders.

Methods

Study Design
This study adopts a mixed methods approach, which includes
a quasi-experimental design and a qualitative study over a
48-month period (see Figure 1). The qualitative and quantitative
approaches are adopted to evaluate the CRHT service from
multiple perspectives, including its cost-effectiveness. The study
has been registered as an interventional, nonrandomized,
quasi-experimental study (registration number
ISRCTN38472626).

Figure 1. Flowchart of the study design. CPC: Cantonal Psychiatric Clinic; CRHT: Crisis Resolution and Home Treatment.

Quasi-experimental study designs allow the research team to
control the treatment, but they do not include random assignment
of participants [36]. In addition, quasi-experimental study
designs use existing or predefined groups; thus, they are often
more convenient and less disruptive than a true experimental
design. In the proposed study, in particular, the recruitment
process typical of an RCT would pose practical and ethical
issues. From a practical perspective, the inclusion of potential
patients outside the Bellinzona area, the northern area of the
Canton (where the CRHT team is based) in the intervention
group would significantly extend the area to be covered by the
new home service. Consequently, this would pose major logistic
issues that could affect the implementation of the CRHT
intervention. From an ethical perspective, the random allocation

process of an RCT would leave potential patients affected by
acute mental disorders without the possibility to choose between
a home-based treatment intervention and hospitalization. A
quasi-experimental study design, on the other hand, allows the
research team to demonstrate causality between the proposed
intervention and a series of predefined outcomes without having
to control the random assignment of participants.

Study Setting
The new intervention is being implemented in the Canton of
Ticino, which has approximately 350,000 inhabitants and is
located in Southern Switzerland. Acute mental health crises are
usually managed by one public hospital and three private clinics.
Three of these structures (ie, the public CPC with 140 beds, the
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Clinica Viarnetto with 45 beds, and the Malcantonese Hospital
with 26 beds) are located in the southern area of the region,
whereas the private clinic of Santa Croce (with 80 beds) is
located in the northern area. In addition, the regional network
of psychiatric services includes four well-established community
mental health teams (eg, sociopsychiatric service [SPS])
available from 9:00 AM to 5:00 PM on weekdays; a service of
Psychiatry & Psychological Medicine (SPPM) available from
8:00 AM to 6:00 PM, providing acute psychiatric consultations
in five different hospitals; and on-call psychiatrists from both
the SPS and the SPPM teams covering psychiatric emergencies
from 6:00 PM to 8:00 AM. One of the CPC wards was closed
to new inpatient admissions and replaced by the newly
established CRHT. Health insurance providers and the Health
Department of the Canton of Ticino have agreed to finance
CRHT for each patient as if they were treated in an inpatient
setting.

Intervention
The CRHT team is based in Bellinzona and cares for patients
aged 18 to 65 years, who would typically be admitted to the
CPC on a voluntary basis. The team is available 24 hours a day,
7 days a week (on call from 10:30 PM to 7:00 AM). The new
service brings together different health and social care
professionals, including 3 physicians (a full-time consultant
psychiatrist, a part-time psychiatrist, and a part-time senior
consultant psychiatrist on call), 10 mental health nurses, 1 team
manager, 1 part-time social worker on call, and 1 part-time
clinical psychologist. Referrals are accepted from general
practitioners, the local community mental health team, accident
and emergency teams, private psychiatrists, and the CPC clinic
in Mendrisio. All patients for whom immediate in-patient
treatment is deemed necessary have access to the new home
treatment service, with the exclusion of people affected by acute
alcohol or drug intoxication, extreme agitation, or those who
could represent a risk for themselves and others. As referrals
may also be accepted by the CPC itself in Mendrisio, patients
are considered eligible for the study only if they stayed in the
CPC for less than 48 hours before being transferred to the CRHT
program. Patients are typically visited at home on a daily basis
for approximately 1 h, with the option for multiple visits a day
(or night), if necessary. Interventions are individually tailored
but include typical components of acute care, such as crisis
intervention, pharmacotherapy, psychoeducation, brief
psychotherapy, and social care. Key elements addressed by the
CRHT include monitoring symptoms; monitoring medication
and side effects; identifying and managing safety or risk issues;
providing emotional, social, and psychological support;
providing carer or family support; liaising with other services
and professionals involved in the process of care; and planning
discharge meetings and follow-ups. The patient is seen with
family members or caregivers from the very beginning, if
feasible. This is because the CRHT team provide patients, family
members, and carers with elements of psychoeducation on
mental health crises along with ways to prevent future relapses
and reduce mental illness stigma. In addition, the team promotes
an active collaboration with the local SPS, general practitioners,
private psychiatrists, and carers to support the long-term needs
of those patients.

Quasi-Experimental Study

Overview
The first part of the study evaluates the clinical efficacy of
CRHT in Southern Switzerland. In particular, patients aged 18
to 65 years living in two areas in Ticino (Bellinzona e Valli and
Lugano) diagnosed with acute mental illness and requiring
hospital admission to the CPC were considered for inclusion.
Patients at high risk of suicide or self-harm, and those with
alcohol or drug problems were excluded from the study.
Compulsory admissions were also excluded from the study.
Patients in the Bellinzona e Valli area were offered the CRHT
service and formed the intervention group; those in the Lugano
area formed the control group and received care as usual (ie,
hospitalization). Preliminary statistical analysis based on
observational data drawn from the CPC database indicates that
there are no significant differences in some important health
indicators (eg, Brief Symptom Checklist [BSCL] and Health of
the Nation Outcome Scales [HoNOS]) between patients living
in these two areas. This increases the comparability between
the two groups and reduces confounding effects [37]. The study
design can, therefore, be considered as a natural experiment
based on geography. To calculate the minimal sample size for
the study, we used the mean and SD values of the HoNOS scale
scores for the experimental and control groups reported in
Johnson’s study [15]. To ensure a statistical power of 80%, at
the 5% significance level for a 2-tailed hypothesis test, the
minimal sample size equals 142. The recruitment period was
of 15 months, and every recruited patient was followed for a
period of 24 months after discharge.

Quantitative data were collected by the CRHT health care
professionals as part of their standard operating procedures for
the storage of clinical information, in line with the CPC’s
administrative and clinical demands. A team comprising a CPC
data manager and researchers from the University of Applied
Sciences and Arts of Southern Switzerland (project partner in
charge of the data analysis) met on a regular basis in order to
monitor the quality of the data collected. The CRHT team
checked the eligibility of all patients from both areas of the
Canton, according to the abovementioned inclusion criteria.
The willingness of patients from Lugano (the northern area) to
accept the CRHT was a prerequisite for the intention-to-treat
(ITT) analysis, although this theoretical acceptance did not
imply any actual assignment to treatment.

Outcome Measures
The primary outcome measures of the study are the number of
inpatient days; total days in treatment and use of other mental
health services; direct costs (treatment and follow-up); and
HoNOS and BSCL scores. The secondary outcome measures
of the study are patients’ satisfaction (PoC-18 questionnaire);
relatives’ satisfaction (PoC-18 questionnaire); occurrence of
serious incidents involving deliberate self-harm and violence
toward others; satisfaction of the CRHT; and number of days
patients were on sick leave and absent from work. Information
regarding important heterogeneity factors, such as gender, age,
level of education, employment status, unhealthy lifestyle, and
the patient’s clinical and social history, including diagnosis and
previous service use, are also recorded.
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Data Analysis
By adopting an ITT approach, the study analyzes all patients
who are enrolled regardless of deviations (ie, drop out, protocol
deviation, withdrawals, and noncompliance) that may occur
after assignment to the treatment and control groups. ITT
provides a more reliable estimate of treatment effect, minimizes
type-1 errors, and preserves sample size. Univariate tests are
used to assess differences between control and treatment groups
for all patients’ characteristics, as well as for clinical and
nonclinical outcomes. A univariate comparison of questionnaire
responders and nonresponders will also be conducted. Following
the assumption of Conditional Geographic Treatment
Ignorability, we estimate the effects of CRHT on the outcome
measures considered by means of generalized linear models
and matching techniques, in order to control for some important
pretreatment covariates (eg, sociodemographic, clinical, and
social variables), with the aim of making treatment and control
groups as comparable as possible and adjusting for potential
confounders [37-39].

Qualitative Study
The recruitment phase of the qualitative study started once the
observational period of the quantitative study was concluded,
in order to avoid potential bias. In particular, the qualitative
study aims to investigate the acceptability of the intervention
among patients and their carers, as well as among health care
professionals of the CRHT team. Further elements to be
explored included the interactions between the CRHT team and
patients, the role of family members involved by the CRHT
team, and the way health care workers collaborated in this new
professional context. Data were collected through individual
semistructured interviews with a purposeful sampling of patients
and their family members and through focus groups with the
members of the CRHT team. Two categories of patients were
considered for inclusion: (1) those who have accepted the CRHT
and have been compliant with it (per-protocol population) and
(2) those who have accepted the CRHT but have subsequently
withdrawn from it (withdrawn population). Patients from these
two groups had a personal experience with the home treatment
service. A comparison between their perspectives is anticipated
to provide highlights on the experience of each group and
potentially reveals the conditions for successful home treatment.
The maximum variation sampling strategy was used in order
to maximize the variability of respondents’ experiences [40].
The sample was thus diversified in terms of sex (men or

women), age (young or old), family situation (living with family
members or not), and psychiatric history (first hospitalization
or not), as we anticipated these four characteristics may
influence patients’ experience. In line with the pilot study
previously conducted [35], we aimed to recruit about 20 dyads
(patients and family members) from the per-protocol population
and about 7 people from the withdrawn population. CRHT
members were asked to participate in a focus group to explore
several aspects, including the challenges of providing such
intervention, how the members of the team collaborate within
the team, and with the psychiatrist services in Ticino, as well
as the forms of collaborations within the team and with the
patients and their families. Focus groups were conducted in the
premises of the CRHT team by a moderator and an assistant
moderator.

Interviews and focus groups were conducted by a researcher
not involved in the home treatment team. Data collection and
analysis for the interviews were conducted simultaneously, until
data saturation was achieved. For this reason, participants were
progressively recruited and interviewed based on the themes
that emerge from the provisional analysis. All the interviews
and the focus groups were audio-recorded, transcribed, and
anonymized.

Economic Evaluation
The last part of the study, for which the data collection is still
ongoing, explores the cost-effectiveness of the CRHT
intervention implemented. The economic evaluation follows
the approach illustrated by McCrone [41]. Direct and indirect
costs are obtained for both the treatment and follow-up phases
(see Table 1). Treatment costs are provided by the CPC, whereas
the follow-up costs are provided by the patients’health insurance
companies. Differences in the health care costs between the two
treatments (CRHT vs hospitalization) are assessed using
bootstrapped clustered regression analysis. Cost-effectiveness
of home treatment are evaluated using cost-effectiveness
acceptability curves (CEACs). CEACs involve the treatment
and follow-up periods, and these are based on the differences
between effectiveness measures and total costs. For the treatment
period, the effectiveness measures will include the reduction in
the HoNOS and BSCL scores at the end of the treatment,
whereas for the follow-up period, the effectiveness measures
will include the total number of days without treatment and/or
other service utilization and the total number of non-inpatient
days registered during the follow-up phase.
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Table 1. Direct and indirect costs for the intervention and control groups.

Control group (hospitalization)Intervention group (CRHTa)Cost type

Direct costs

Total bed cost per day × total number of inpatient days

The total bed cost per day is split into fixed and variable
costs. Variable costs include direct medical (therapies,
medication, staff salaries of carers, etc) and nonmedical
costs (food, accommodation, etc). The fixed cost per bed
and day will be calculated by dividing the total fixed cost
of the service by the number of inpatient days.

Sum of direct medical and nonmedical costs.

Direct medical costs include the same variable cost categories
as for hospitalized patients (therapies, medication, staff
salaries of carers, etc); direct nonmedical costs differ and
are mostly attributable to staff travel costs.

Treatment phase

Same costs for the intervention groupDirect costs in the follow-up phase correspond to direct
medical costs, including the costs of medical consultations,
medical emergencies, hospitalizations, pharmaceutical ther-
apies, etc

Follow-up phase

Indirect costs

Same costs for the intervention groupIndirect costs correspond to the costs of lost production.
During both phases, the number of days of absence from
work will be recorded on the basis of medical certificates
issued. The cost of a day of absence from work will be valued
using a regional age- and gender-specific average salary.

Treatment and follow-
up phases

aCRHT: Crisis Resolution and Home Treatment.

Collaboration
This FORESIGHT (Financial Outputs, Risks, Efficacy,
Satisfaction Index and Gate-keeping of Home Treatment in
Ticino) study is a joint project of the Organizzazione
Sociopsichiatrica Cantonale, the Department of Business
Economics, Health and Social Care of the University of Applied
Sciences and Arts of Southern Switzerland, and Fondazione
Pro Mente Sana. A steering committee that encompasses all
important actors (ie, the main applicant, 3 coapplicants, and
project partner) will facilitate a continuous interaction between
the CRHT team and the researcher team. During the data
collection phase, regular meetings will be held in order to
monitor the progress of the project.

Ethics Approval and Consent to Participate
The project is funded by the Swiss National Science Foundation
as part of the National Research Program NRP74 (grant
407440_167375). The funding body had no role in the design
of the study and collection, analysis, and interpretation of data
and in writing the manuscript. The project is approved by the
regional Ethics Committee (reference 2017-00247) and is
registered as an interventional, nonrandomized,
quasi-experimental study (registration ISRCTN38472626). Oral
and written information was provided to all patients, and written
consent was obtained from all participants.

Results

The project is funded by the Swiss National Science Foundation
as part of the National Research Program NRP74 for a period
of 48 months starting from January 2017. As of February 2021,
data for the nonrandomized, quasi-experimental study have
been collected, and the results are expected to be published by
the end of the year. Data are currently being collected and/or
analyzed for the qualitative study and economic evaluation.
Due to some recruitment issues, the COVID-19 pandemic, and

the ensuing substantially limited access to potential participants
as well as restrictions for meetings and interviews, it was
decided, in accordance with the funding agency, to extend the
project until the end of December 2021. The updated schedule
of the project is presented in a table in Multimedia Appendix
1.

Discussion

Principal Findings
This paper describes the protocol for a mixed methods study
designed to assess the clinical efficacy, acceptability, and
cost-effectiveness of a new home treatment intervention for
people affected by acute psychiatric crises. Compared to other
Swiss CRHT experiences, the CRHT service in Ticino represents
a unique case, as the introduction of the service is backed by
the closing of one of its acute wards. Therefore, this home
treatment experience has the specific characteristic of being
addressed to all patients, with an acute psychiatric crisis living
in the northern area of Ticino and eligible for treatment at home,
rather than a selected subgroup of patients.

Crisis care for service users, where support is provided during
a crisis either in their home or in a community setting, is found
by several reviews to provide a package of support that is
worthwhile, acceptable, and less expensive than standard care
[26,42-44]. In particular, crisis care has the potential to avoid
repeated admissions to hospital and improve the mental state
of services users more than standard care among this group. To
increase the chances of a successful implementation, the CRHT
intervention has been planned and designed together with local
health professionals and the support of the relevant stakeholders
in the Canton.

To our knowledge, this is the first study to implement and
evaluate a CRHT intervention in Southern Switzerland. The
choice of conducting a mixed methods study, which involves
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a quasi-experimental design, a qualitative study, and a
cost-effectiveness analysis, is supported by the idea of evaluating
the CRHT intervention comprehensively and from different
perspectives thanks to the input of a multidisciplinary team. In
addition to gathering preliminary data on the efficacy of this
program for improving health-related outcomes among the target
group, the proposed study also gathers valuable data on program
engagement and experiences in the program among the target
group and their carers. This is important given that only a small
number of studies have investigated patients’ and carers’
experiences in relation to CRHT services. Conducting interviews
with participants (potentially including those who drop out of
the program) will allow the researchers to gain insight into how
people approach the service and live the home visits conducted
by the CRHT team. The proposed study will integrate a
cost-effectiveness analysis to determine the incremental
cost-effect of the program compared to treatment as usual. This
will deliver a preliminary understanding of whether the program
provides value for money compared with hospitalization.

Given this is the first experience of home treatment in Southern
Switzerland, it is anticipated that the findings from this study
will potentially have an extensive impact at the local level. In
particular, these findings will inform the refinement and
extended implementation of CRHT intervention in other areas
of the Canton, as well as the development of ad hoc educational

interventions to train health care professionals, including nurses
and doctors, on crisis interventions and home treatment services.
In addition, thanks to the multitude of data collected, the
research team will be able to draw further recommendation on
CRHT service in terms of clinical efficacy, as well as patients
and providers’ acceptability and cost-effectiveness compared
to the standard inpatient treatment.

Conclusions
The FORESIGHT study aims to address several topics related
to the home treatment of acute mental crisis for which there is
no evidence or consistent findings, specifically, whether the
CRHT service provided in Ticino is clinically effective, the
determinants of its feasibility and acceptability, and the
satisfaction of those that receive and those that provide the
service. This study also has the potential to extend our current
theoretical understanding of the mechanisms of action
underlying home treatment interventions for people affected by
an acute psychiatric crisis. Finally, the study will identify
important results in relation to the CRHT service delivery and
its cost-effectiveness as an alternative to hospitalization for
crisis resolution. Establishing the feasibility and effectiveness
of the CRHT in Ticino could provide a scalable solution for
improving the mental health and quality of life of people with
mental disorders.
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Abstract

Background: There is a dearth of information about “brain fog,” characterized by concentration, word-finding, or memory
problems, which has been listed in the new World Health Organization provisional classification “U09.9 Post-COVID-19
Condition.” Moreover, the extent to which these symptoms may be associated with neurological, pulmonary, or psychiatric
difficulties is unclear.

Objective: This ongoing cohort study aims to carefully assess neurocognitive function in the context of the neurological,
psychiatric, and pulmonary sequelae of SARS-CoV-2 infection among patients with asymptomatic/mild and severe cases of
COVID-19 after remission, including actively recruited healthy controls.

Methods: A total of 150 participants will be included in this pilot study. The cohort will comprise patients who tested positive
for SARS-CoV-2 infection with either an asymptomatic course or a mild course defined as no symptoms except for olfactory and
taste dysfunction (n=50), patients who tested positive for SARS-CoV-2 infection with a severe disease course (n=50), and a
healthy control group (n=50) with similar age and sex distribution based on frequency matching. A comprehensive
neuropsychological assessment will be performed comprising nuanced aspects of complex attention, including language, executive
function, verbal and visual learning, and memory. Psychiatric, personality, social and lifestyle factors, sleep, and fatigue will be
evaluated. Brain magnetic resonance imaging, neurological and physical assessment, and pulmonological and lung function
examinations (including body plethysmography, diffusion capacity, clinical assessments, and questionnaires) will also be performed.
Three visits are planned with comprehensive testing at the baseline and 12-month visits, along with brief neurological and
neuropsychological examinations at the 6-month assessment. Blood-based biomarkers of neurodegeneration will be quantified
at baseline and 12-month follow-up.

Results: At the time of submission, the study had begun recruitment through telephone and in-person screenings. The first
patient was enrolled in the study at the beginning of April 2021. Interim data analysis of baseline information is expected to be
complete by December 2021 and study completion is expected at the end of December 2022. Preliminary group comparisons
indicate worse word list learning, short- and long-delayed verbal recall, and verbal recognition in both patient cohorts compared

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e30259 | p.377https://www.researchprotocols.org/2021/11/e30259
(page number not for citation purposes)

Widmann et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:catherine.widmann@ukbonn.de
http://www.w3.org/Style/XSL
http://www.renderx.com/


with those of the healthy control group, adjusted for age and sex. Initial volumetric comparisons show smaller grey matter, frontal,
and temporal brain volumes in both patient groups compared with those of healthy controls. These results are quite robust but
are neither final nor placed in the needed context intended at study completion.

Conclusions: To the best of our knowledge, this is the first study to include objective and comprehensive longitudinal analyses
of neurocognitive sequelae of COVID-19 in an extreme group comparison stratified by disease severity with healthy controls
actively recruited during the pandemic. Results from this study will contribute to the nascent literature on the prolonged effects
of COVID-19 on neurocognitive performance via our coassessment of neuroradiological, neurological, pulmonary, psychiatric,
and lifestyle factors.

Trial Registration: International Clinical Trials Registry Platform DRKS00023806;
https://trialsearch.who.int/Trial2.aspx?TrialID=DRKS00023806

International Registered Report Identifier (IRRID): DERR1-10.2196/30259

(JMIR Res Protoc 2021;10(11):e30259)   doi:10.2196/30259

KEYWORDS

SARS-CoV-2; COVID-19; postacute COVID-19 syndrome; cognition; neuropsychology; lung; magnetic resonance imaging

Introduction

Background
Prolonged symptoms among patients after resolution of initial
SARS-CoV-2 infection are becoming increasingly salient. In
addition to long-term respiratory problems and chronic fatigue,
patients may also have trouble with concentration and memory
as well as psychiatric or neurological complications [1]. These
may also occur after an asymptomatic course of the infection;
hence, the effect of disease severity remains unclear. One of
the most common self-reported symptoms among patients is
“brain fog,” which is also denoted as “mental fog” or “clouding
of consciousness” [2]. These terms refer to a reduction in
alertness and awareness of the environment, an inability to
concentrate, and confusion, and can have many causes. Although
the term “brain fog” offers an intuitive shorthand for this
experience, it is not an official medical diagnosis with clear
definitions. In addition, the reported frequency of this experience
varies widely depending on the study. These symptoms may
ensue myriad other disorders and dysfunctions, including organ
dysfunctions, psychological burdens, and disorders such as sleep
disturbance and chronic fatigue. Objective data of cognitive
performance after acute SARS-CoV-2 infection is, so far, scarce.

An online patient-led survey of COVID-19 patients (N=3762,
78% women, 1.7% nonbinary) sponsored by University College
London yielded self-reported fatigue, postexertional malaise,
and cognitive dysfunction more than 6 months after initial
COVID-19 infection as the most prevalent symptoms from a
diverse range of other outcomes [2]. Specifically, subjectively
experienced brain fog/cognitive dysfunction was reported by
55.5% of participants and memory problems were self-reported
by 50.5% of participants. However, among the small subset of
those who reported long-term cognitive or memory difficulties
who also had a brain scan, only 13.1% (52/397) revealed
neuroradiological correlates.

Such diverse symptoms are proposed to belong to a syndrome
now denoted variously as “Long Covid” [3], “persistent
post-COVID syndrome” [4], or “post-acute sequelae of
SARS-CoV-2 infection” [5], and affected patients have been
described as “COVID-19 long haulers” [6]. Although

COVID-19 symptoms can now be provisionally classified using
the emergency code “U09.9 Post-COVID-19 Condition” from
Chapter 22 of the International Classification of Diseases as of
January 1, 2021, there are currently no specifications or
consensus definitions other than an assumed postpriori
connection to acute infection. Such manifestations in COVID-19
patients warrant careful study in an objective, quantifiable, and
nuanced manner in the context of possible confounding or
contributing factors.

To our knowledge, objective reports of cognitive outcomes are
still quite limited. A North American University of Washington
study assessed subjective symptoms using an electronic
follow-up questionnaire 3-9 months after the onset of
SARS-CoV-2 infection. This sample included 177 recovered
COVID-19 patients presenting at a specialized clinic (mean age
48.0, SD 15.2 years; 57% women) and a small number of
healthy participants (mean age 50.8, SD 15.8 years; n=21, 52%
women) [1]. The number of inpatients (16/177, 9.0%) was quite
small compared to outpatients (150/177, 84.7%). In addition,
11 (6.2%) patients with asymptomatic courses during the acute
infection phase who never presented at the hospital were
included in the cohort. The most commonly reported symptoms
post-COVID-19 (assessed via self-report) were fatigue and loss
of smell in approximately 14% of patients. Brain fog was present
in a mere 2.3% of the sample. Around a third of patients reported
worse health-related quality of life and approximately 8%
reported difficulty with regard to daily activities, most
commonly household chores. Persistent symptoms occurred
more frequently in those over 64 years of age (13/30, 43%)
compared with patients under 65 years of age (42/147, 29.6%).
The age structure of the total cohort included comparatively
few older patients (30/177, 16.9% of the total cohort), who are
commonly known to have more severe courses of COVID-19
and may be at higher risk of later complications [1].

In contrast to these findings, another North American study
performed at the Northwestern Memorial Hospital, Chicago,
Illinois, analyzed 50 COVID-19 laboratory-positive and 50
COVID-19 laboratory-negative acute cases [2]. All patients
were seen at a specialized neurological COVID-19 outpatient
clinic between May 13 and November 11, 2020. Both groups
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had met the characteristic clinical manifestations of COVID-19
and had neurological complications attributed to a suspected
SARS-CoV-2 infection for up to 6 weeks, such as headache,
numbness, tingling, and fatigue. No demographic differences
were found, with an overall average age of 43.2 (SD 11.3) years,
and 70% were women. The laboratory-positive patients were
examined on average 4.72 (SD 1.83) months after symptom
onset, which was approximately 1 month earlier than the
laboratory-negative group at an average of 5.82 (SD 1.56)
months. Self-reports were used to assess neurological, cognitive,
and quality of life symptoms via a computer-based televisit.
Across groups, patients reported equal amounts of fatigue (85%)
and brain fog (81%), along with depression or anxiety (47%),
which were the most frequent symptoms. Cognitive function
was assessed in person in a subset of 36 patients using the
National Institutes of HealthToolbox v2.1 instrument.
Interestingly, the groups did not differ on any measure of
executive function, attention, working memory, or processing
speed in this study, which may rather reflect the health status
of the comparison group (who may indeed have had undetected
SARS-CoV-2 infections despite laboratory testing). When
positive SARS-CoV-2 patients were compared to matched US
normative data, they performed significantly worse on tests of
attention and working memory by more than half a standard
deviation.

A Zhejiang University School of Medicine in Hangzhou study
of a small group of COVID-19 patients (mean age 47, SD 10.54
years; n=29, 3% women) and controls (mean age 42.48, SD
6.94 years; n=29, 59% women) showed discreet difficulties in
three parameters of sustained attention in a self-administered,
iPad-based online test battery [3]. The tests are part of the
MATRICS Consensus Cognitive Battery validated for the
Chinese population [4]. The neuropsychological data appear to
have been collected in the early postinfection period (ie, 2-3
weeks after infection). It was not reported how many of the
cohort were hospitalized or rather seen in an outpatient setting
nor how severe the initial course of COVID-19 had been.

Further, an Italian study of 38 patients (mean age 53.45, SD
12.64 years; 29% women) assessed patients hospitalized in
Milan between February and April 2020 for complications of
SARS-CoV-2 infection [5]. Neuropsychological testing was
performed at 4.43 (SD 1.22) months after discharge using the
Brief Repeatable Battery of Neuropsychological Tests used in
multiple sclerosis research [6]. Patients were screened
beforehand with the Montreal Cognitive Assessment (MoCA;
cutoff>18.28 points) to exclude those with dementia or cognitive
decline. Slowed cognitive processing speed was identified in
over 40% of patients; delayed verbal recall impairment was
found in 26%, with an overlap in these deficits in 21% of the
cohort. More than 60% of all patients performed below the
normal cutoff score on at least one cognitive parameter. The
average verbal and spatial memory scores were more than half
a standard deviation below the norm mean. The average
cognitive speed score for COVID-19 patients was more than
one standard deviation below the mean of the Italian norm
population [6]. Measures of verbal recall were worse for older
patients over 55 years (n=20) compared to younger patients
with moderate effect sizes, as calculated by us. Importantly, a

subanalysis of 33 (87%) subjects of this cohort was selected
based on the presence or absence of acute respiratory distress
syndrome (ARDS). Those with ARDS (n=12) during
hospitalization were compared to those without ARDS (n=21).
Despite these small samples, remarkably worse performance
for those with ARDS compared to those without were found
(based on our effect size calculations derived from data reported
in the article: verbal long-term storage (Cohen d=1.05), delayed
verbal recall (Cohen d=0.97), and a challenging variant of a test
of speed-dependent sustained attention and working memory
task (Cohen d=2.63).

In addition to respiratory difficulties, which may be linked to
outcomes such as fatigue or brain fog in a very direct manner,
neurological complications of COVID-19 themselves may
confer a higher risk of incurring cognitive difficulties in both
the short and long term [7,8]. Various types of neurological
damage and disease may follow COVID-19 with such diverse
manifestations as chemosensory disorders, muscular damage,
encephalopathy, delirium, coma, meningitis, encephalitis,
cerebrovascular diseases, and peripheral and central
neuroimmunological disorders [7,8]. Neurological damage has
been hypothesized to belong to four types: (1) neurological
consequences of pulmonary disease and associated systemic
disease (systemic inflammatory response syndrome, sepsis);
(2) direct invasion of the virus into the central nervous system
(CNS); (3) those caused by postinfectious, immune-mediated
complications, including Guillain-Barré syndrome or acute
disseminated encephalomyelitis; and (4) peripheral organ
dysfunction or failure [1,3]. Indeed, neurological complications
of COVID-19 may derive from an amalgam of these four types
[8].

Further, psychological distress and psychiatric disorders may
directly relate to worse long-term cognitive performance among
COVID-19 patients; however, it is known that the general
population also presents higher rates of psychiatric burden since
the start of the pandemic. Therefore, there is a need to take
public health aspects of the COVID-19 pandemic into account
in understanding the specific effects of SARS-CoV-2 infection,
which requires active recruitment of control groups since the
start of the pandemic.

A recent retrospective analysis gives indications of newly
diagnosed neurological and psychiatric disease within the first
180 days after SARS-CoV-2 infection (mean age 46, SD 19.7
years; N=236,379, 55.6% women, 0.04% other), which are
directly relevant to the phenomenon of “brain fog” and cognition
[9]. This cohort comprised mostly nonhospitalized patients
(80.4%; mean age 43.3, SD 19.0 years) and around 20%
hospitalized patients (mean age 57, SD 18.7 years). Just under
4% were at the intensive care unit (ICU) (mean age 59.1, SD
17.3 years) and around 3% had encephalopathy (mean age 66.7,
SD 17.0 years). In total, 33.62% (95% CI 33.17-34.07) of
COVID-19 patients had one neurological or psychiatric
symptom, with less than half that number being initial
presentations (12.84%, 95% CI 12.36-13.33) after infection.
Using a propensity-score matching approach, separate
COVID-19 cohorts were compared to cohorts with influenza
or other respiratory tract infections (RTIs). In the matched
comparison of COVID-19 patients (mean age 39.7, SD 18.4
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years; n=105,579, 58.6% women) to a sample of influenza
patients (mean age 38.6, SD 19.7 years; n=105,579, 57.6%
women), a higher hazard ratio (HR) was found for COVID-19
patients for the incidence of any of 14 neurological or
psychiatric outcomes (1.78, 95% CI 1.68-1.89). When compared
to the matched RTI cohort (mean age 46.0, SD 20.4 years;
n=236,038, 56.3% women), the COVID-19 cohort (mean age
45.9, SD 19.7 years; n=236,038, 55.7% women) displayed a
significantly higher HR for any first outcome (1.32, 95% CI
1.27-1.36) [9]. Thus, COVID-19 was associated with a higher
risk for neurological and psychiatric outcomes compared to
rates found in patients with influenza or other respiratory
diseases prior to the pandemic.

Turning to the relevance of assessing post-COVID-19 sequelae
for the world population, other viruses that have run their course,
such as severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS) are valuable sources of
information [10]. Specifically, Ellul et al [10] reported CNS
diseases among 0.04% of SARS and 0.20% of MERS case
counts. The authors extrapolated from the then-current
worldwide minimum COVID-19 case count in July 2020 that
1800-9600 patients worldwide were likely to suffer from CNS
symptoms. The case count has increased to almost 198 million
(as of August 2, 2021) [11], which yields an estimate of
anywhere between 79,000 and close to 400,000 patients
worldwide who may currently have verifiable CNS symptoms
(Table 1).

Table 1. Extrapolations of rates of central nervous system (CNS) complications from COVID-19 according to current case counts using estimates from
Ellul et al [10] based on severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) for selected regions and countries.

Extrapolated CNS complications from COVID-19, nCNS complication base
rate (%) [10]

Disease

BrazilaIndiaaUnited StatesaGermanyaEuropebWorlda

797512,67814,00113,774151179,3350.04SARS

39,87763,39270,00768,8727557396,6730.20MERS

aBased on the COVID-19 web-based dashboard from Johns Hopkins Coronavirus Resource Center accessed August 2, 2021 [11].
bBased on the COVID-19 situation update for the European Union/European Economic Area, as of July 30, 2021 [12].

Although epidemiological models of COVID-19 spread show
the difficulty of knowing how it will continue (eg, drops due to
vaccinations, potential for herd immunity) or what mutations
may portend, it is worthwhile to consider hypothetical future
population saturation rates and their consequences [13]. Based
on the last reported world population estimates from the United
Nations of just over 7.7 billion people [14], and extrapolating
the base rates of CNS complication in SARS and MERS from
Ellul et al [10], we calculated the dimensions of potential CNS
damage for the World, Europe, Germany, the United States,
India, and Brazil, which are listed for the purpose of illustration
in Table 2 (this listing is neither exhaustive nor necessarily

reflective of future outcomes in any given region or country).
A saturation rate of 30% of the world population by the time
the pandemic subsides could lead to between 93 million to
around half a billion CNS symptom sufferers worldwide. A
70% saturation rate by the end of the pandemic could lead to
between around 220 million to almost 1.1 billion CNS symptom
sufferers worldwide. These estimates do not take into account
the symptoms that are harder to objectify but are often reported
by patients after COVID-19, such as fatigue, “brain fog,” or
concentration or memory problems. These estimates also do
not account for neuropsychiatric disorders.
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Table 2. Extrapolations of central nervous system (CNS) complications from COVID-19 based on hypothetical saturation rates of the world population
by the end of the pandemic according to base rate estimates using severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome
(MERS) data [10].

CNS complications based on hypothetical saturation rates, nPopulation size (millions), naPopulation

70% saturation30% saturation

7794.80Global

218,254,40093,537,600SARS (0.04%)

1,091,272,000467,688,000MERS (0.20%)

747.636Europe

20,933,8088,971,632SARS (0.04%)

104,669,04044,858,160MERS (0.20%)

83.7839Germany

2,345,9491,005,406SARS (0.04%)

11,729,7465,027,034MERS (0.20%)

331.00United States

92,680,00039,720,000SARS (0.04%)

463,400,000198,600,000MERS (0.20%)

1380.00India

38,640,00016,560,000SARS (0.04%)

193,200,00082,800,000MERS (0.20%)

1380.00Brazil

5,951,6802,550,720SARS (0.04%)

29,758,40012,753,600MERS (0.20%)

aPopulation mid-2020 estimates from the United Nations [14].

In contrast to these comparatively conservative estimates, Taquet
et al [9] found a much higher base rate of neurological sequelae
of 2.1% following SARS-CoV-2 infections, which may indicate
upward of 4,165,061 cases of neurological sequelae (CNS and
peripheral nervous system [PNS]) worldwide, with around
70,000 in Germany and 750,000 in Europe alone (see Table 3).

This indicates the much higher rates of outcomes extrapolated
to several countries and regions for purposes of illustration (the
list is not exhaustive). A more detailed breakdown of CNS
versus PNS rates is not possible to extract from the reported
data due to multiple comorbidities in the sample population.

Table 3. Extrapolations based on the latest case counts using the base rates from Taquet et al [9] of first presentation of neurological and neuropsychiatric

outcomes after SARS-CoV-2 infection for select regions/countries.a

Case counts, nBase rates
(%) [9]

Neurological and psychi-
atric outcomes

Brazilb

(N=19,938,358)
Indiab

(N=31,695,958)
United Statesb

(N=35,003,546)
Europec

(N=34,435,890)
Germanyb

(N=3,778,277)
Worldb

(N=198,336,258)

418,706665,615735,074723,15479,3444,165,0612.10Neurological

1,720,6802,735,3613,020,8062,971,817326,06517,116,4198.63Any psychiatric disorder
(mood, anxiety, psychotic)

382,816608,562672,068661,16972,5433,808,0561.92Substance misuse

504,440801,908885,590871,22895,5905,017,9072.53Insomnia

2,560,0854,069,7614,494,4554,421,568485,13125,466,37612.84Any first outcome

aThis table is for illustrative purposes only and is neither exhaustive nor necessarily reflective of the future outcomes in any given country or region.
bFrom the COVID-19 web-based dashboard of Johns Hopkins Coronavirus Resource Center accessed August 2, 2021 [11].
cBased on the COVID-19 situation update for the European Union/European Economic Area as of July 30, 2021 [12].

Turning to possible mechanisms of neurological damage that
may lead to cognitive problems, two lines of research should

be highlighted. One is direct infiltration into the brain, possibly
via angiotensin converting enzyme-2 (ACE2) receptors, and
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another is more indirectly due to acute systemic inflammation.
It is known that SARS-CoV-2 viral cells specifically bind to
ACE2 receptors, which are expressed in brain structures such
as the olfactory bulb, hypothalamus, and limbic system [15].
However, to date, there is still no certainty about how or to what
extent SARS-CoV-2 cells may enter the brain directly. Human
autopsy studies show little to no direct infiltration of the brain
[16,17], although a strong and widespread systemic
inflammatory response is apparent [18].

A post-COVID-19 condition may, in fact, reflect more general
phenomena that have been documented in the wake of several
severe inflammatory diseases and syndromes. Based on our
own work among sepsis patients [19], we contend that the
hippocampus may be one of the earliest and most affected
structures of the brain during chronic or acute inflammatory
states due to its particular vulnerability to neuroinflammatory
events. Various animal models of acute systemic inflammation
show cognitive impairment (especially learning and memory)
as well as CNS dysfunction (especially in the hippocampus)
after resolution of the initial inflammatory response [20-23].
This may be due to intimate structural connections between the
limbic system, which undergirds both the emotional response
and several cognitive abilities, and the hypothalamus, which
has a central role in the immune-brain connection [24].

As seen among other inflammatory conditions such as sepsis
and after major surgery or respiratory conditions such as
pneumonia and ARDS, long-term consequences can negatively
affect a person’s life in many aspects [25-29]. Several areas of
daily activities, including employment, education, housework,
and hobbies, can be difficult or impossible years after the initial
inflammatory syndrome has been resolved. The psychiatric
burden (eg, anxiety, depression, posttraumatic stress disorder)
is also known to increase after hospitalization for severe
illnesses, which shows associations with cognitive disorders
[30,31].

Accordingly, a systematic and thorough study of cognitive
ability in the context of neurological and pulmonological
complications, activities of daily living, psychiatric health,
fatigue, sleep, and other key psychological factors is needed to
understand the nature of COVID-19 sequelae. It is therefore
pertinent to first examine cognitive abilities among symptomatic
and mildly symptomatic/asymptomatic patients to characterize
the nature of impairment and its associations with the severity
of acute infection. Second, multiple known potentially
contributing factors such as CNS or respiratory damage need
to be examined. Third, the increased psychiatric burden of the
general population and of COVID-19 patients should be
addressed, as well as general changes during the pandemic,
which requires recruitment of a prospective healthy control
cohort. This is the intention of the pilot study, “Long-term
Consequences of COVID-19 for Pulmonary and Neurocognitive
Disorders (COVIMMUNE-Clin),” outlined herein.

The current understanding of the long-term cognitive sequelae
of COVID-19 is limited. Certainly, it remains unclear whether
cognitive trajectories are stable, fluctuate, or generally improve
or worsen over the long term. There is an urgent need to clarify
the extent to which cognitive changes are due to individual or

collective experiences or to biological changes from
SARS-CoV-2 infection.

Objectives
We will compare the neurocognitive function and pulmonary
sequelae of SARS-CoV-2 infection among patients with
asymptomatic/mild and severe cases of COVID-19 after
remission of infection as well as in comparison to those of
actively recruited healthy controls.

Methods

Research Consortium
This is one of three subprojects within a three-pronged research
consortium entitled “COVIMMUNE-Studies on immune system
function and disease progression of COVID-19.” An investigator
at the University Hospital Bonn leads each subproject. The goals
of the consortium are to understand the interplay of genetic,
epigenetic, and environmental factors that influence innate and
adaptive immune responses to SARS-CoV-2, and their links to
the broad clinical spectrum of COVID-19 and the associated
long-term lung and CNS pathologies.

Ethical Considerations
This study is being conducted according to the World Medical
Association Declaration of Helsinki; the Regulation (EU) No
536/2014 of the European Parliament and of the Council of
April 16, 2014, on clinical trials on medicinal products for
human use; as well as local ethical research guidelines and
research guidelines of University Hospital Bonn (Regulations
for ensuring good scientific practice) and the European General
Data Protection Regulation (EU) 2016/679 [32-34]. The study
protocol was thoroughly reviewed for German data protection
compliance by the local data protection officer prior to
submission for ethical approval. The study protocol was
reviewed by the local Internal Review Board (Medical Ethics
Review Board of the University of Bonn Medical Center, ID
511/20) and final approval was obtained on March 10, 2021.

This study is registered at the German Clinical Trials Registry
(primary registry trial identifier: DRKS00023806; registration
date: March 16, 2021, cross-referenced at the World Health
Organization International Clinical Trials Registry Platform).

This pilot study is being conducted exclusively by trained and
qualified medical investigators, psychologists, and study nurses
who have current Good Clinical Practices certifications.

All participants are informed both in writing (participant
information) and verbally by (medical) study investigators
regarding all important aspects of the study, including risks and
benefits to the individual participant. Participants have sufficient
time to process this information and ask any questions prior to
providing consent. Each participant gives written consent before
taking part in any study-specific procedure. As part of the
informed consent process, participants are made aware of the
rationale for the study; scope of the study; benefits and risks of
study participation; storage and use of data, including data
protection measures within the study; data protection rights; the
right to withdraw consent at any time; and the right to access
their own study data.
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Study Design
This is a monocentric longitudinal prospective cohort study at
the University Hospital of Bonn. Assessments will be conducted
at three time points (baseline, 6 months, and 12 months) for all
participant groups.

Study Population
A total of 150 participants between the ages of 25 to 75 years
will be included in the study. Inclusion and exclusion criteria
for the study are presented in Textbox 1. The first cohort (Cohort
I) will comprise patients after a SARS-CoV-2 infection with
either an asymptomatic course (n=50) or, at most, those who
had symptoms of olfactory or taste dysfunction (anosmia,
ageusia) only; all other symptoms lead to exclusion from this
arm. The second cohort (Cohort II) will include patients after
SARS-CoV-2 infection with a severely affected course (n=50),
defined as having been admitted to hospital (any ward type) for

at least 24 hours due to SARS-CoV-2 infection at any time
during the course of the disease. The third cohort (Cohort III)
is a healthy control group (n=50) with a similar age and sex
distribution to those of the other cohorts, based on frequency
matching. For the healthy control arm, a SARS-CoV-2 rapid
antibody test will be administered at screening to exclude recent
or active infection. We anticipate that the antibody test will
reflect those who have developed SARS-CoV-2 antibodies due
to SARS-CoV-2 vaccination and this will not exclude them
from participation. Further, to exclude those with verbal episodic
memory abnormalities before inclusion in the healthy control
group, the Hopkins Verbal Learning Test will be administered
as a screening method [35]. The exclusion criterion will be
long-delayed verbal recall of less than –1.0 SD below the
age-specific reference norm value. Additional inclusion criteria
for the healthy control group are denial of memory concerns
and no known history or current diagnosis of psychiatric or
neurological illness.

Textbox 1. Summary of inclusion and exclusion criteria.

General inclusion criteria

• written informed consent

• aged 25 to 75 years

• able and willing to participate throughout the study

• fluent German language abilities

Cohort-specific inclusion criteria

Cohort I: Asymptomatic course of COVID-19 (SARS-CoV-2–positive) or mild course (ie, no symptoms other than anosmia and/or ageusia)

Cohort II: severely affected course of COVID-19 (SARS-CoV-2–positive) (ie, requiring hospital stay)

Cohort III: Healthy controls will only be included in the study if they also meet all of the following criteria:

• must perform >–1.0 SD on the Hopkins Verbal Learning Test

• no substance abuse

• no known history of or current diagnosed psychiatric illness

• negative SARS-CoV-2 rapid antibody test at baseline

General exclusion criteria

• inability to give informed consent

• any condition that clearly interferes with participation in the study

• any condition that interferes with the clinical or neuropsychological study procedures

• sensory impairment that prevents or significantly interferes with neuropsychological testing

• contraindication for magnetic resonance imaging

• severe or unstable medical condition

• current major depressive episode

• psychotic disorder, bipolar disorder, substance abuse at present or in the past

• known neurodegenerative disorder (Alzheimer disease, Parkinson disease, frontotemporal dementia, Huntington disease, amyotrophic lateral
sclerosis)

• vascular dementia, history of stroke

• history of malignant disease
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Recruitment Strategy
Two patient cohorts are being recruited directly via letter. The
first cohort derives from the German COVID-19 Case Cluster
Study (Heinsberg Study). This study cohort comprises several
patients severely affected by COVID-19 who are likely to be
at increased risk of subsequent cognitive decline, as well as a
large number of mild or asymptomatic cases. Second,
SARS-CoV-2–positive patients that have been treated since
February 2020 at the University of Bonn Medical Center will
be identified by the patient record system or by our COVID-19
outpatient unit, and will then be contacted by letter. In addition,
as needed, we will recruit participants for all groups of the study
via advertisement on our website, popular social media
platforms, and in newspapers. These diverse recruitment
methods will indicate an email address for potential participants
to contact directly. Those expressing interest in participation
will be contacted by our study team via telephone and will
undergo a brief telephone screening with the help of a
standardized guideline for identifying potential participants.

All participants will be informed and give consent prior to any
study-specific procedure.

Study Procedures
The three groups will be enrolled in a sequential manner to
ensure a similar structure with regard to age and sex. The
individual assessments will vary from visit to visit. All
assessments will take place on one study day. The following
will be assessed or carried out for all participants after providing
written informed consent and review of the inclusion and
exclusion criteria: demographics, medical/surgical history,
medical/disease status, neurological examination, blood
chemistry, neuropsychological examination, magnetic resonance
imaging (MRI), lung function assessment, and (for the healthy
controls only) a SARS-CoV-2 rapid antibody test.

Neurocognitive Examination
The neurocognitive assessment will include comprehensive,
standardized, and validated neuropsychological tests,
questionnaires, and scales to assess pandemic-related changes
on lifestyle, psychological health, sleep, psychiatric symptom
burden, and basic and instrumental activities of daily living.
Trained, qualified personnel will conduct the neuropsychological
assessments at the Department of Neurodegenerative Diseases
and Geriatric Psychiatry.

Part of the neuropsychological assessment will be a specially
selected, comprehensive computerized assessment with the
Vienna Test System (Wiener Testsystem Version 8.15,
Schuhfried, Mödling). This will comprise normed, standardized
tests for the following domains: complex attention; verbal
learning and memory; visual-spatial learning and memory;
semantic verbal abilities; and psychological scales for
depression, anxiety, and somatic illness.

The primary endpoint of this study is an episodic memory
measure due to the posited vulnerability of the hippocampus to
effects of systemic inflammation and loss of integrity of the
blood-brain barrier in neurovascular and neurodegenerative
diseases [36-38]. Since the immune response to SARS-CoV-2

infection itself could increase the risk of developing a cognitive
disorder such as mild cognitive impairment or dementia, we
chose to include the types of tests commonly used in the
diagnostic workup at memory clinics as well as an extensive
battery of computerized attentional, executive function tasks.

In addition, we will ask a series of self-report questions
regarding changes in memory and general cognitive ability
compared to before onset of the acute phase of COVID-19 using
a modified version of the Everyday Cognition-12 questionnaire
[39]. For healthy controls, we will ask the same questions with
the reference point being before the beginning of the pandemic.
This is an effort to compensate for the fact that we cannot
exclude those with cognitive difficulties prior to SARS-CoV-2
infection in Cohorts I and II.

Other scales used include instrumental activities of daily living,
a COVID-19-specific scale of basic activities of daily living
(Post-COVID-19 Functional Scale-German) [40], health-related
quality of life, and a short screening scale for posttraumatic
stress disorder. Owing to established associations between
cognitive decline and neuroticism [41], scales will be
implemented to assess personality along the dimension
neuroticism-extraversion [42]. Further, important lifestyle
factors will be explored, including leisure activities and
satisfaction with one’s financial situation, perceived loneliness
and social isolation, perceived changes in responsibilities at
work and at home, and maintenance of intellectual and daily
activities [43-46].

Lastly, loss of smelling ability has been connected to systemic
inflammation and neurodegenerative disease as well as
SARS-CoV-2 infection [47]. Hence, olfaction will be assessed
by the Sniffin’ Sticks Test of Smelling Ability (Screening 12
Test, Burghart Messtechnik GmbH) based on the
“Odor-Curves-On-Paper” Method [48]. This method enables
safe and hygienic testing conditions and has been validated in
earlier studies [49].

Neurological and Physical Assessment
As part of the initial medical workup, medical doctors will
assess the medical history and current medications. Concomitant
medication, procedures, and medical diagnoses will be
documented at each follow-up. In addition, orienting tests of
visual, auditory, and olfactory function will be performed. Body
weight and height will be measured at the first visit, and heart
rate as well as blood pressure will be measured at the first and
last visits. At each visit, a neurological examination will be
performed. This examination includes analysis of mental status,
cranial nerves, motor system, reflexes, sensory system,
coordination, and gait assessment.

Blood Samples
The amount of blood taken at each individual blood draw
(baseline and 12-month follow-up) is approximately 18
milliliters. Samples will be drawn by a certified nurse or a
medical doctor who is a member of entrusted study personnel
for patients and healthy control subjects. Each blood sample
includes serum and ethylenediaminetetraacetic acid
(EDTA)-plasma, which will be divided into 200-microliter
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aliquots immediately after sampling and stored at –80°C until
biomarker assessment.

Biomarker Panel
Analysis of blood biomarkers of neurodegeneration will be
performed by SIMOA Quanterix assays using fully automated
HD-X platforms. Samples will be run in duplicates with a
maximum accepted coefficient of variation of 20%. Our design
includes sufficient backup material to repeat measures in case
of technical failures, if necessary. The biomarker panel includes
neurofilament light chain and neuron-specific enolase (NSE).
Samples will be analyzed once after conclusion of the baseline
recruitment to address analytes with potentially limited
long-term storage stability such as NSE [50]. Different sampling
methods that might impact the results of blood-based
neurodegeneration markers are still under investigation and
recommendations might change during the study [51,52]. Our
design includes sufficient amounts of both serum and
EDTA-plasma to adapt to new findings on preanalytics at the
time of analysis and to choose the optimal sample type for each
analyte.

SARS-CoV-2 Rapid Antibody Test
The Acro 2019-nCoV IgG/IgM Rapid Test (Hangzhou Alltest
Biotech Co, Ltd, China) is a reliable and rapid chromatographic
immunoassay for the qualitative detection of SARS-CoV-2
immunoglobulin (Ig)G and IgM antibodies in human whole
blood, serum, and plasma samples. A certified nurse or a medical
doctor who is a member of entrusted study personnel will draw
the whole blood sample. The SARS-CoV-2 rapid antibody test
will be administered at screening and at the 12-month visit only
for the healthy control arm of the study.

Pulmonological and Lung Function Examinations
The pulmonological and lung function examinations will take
place at the Department of Internal Medicine (Pneumology)
and include forced vital capacity (FVC), forced expiratory
volume in 1 second (FEV1), Tiffeneau index (FEV1/FVC), and
diffusion capacity for carbon monoxide by the single-breath
method. Clinical pulmonological and lung function assessments
will include assessment of dyspnea, cough, fatigue, dizziness,
chest pain, anxiety, a lung function test, body plethysmography,
a 6-minute walking distance test, quality of life questionnaires,
and a shortness of breath questionnaire.

MRI Assessments
At baseline and at 12 months, subjects will undergo MRI
according to a standardized clinical protocol at the Department
of Neuroradiology on a clinical 3.0 Tesla magnet (Achieva,
Philips Healthcare, Best, the Netherlands). Sequences will
comprise 3D magnetization-prepared rapid acquisition with
gradient echo, fluid attenuated inversion recovery, diffusion,
susceptibility weighted imaging, T2-weighted image, and
diffusion tensor imaging. Volumetric analysis will be conducted
at the Department of Neuroradiology. The acquired MRI datasets
will be visually and semiquantitatively assessed by an
experienced radiological examiner. In addition, postprocessing
of the MRI datasets will be performed using CE-certified
artificial intelligence–based software (mdbrain, Mediaire GmbH,
Heidelberg, Germany), which allows for automated quantitative

analyses of the brain and determines volumes of different brain
areas in milliliters as well as age- and sex-adjusted percentiles
of a (manufacturer-dependent) normative collective.

Data Analysis

Statistical Analysis
Demographic background, clinical, and biomarker variables
will be analyzed in both patient populations and in healthy
controls. Additional analyses will be performed for cognitive
and neurological data, lung function, MRI, psychiatric burden,
and the activities of daily living and health-related quality of
life scales. Quantitative variables will be presented in summary
statistics of number of patients, mean (SD), and median (range)
by appropriate group and time point. Qualitative variables will
be described using the frequency count of the events, and the
number and percentage of responding patients. The primary and
secondary endpoints will be analyzed in an exploratory manner
utilizing mixed models and correlational analysis. Statistical
analysis will be performed using IBM SPSS Statistics Version
25, 64-Bit Version (IBM Corp, 2017).

Preliminary data based on the Auditory Word List Test reported
here were analyzed via multivariate analysis of variance and
pairwise effect sizes were calculated based on Hedges g, which
allows for effect size calculation with different group sizes.

Sample Size Calculation
A power analysis was performed on the basis of the primary
endpoint: long-delayed verbal recall from the word list recall
task of the Vienna Testing System’s Auditory Verbal Learning
Test [53]. This parameter was chosen due to the close
association of long-delayed recall and hippocampal integrity
[54], as well as the hypothesized vulnerability of hippocampal
function to complications following COVID-19. In earlier
studies, a medium-size difference was observed between healthy
controls and patients with dementia [53]. Given the current state
of knowledge of the study population, we also feel confident
in assuming a medium-sized effect for our study. An a priori
analysis of sample size was performed based on a medium effect
size (f=0.28), a type 1 error probability of 5%, power of 80%,
and 3 groups. The outcome parameters yielded a required total
sample size of 126 and an estimated actual power of 80%. This
resulted in a group size of 42 per arm of the study, which we
increased to 50 per arm to account for potential losses to
follow-up. To deal with possible SARS-CoV-2 infection of
healthy volunteers during the course of the study, 20 more
healthy control participants will be recruited for a total of 70
healthy controls.

Results

Schedule
Funding for this subproject was granted to the principal
investigator (MTH) at the Department of Neurodegenerative
Diseases and Geriatric Psychiatry and the coprincipal
investigator (DS) at the Department of Internal Medicine II,
Cardiology, Pneumology and Angiology at the University of
Bonn Medical Center in Bonn, Germany. This subproject aims
at fully characterizing and contextualizing neurocognitive

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e30259 | p.385https://www.researchprotocols.org/2021/11/e30259
(page number not for citation purposes)

Widmann et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


performance after SARS-CoV-2 infection within the cohorts
studied.

At the time of submission, the study had begun recruitment with
the first enrollment on April 8, 2021. As of July 2, 2021, 50
participants (aged 26-70 years, 60% women) have been enrolled
into the study. An interim data analysis of baseline information
is expected to be completed in December 2021. Study
completion is anticipated at the end of December 2022 and final
results are anticipated to be published after the first quarter of
2023.

Verbal Learning and Memory
Preliminary multivariate data analysis of neurocognitive data
collected through July 2, 2021, showed statistically significant
differences. Group differences between healthy controls (n=28,
67.9% women; mean age 41.18, SD 11.60 years), patients with
asymptomatic/mild COVID-19 (n=9, 44.4% women; mean age
46.22, SD 12.06 years), and patients with a severe COVID-19
course (n=13, 53.8% women; mean age 48.62, SD 12.04 years)
were found in several parameters: word list learning, verbal
recall short-delayed and verbal recall long-delayed, and verbal
recognition. These comparisons are preliminary in nature and
the current group sizes are not yet sufficient for such analyses.

Hedges g effect sizes were calculated to reveal sample
size–corrected differences due to unequal group sizes. Healthy
controls outperformed both the asymptomatic/mild and severe
patient cohorts in verbal learning and memory parameters with
performance in the age-adjusted norms. Large effect sizes were
found for healthy controls for wordlist learning, short- and
long-delayed recall, and recognition when compared with those
of the asymptomatic/mild group. Similarly, when comparing
the healthy controls to the severe patient cohort, moderate effect
sizes were found for long-delayed verbal recall and recognition.
Interestingly, there was a small effect size for wordlist learning
and short-delayed verbal recall. Long-delayed verbal recall and
recognition showed moderate effect sizes between the
asymptomatic/mild and severe patient cohorts, with the former
performing worse. These effects are expected to become more
robust once the target sample size has been enrolled.

Neuroimaging
Preliminary interim results of baseline neuroradiological MRI
examinations of a total of 54 study participants, evaluated by
an experienced neuroradiologist, showed no semiquantitative
differences in presence, number, and location of medullary
lesions and intraparenchymal microbleeds among the different
study groups, consisting of healthy control subjects and
asymptomatic/mild and severe patients. By contrast, automated
measurements of brain tissue volumes or age- and sex-adjusted
percentiles tentatively suggest statistically significant group
differences in decreased frontal and temporal grey matter brain
volumes of patients with severe COVID-19 compared with
those of healthy subjects and asymptomatic patients. In addition,
patients with severe COVID-19 had statistically significant
decreases in measured volume mesiotemporally on both sides
compared with that of patients who had an asymptomatic disease
course.

Discussion

Preliminary Findings

Cognitive Impairment
Since this is an ongoing study, only preliminary findings could
be reported, which included (tentatively) worse performance of
COVID-19 patients compared to actively recruited healthy
controls on measures of episodic verbal memory (long-delayed
verbal recall and verbal recognition) as well as decreased brain
volumes in specific brain areas of patients with severe
COVID-19 compared with those of healthy subjects and
asymptomatic patients.

In line with these findings, short-term lower cognitive
performance based on cognitive screening tests such as the
MoCA or Mini Mental Status Examination have been reported
in the short term (up to 1 month) after acute infection among
those with severe COVID-19 courses, ICU stay, and ARDS
(n=12) [55], as well as among patients at a COVID-19
rehabilitation unit (n=87) [56]. Further, another larger study
(n=135) utilizing the MoCA screening found cognitive
impairment, defined as scores below 26 out of 30 possible
points, in 23% of their cohort (29%, 30%, and 3% in patients
with severe, moderate, and mild COVID‐19, respectively)
[57] at a rehabilitation clinic after discharge. In contrast, a point
prevalence study at 4 weeks after acute COVID-19, which used
the modified Telephone Instrument for Cognitive Status, found
no change in cognition in a cohort of 71 patients [58].

In the moderate term (3-5 months) following acute COVID-19,
a few small studies indicated some cognitive impairments;
however, almost none of these studies used objective episodic
memory tasks for assessment. For example, in a small cohort
of COVID-19–recovered patients (n=29) studied 3 months after
acute infection, cognitive changes were found in a
comprehensive test battery, which included memory tasks;
however, only a subset of cognitive parameters were reported
and none of these included the memory tasks. Compared to
actively recruited healthy controls, a few parameters of
continuous attention were meaningfully lowered for patients
following acute COVID-19 [3].

Our findings are supported by a few small, medium-term studies,
which have also found some cognitive impairments after
SARS-CoV-2 infection. At 4 months after infection,
self-reported cognitive impairment was found in 20.7% (86/416)
of a large cohort, including approximately half intensive and
half nonintensive hospitalized patients, interviewed by telephone
[59]. In a subset of the same study, 17.5% (73/416) reported
subjective memory difficulties [59]. This study included a
mixture of objective and questionnaire-based assessments of
cognitive difficulties, warranting further, careful, objective
study. Our study is also in line with a comparable, yet much
smaller cohort (n=29) based on an objective cognitive screening
(Screen for Cognitive Impairment in Psychiatry Danish Version,
SCIP-D), in which at least some cognitive impairment was
detected in 19 (65%) patients [60].

Based on a comprehensive neuropsychological test battery (Brief
Repeatable Battery of Neuropsychological Tests), further
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evidence for cognitive impairment was found at 5 months after
discharge in a small (n=38) nonintensive sample of patients
hospitalized for complications of SARS-CoV-2 infection [5].
Slower processing speed was reported for 42.1% (16/38) of
patients, worse delayed verbal recall was found for 26.3%
(10/38) of patients, and worse delayed visuospatial recall was
reported for 18.4% (7/38) of patients [5].

In contrast, a very large epidemiological study that included
individuals who recovered from COVID-19 and concurrently
obtained controls utilized a remote-based intelligence
assessment, including short-term verbal memory and verbal as
well as spatial working memory, but neither long-term verbal
recall nor verbal recognition was assessed [61]. They reported
no significant group difference in spatial working memory,
although this was at the threshold level and was a main effect
for visual attention. The timeframe of remote testing was around
3-4 months after hospital discharge. Importantly, this study
hinted at a “dose” effect of SARS-CoV-2 infection on cognitive
ability based on a stratification of symptoms and type of care
needed (from best to worst cognitive performance: symptomatic
patients with versus those without respiratory symptoms, those
with respiratory symptoms and no home assistance versus those
with medical home assistance, those hospitalized with no
ventilation versus those with a ventilator) [61].

Taken altogether, the extant evidence is quite mixed and requires
systematic and objective examination over the long term (ie,
12 months and more). This study will be the first such attempt.

Neuroradiological Findings
Previous MRI studies were mainly based on retrospective
hospital data and focused on acute clinical imaging of
COVID-19, describing the increased occurrence of
(postinfectious) encephalitis [62], acute demyelinating/necrotic
hemorrhagic encephalomyelitis–like signal changes [63,64],
cerebrovascular disease [65], and Guillain-Barre syndrome [66].
The lack of difference among study groups according to the
presence, number, and location of medullary lesions or
intraparenchymal microbleeds may be a result of the small
number of those included in the preliminary analysis, as
recruitment is ongoing. According to the rates of, for example,
intracranial hemorrhage, ischemic stroke, or encephalitis up to
6 months after SARS-CoV-2 infection based on Taquet et al
[9], we anticipate very few of such manifest cases in this study.

The identification of abnormalities in different brain regions
could help clinicians understand the potential neurological
sequelae and psychological effects of COVID-19. Quantitative
neuroimaging in this study indicated that patients with
asymptomatic and severe-type COVID-19 without clinically
prescribed specific neurological manifestations or obvious
lesions on conventional MRI may still show changes in brain
microstructure. Compared with healthy controls and the
asymptomatic-type COVID-19, global brain microstructural
changes were detected in both the gray and white matter in the
severe disease course group. A decrease in cortical thickness
and changes in white matter microstructure were more profound
and extensive in the severe than in the asymptomatic group,
particularly in the frontal and temporal systems bilaterally, but
without clear side predisposition in our preliminary cohort. The

observed decreased frontal and temporal grey matter brain
volumes of patients with severe COVID-19 compared with
those of healthy subjects and asymptomatic patients is consistent
with other reports of grey matter brain volume loss, even among
COVID-19 remitted patients and those with asymptomatic
courses [67].

Thus, brain integrity appears to be potentially susceptible to
either COVID-19–induced neurotoxicity (ie, direct viral
encephalitis) or systemic inflammation induced by the immune
response [62], although the exact etiology of the observed
changes is still uncertain at this point. However, only few MRI
studies with volumetric brain analysis of patients who recovered
from COVID-19 are available to date. Moreover, these studies
provide inconsistent data, showing that there has been either a
decrease in cortical thickness and subcortical volume,
particularly in the left frontal and limbic system [68], or an
increase in cortical thickness of the olfactory cortices and
temporomesial regions, particularly the hippocampal region
[69], following COVID-19. Further research is therefore
urgently needed to improve understanding of the distribution
pattern of potentially COVID-19–induced brain microstructural
damage.

Strengths and Weaknesses
This study is being performed to address the dearth of
information regarding long-term cognitive performance among
patients who recovered from COVID-19. To date, no studies
have employed such comprehensive neurocognitive testing in
conjunction with lung function, neurological function, and
neuroradiological examinations, and with actively recruited
healthy control subjects. Hence, this study is a first step at filling
several gaps in our knowledge on the severity of COVID-19
courses and these factors. The first key question to be answered
is whether there is any evidence of cognitive impairment over
the long term. Another question is whether cognitive
performance appears to depend on intact lung capacity or
pulmonological health, since these serve the oxygenation of the
brain. Our experience with patients so far indicates few lung
function difficulties over the long term for a majority of patients.
A further question is whether and what changes in brain integrity
and volume may undergird reductions in cognitive performance.
In addition, several questions regarding olfactory ability in the
long term will be addressed by this study: the association of
subjective versus objective assessment of smelling ability,
associations with cognitive performance, and with emotional
well-being.

Next, we assess a series of lifestyle, psychiatric, and
psychological health factors that directly or indirectly negatively
affect cognitive health. A great strength of this study is that we
compare patients to actively recruited healthy control
participants who also underwent pandemic conditions so as to
ecologically control for potential general negative effects of the
pandemic on all of our assessments.

There are several strengths to this study design, which have
been thoroughly addressed in the Introduction. To the best of
our knowledge, this is the first study to collect cognitive,
pulmonary, lung function, neuroimaging, and further psychiatric,
personality, and lifestyle data as part of a multidisciplinary,
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long prospective cohort study. Despite the current large number
of publications, only some have focused on cognitive outcomes.
Most of these did so only superficially, and none of these
reported long-term outcomes (12 months or more). Specifically,
the detailed cognitive assessment in this study will deliver
comprehensive and objective data that are currently scarce. The
results of this exploratory pilot study will deliver important
information about the clinical presentation of cognitive
symptoms following acute COVID-19 in a broad context and
compare them to actively recruited healthy controls who also
endured long-term pandemic conditions, which may also affect
cognition. Despite being a pilot study, there will be adequate
statistical power with a sample size of 150 participants.

There are also several design weaknesses to this pilot study.
One is the difficulty in representing all affected age groups. It
is known that age groups are affected differently by COVID-19
with respect to the infection rate, mortality, and likely also the
extent of prolonged symptoms. Although the age range of those
enrolled into the study so far is 26-70 years, participants are on
average of middle age for all cohorts. This may reflect the
magnitude of symptoms or of concerns among middle-aged
patients. We are trying to keep the same age and sex distribution
across groups as closely as we can during enrollment. In
addition, age will be taken into account in several different ways
for data analysis, including transforming the raw scores to age-
and sex-normed standard values.

A further potential problem is the heterogeneity in the severe
arm of the study. We include those who were in hospital
overnight and released the next day as well as those who had
longer hospital stays or even intensive care stays. We are aware
of the scores of confounding factors this represents, such as
organ failure or dysfunction, ventilation, and extracorporeal
oxygenation, among others. The intake interview addresses any
diagnoses such as organ failure. We will describe the type of
hospital stay for the severe arms and will create separate
calculations of parameters with and without intensive care
patients, since these represent a special group. It is beyond the
scope of this study to take individual or specialized treatments
at the ICU into account.

The question of what role chronic fatigue syndrome (CFS) plays
in cognitive difficulties is central to our study. Diagnoses of
CFS at any time prior to or during the study will be taken into
account. In addition, several items in our study directly address
symptoms of chronic fatigue and sleep disorder, which will be
used in comparison of the cognitive and pulmonary data.

It is also unclear whether our findings represent true change
among the COVID-19 cohort postinfection given that it is
impossible to have a pre-COVID-19 baseline. Likewise, it is
not possible to exclude COVID-19 patients with memory
problems. We do, however, ask a series of self-report questions
regarding changes in memory and general cognitive ability since
the acute phase of COVID-19, which includes questions
regarding everyday attention, memory, and executive function.
For healthy controls, we ask the same questions with relation
to the start of the pandemic. This will enable a comparison of
subjective perception across groups.

Lastly, participants may become infected (or reinfected) with
SARS-CoV-2 during the course of the study. We are not able
to conduct polymerase chain reaction testing to assess the current
COVID-19 status at the assessment points in this study due to
a lack of financing and personnel. We are dealing with this in
two ways: one is the blood drop–based antibody testing of the
healthy group at baseline and at the 12-month visit to exclude
infection within the last few weeks or months (IgG and IgM
antibodies), although this is not a perfect method. Second, we
ask all participants about current and past (re)infection status
at each study visit. Since COVID-19 testing is ubiquitous, we
rely on our participants answering this truthfully and to the best
of their knowledge.

Future Research
Future research of cognitive performance after SARS-CoV-2
infection should include stratifications based on age, infection
severity, duration since initial infection, organ dysfunction (eg,
lung, heart), and perhaps according to required treatments. Age
is known to be a key risk factor for cognitive impairment in
other syndromes and disease states (such as dementias). Yet,
younger patients who acquire cognitive impairment after
SARS-CoV-2 infection do so during their most productive years
of life. The immediate and mid-term cognitive performance
troughs after intensive care are also well-known phenomena
[70]. Hence, stratifying according to acute SARS-CoV-2
infection severity (ie, number and type of symptoms,
requirement of ventilation, organ dysfunctions, in-home care
versus hospitalization versus intensive care) would help to
clarify those most at risk of developing cognitive problems.
Further, stratifications based on the SARS-CoV-2 strain and
number of SARS-CoV-2 reinfections in light of mutations such
as the B.1.617.2 (Delta) variant [71], which may infect even
fully vaccinated patients but may be less lethal, would be
important for understanding the impact of SARS-CoV-2
infection on cognition.

In addition, cognitive studies require carefully selected, objective
measures based on specialized knowledge of functional
cognitive modules and cognitive science to identify the specific
neuropsychological functions that are affected. Lastly, myriad
factors known to be associated with cognitive ability need to
be systematically assessed in addition to cognition to identify
their independent contributions and possible interactions. These
suggestions for future research will be important for identifying
at-risk groups, indications for neuropsychological testing
services after SARS-CoV-2 infection, rehabilitation or therapy
to those with manifest cognitive impairments, and possibly for
targeting neuroprotective therapies during the acute stage of
SARS-CoV-2 infection.

Conclusions
After having thoroughly reviewed the existing literature, to the
best of our knowledge, this is the first study to include objective
and comprehensive longitudinal analyses of neurocognitive
sequelae of COVID-19 in an extreme group comparison of
asymptomatic/mild versus severe SARS-CoV-2 infection and
actively recruited healthy controls within a broad context of
other, pertinent variables. This study will contextualize
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neurocognitive performance via coassessment of neurological,
pulmonary, and a series of psychiatric and lifestyle factors.

The preliminary results of on average poorer verbal learning
and verbal memory, along with reduced grey matter and frontal
and temporal brain volumes briefly reported herein are quite

robust. These findings may change as they are by no means
final. Our cognitive and neuroradiological findings also require
careful analysis together with other assessments of pulmonary
and lung function, neurological, and psychological and lifestyle
factors at study completion.
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Abstract

Background: Therapy for a first primary neoplasm (FPN) in childhood with high doses of ionizing radiation is an established
risk factor for second primary neoplasms (SPN). An association between exposure to low doses and childhood cancer is also
suggested; however, results are inconsistent. As only subgroups of children with FPNs develop SPNs, an interaction between
radiation, genetic, and other risk factors is presumed to influence cancer development.

Objective: Therefore, the population-based, nested case-control study KiKme aims to identify differences in genetic predisposition
and radiation response between childhood cancer survivors with and without SPNs as well as cancer-free controls.

Methods: We conducted a population-based, nested case-control study KiKme. Besides questionnaire information, skin biopsies
and saliva samples are available. By measuring individual reactions to different exposures to radiation (eg, 0.05 and 2 Gray) in
normal somatic cells of the same person, our design enables us to create several exposure scenarios for the same person
simultaneously and measure several different molecular markers (eg, DNA, messenger RNA, long noncoding RNA, copy number
variation).

Results: Since 2013, 101 of 247 invited SPN patients, 340 of 1729 invited FPN patients, and 150 of 246 invited cancer-free
controls were recruited and matched by age and sex. Childhood cancer patients were additionally matched by tumor morphology,
year of diagnosis, and age at diagnosis. Participants reported on lifestyle, socioeconomical, and anthropometric factors, as well
as on medical radiation history, health, and family history of diseases (n=556). Primary human fibroblasts from skin biopsies of
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the participants were cultivated (n=499) and cryopreserved (n=3886). DNA was extracted from fibroblasts (n=488) and saliva
(n=510).

Conclusions: This molecular-epidemiological study is the first to combine observational epidemiological research with
standardized experimental components in primary human skin fibroblasts to identify genetic predispositions related to ionizing
radiation in childhood and SPNs. In the future, fibroblasts of the participants will be used for standardized irradiation experiments,
which will inform analysis of the case-control study and vice versa. Differences between participants will be identified using
several molecular markers. With its innovative combination of experimental and observational components, this new study will
provide valuable data to forward research on radiation-related risk factors in childhood cancer and SPNs.

International Registered Report Identifier (IRRID): DERR1-10.2196/32395

(JMIR Res Protoc 2021;10(11):e32395)   doi:10.2196/32395

KEYWORDS

fibroblast; irradiation; childhood cancer; neoplasm; second primary neoplasm; second cancer; study design; participation;
feasibility; cell line

Introduction

Childhood cancer is defined as a malignant neoplasm or any
neoplasm in the central nervous system occurring in children
and adolescents before the age of 20 years [1]. Worldwide, the
age-standardized incidence rate (world standard) is 152.8 per
million person-years in those aged 0 to 19 years, is slightly
higher in boys than in girls, and varies for different diagnostic
groups dependent on age and region [2]. Risk factors for most
childhood cancers remain largely unknown [1]. Common genetic
susceptibility with low risk and rare genetic disorders with high
risk explain less than 10% of the cases [3-15]. Corresponding
with the current state of science, the immune system also plays
an important role in the development of cancer [16], and several
environmental factors [17-26], such as early infections [27] and
vaccination [28], have been suggested but not established to be
protective by modulating immunological pathways, in particular
for childhood leukemia. In contrast, specific chemical substances
such as benzene are established risk factors for the development
of leukemia and antineoplastic agents (eg, DNA alkylating
agents, topoisomerase II inhibitors, doxorubicin) for the
development of acute myeloid leukemia and sarcomas in
childhood [29]. However, these substances do not constitute
the major part in the development of childhood cancer, since
only a minority of children is exposed to such chemical
carcinogens [30].

Exposure to high doses of ionizing radiation, either due to
nuclear disasters [31] or in cancer therapies [32-35], is a rare
and known environmental risk factor for acute myeloid leukemia
in childhood [1] and second primary neoplasms (SPNs)
[1,29,36-39,41]. Indeed gene-radiation interactions are assumed
to be involved in the etiology of childhood cancer [1,42] and
SPNs [43-46] as well. Besides high-dose ionizing radiation, the
magnitude of the risk for first primary neoplasms (FPNs) in
childhood from very low doses (≤0.05 Gray [Gy]) is still
uncertain and difficult to resolve via conventional
epidemiological studies [1]. Low doses of ionizing radiation
are commonly used in medical diagnostics, like computed
tomography examinations [47], and regarded as a risk factor in
addition to the directly exposed treatment volume, where high
doses of ionizing radiation are applied during radiation therapy
[48]. Exposure to low doses also occurs during the staging

procedure of neoplasms via computed tomography examinations
and follow-up after treatment. In utero exposure to ionizing
radiation during abdominal X-rays of pregnant women was
consistently observed to be a risk factor for acute leukemia in
many epidemiological studies conducted in the 1950s and 1960s
[49-56]. Today, X-ray examinations during pregnancy are
conducted using lower radiation doses [57], and recent studies
were not able to identify any increased risk anymore [58].
Similarly, a recent study on cancer incidence after exposure to
postnatal diagnostic X-rays did not find an increased risk for
leukemia, lymphoma, central nervous system tumors, blastomas,
or sarcomas [59]. However, data on the effect of low doses are
still scarce and inconsistent due to missing direct biological
human evidence [60,61]. Additionally, observational studies
are often small and may not show proper confounder control
[62-69].

To address these open questions and challenges with a more
powerful approach, we designed a nested,
molecular-epidemiological, case-control study that combines
observational epidemiological research with standardized
experimental components in primary human fibroblasts. We
want to identify genetic predispositions related to the cellular
response to high and low doses of ionizing radiation in SPN
cases compared with FPN controls first and in childhood cancer
cases compared with cancer-free controls second. This
publication focuses on the description of the innovative study
design and its potential use in research as well as on procedures
of sampling and proportions of participation.

Methods

Aim and Study Design
The population-based, nested case-control study KiKme
(German: “Krebserkrankungen im Kindesalter und molekulare
Epidemiologie”; English: “Cancer in childhood and
molecular-epidemiology”) was designed to analyze genetic
predispositions and other molecular-biological factors associated
with ionizing radiation in primary human fibroblasts from
former childhood cancer patients (SPNs and FPNs) and
cancer-free controls. Applying a molecular-epidemiological,
case-control study design, using primary human skin fibroblasts
as a model of normal human somatic tissue enables us to
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measure individual changes in reaction to different radiation
exposures on a cellular level and to conduct an informed search
for genomic causes in fibroblasts from the same person
simultaneously [70]. The combination with observational data
from questionnaires and the linkage of therapy data on chemo-
and radiotherapy from treating hospitals complete the study and
allow us to control for known confounding factors.

Study Population
More than 70,000 former childhood cancer patients are
registered in the German Childhood Cancer Registry [71]. This
large cohort provides the basis for the nested case-control study
KiKme. Since 1980, this registry has recorded population-based
childhood cancer cases occurring in children younger than 15
years old in former Western Germany with almost complete
coverage. Since 1991, cases from former Eastern Germany are
recorded as well. In 2009, the age limit for recorded childhood
cancer was raised from under 15 years old to under 18 years
old [32]. Diagnoses of childhood cancer are validated in
cooperation with treating hospitals and an open-end follow-up
is conducted with an emphasis on obtaining information on
SPNs [72]. The cohort in which our case-control study KiKme
was nested includes children with only 1 cancer diagnosis (FPN)
as well as with multiple cancer diagnoses over time (SPN).
Subjects were eligible if they were diagnosed with an FPN in
childhood, were at least 18 years old (as of June 2012), showed
survival after cancer diagnosis for 1 year or more, and were still
alive when the study was performed. Additionally, an address
and an agreement for data storage in the German Childhood
Cancer Registry had to be available. The inclusion criteria
resulted in a maximum of 1976 available former childhood
cancer patients (247 SPNs with 1729 matching FPNs). All these
former childhood cancer patients were initially contacted by
the German Childhood Cancer Registry in consideration with
the guidelines of the Association for Pediatric Oncology and
Hematology in Germany.

For the pilot study of this project, 48 former childhood cancer
patients with any morphology of FPN and SPN were included.
Within the main study period, only participants (n=392) with
an FPN of the most common childhood cancers of the
International Classification of Childhood Cancer - third edition
(ICCC-3) [73] were recruited: leukemia ICCC-3 I(a), I(b), I(c),
I(d); lymphoma ICCC-3 II(a), II(b), II(c); and tumors of the
central nervous system ICCC-3 III(a), III(b), III(c), III(d), IV(a).
Cancer sites of the second primary diagnosis had to be at a
potentially radiation-related site: thyroid carcinoma ICCC-3
XI(b); skin carcinoma ICCC-3 XI(e); leukemia ICCC-3 I(a),
I(b), I(d) (all causally related to radiation [41]); or malignant
melanoma ICCC-3 XI(d) (potentially related to radiation [41]).
The number of possible SPN cases meeting the inclusion criteria
was limited by the quantity of potential SPN participants who
were still alive (n=247). Potential FPN controls (n=1729) were
matched by age at recruitment (maximal age range of 5 years),
sex, cancer morphology (ICCC-3), year of diagnosis (maximal
range of 7 calendar years), and age at diagnosis (maximal age
range of 4 years) to available SPN cases using a risk set
sampling approach. Taking the year of diagnosis into account
enables us to control for changes in therapy procedures. To be
included as a possible FPN control, no SPN diagnosis had to

exist at the date of the second diagnosis of the corresponding
SPN case, and the FPN control had to be alive.

In order to not only be able to compare genetic predispositions
related to ionizing radiation in SPN cases and FPN controls, we
also recruited cancer-free controls for each matching group in
an additional hospital-based study arm in the Department of
Orthopedics and Traumatology of the University Medical Center
Mainz. They were matched by sex and within a maximal 10-year
age range at the time of the recruitment to participating SPN
cases and FPN controls. Cancer-free controls were mainly
recruited from patients who were hospitalized for elective
orthopedic surgery after an accident. Cancer-free controls with
severe or chronic diseases (eg, cancer, Alzheimer’s disease,
multiple sclerosis, cardiovascular disease, diabetes) were
excluded from participation due to a possible association with
shared genetic predispositions and cancer development [74].

Procedures and Survey Modules
The study combines information from questionnaires and
molecular-biological experiments including investigations on
radiation-induced effects using primary human skin fibroblasts
derived from skin biopsies of the participants. In addition, saliva
samples were collected as a second, independent source for
DNA. Participants who reported being infected with severe
infectious diseases (eg, hepatitis or AIDS) were excluded from
a skin biopsy and saliva collection to avoid any transmission in
the laboratory. Also, skin biopsies were not conducted if
participants suffered from other severe diseases (eg, hemophilia)
to prevent them from suffering adverse health consequences.

Questionnaires
Most study participants (SPN, FPN, cancer-free control)
answered a self-completed questionnaire to assess
socioeconomic and anthropometric factors, as well as
information on lifestyle, medical history, and health. The general
questionnaire contained questions on birth characteristics, ethnic
origin, anthropometric factors, education, current life
circumstances, smoking, drinking, diseases, and medications,
as well as medical therapies and lifelong exposure to medically
applied radiation (medical radiation history) of the participant.
Data on cancer therapies were validated by comparing
questionnaire data with information on type and dose of
medication as well as dose and number of radiotherapy fractions
from therapy protocols of treating hospitals [75]. All therapy
data will be used to develop an individual exposure matrix for
each participant. Furthermore, there were questions on family
history of severe diseases. The complex information on family
history of cancer was additionally requested in a personal
interview in the clinic or through a telephone interview for all
participants not attending the clinic in Mainz. The interview
included information about cancer type and age at diagnosis
within their relatives (children, siblings, nephews and nieces,
parents, grandparents, aunts, uncles, and cousins).

Saliva Collection, Processing, and Storage
Saliva collection took place using the Oragene DNA Kit (DNA
Genotek Inc, Ottawa, Ontario, Canada). The participant was
asked not to drink, eat, smoke, or chew chewing gum 30 minutes
before collection. Five minutes before the start, the participant
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rinsed his or her mouth and filled the saliva tube of the kit with
saliva without air bubbles. The saliva was mixed with the DNA
stabilizing fluid and immediately forwarded to the laboratory
within the recruitment center. For persons participating near
their residence, saliva samples were sent to the laboratory in
Mainz in a provided cardboard box by standard mail. After
receiving the collected samples, half of each saliva sample was
lysed and incubated at 56 °C in the laboratory. After incubation,
samples were mixed with ethanol, and the lysate was loaded in
a NucleoSpin Blood L Column and centrifuged. After washing
the silica membrane, the DNA was eluted with DNA buffer.
The DNA sample was then stored at –80 °C. The remaining
half of saliva from each participant was stored at –20 °C for
later use.

Skin Biopsy Collection, Processing, and Storage
Skin samples were taken by punch biopsy under local anesthesia
with a diameter of 3 mm at the cubital region for cancer patients
and during surgery in the scar region for cancer-free controls.
The resulting wounds were sewn with a single stitch. After
successful extraction, biopsied skin was transferred to a vial
with rich cell culture medium (Amniogrow, CytoGen GmbH,
Wetzlar, Germany), stored at room temperature, and
immediately taken to the laboratory or by courier service within
24 hours. Subcutaneous tissue was removed, and the biopsy
was dissected in rich cell culture medium (Amniogrow, CytoGen
GmbH, Wetzlar, Germany) and cultured in a humidified
incubator at 37 °C with 5% CO2 (Heracell Vios 160i, Thermo
Fisher Scientific, Waltham, MA) to allow the outgrowth and
expansion of fibroblasts. Culture medium (Amniogrow,
CytoGen GmbH, Wetzlar, Germany) was changed every 3-4
days. Passaging of fibroblasts was done using 0.05% trypsin
with 0.1% ethylenediaminetetraacetate when reaching
approximately 70% confluence. After the first passage, cells
were cultured in low glucose Dulbecco’s minimal essential
medium (Sigma-Aldrich, St. Louis, MO) containing 1%
nonessential amino acids, 15% fetal bovine serum, and 1%
penicillin/streptomycin (all supplements from Biochrom GmbH,
Berlin Germany). Cultures were grown for 2-4 weeks to reach
sufficient cell numbers for cryopreservation in liquid nitrogen
or nitrogen gas.

Sampling
All applicable institutional and governmental regulations
concerning the ethical use of human volunteers were followed
during this research. Approval by the Ethics Committee of the
Medical Association of Rhineland-Palatinate was obtained (no.
837.262.12 (8363-F), no. 837.103.04 (4261), and no. 837.440.03
(4102)). Study participants who voluntarily gave consent for
examinations, collection of samples, subsequent analysis,
time-limited storage of personal data, and collected samples
were included. Participants could consent to single components
of the study while abstaining from others at any time. After
confirmation to participate in the KiKme study, an appointment
for the discussion of the informed consent was made. A date
for skin biopsy, saliva sampling, and telephone or personal
interview was obtained. Cases participating at the University
Medical Center Mainz were offered the possibility of medical
consultation. These consultations were not documented for this

report. Participants were reimbursed and compensated for travel
costs. To further increase participation despite potential long
travel to Mainz, all cancer patients were also given the option
to participate near their residence. If available, participants could
name their attending dermatologist. Otherwise, the study team
contacted a dermatologist near the residence of the participant.
The attending dermatologists were asked to act as a cooperating
partner, were trained for the study, and took the skin biopsy
with the signed informed consent.

Potential cancer-free control participants were identified in the
surgery schedules of the department for orthopedic surgery.
They were contacted and informed about the content of the
study during their stay in the hospital. Participation could be
refused at any time during the procedure. To increase the study
participation of cancer-free controls, the biopsy was taken from
excess material during their surgical procedure.

Analysis Plan
From all participants, cultured human fibroblasts from 156
participants with the best matching results based on our criteria
(52 triplets each with 1 SPN, 1 FPN, and 1 cancer-free control
participant) will be selected for the radiation experiments (mean
age of participants at sampling: SPN 33 years, range 20-51
years; FPN 33 years, range 21-49 years; controls 33 years, range
19-48 years; median age of participants at first neoplasm: SPN
8 years, range 0-14 years and FPN 8 years, range 1-14 years;
mean calendar year of the first neoplasm: SPN 1991, range
1980-2011 and FPN 1991, range 1980-2009). During radiation
experiments, cultured human fibroblasts from each of the 156
selected and carefully matched participants will be exposed to
a low (eg, 0.05 Gy) as well as a high dose (2 Gy) of X-rays and
will be sham-irradiated (0 Gy). The low dose of radiation will
be applied to mimic an exposure scenario during medical
diagnostics (eg, computed tomography), and the high dose
represents an average single tumor dose applied to the target
volume of conventional fractionated radiation therapy. The
fibroblast of each triplet will be treated simultaneously to avoid
batch effects within groups. In a preliminary analysis, we
identified the time point after radiation with the highest amount
of differentially expressed genes for our chosen radiation doses
[76]. The identified time point will be used to analyze
differences in gene expression patterns between patient groups.
The high number of samples from different participants in
irradiation experiments (around one-third of the participants)
allows us to distinguish possible gene expression patterns with
candidate genes and underlying cellular pathways between
groups and to identify differences between SPN cases and FPN
controls as well as differences between former childhood cancer
patients (SPNs and FPNs) and cancer-free controls. To be able
to compare gene expression before and after exposure to ionizing
radiation, RNA from 468 dishes with cultured human fibroblasts
of the irradiation experiments (156 exposed to 0.05 Gy, 156
exposed to 2 Gy, and 156 sham-irradiated; 3 dishes for each
participant) will be extracted and Illumina-sequenced. RNA
sequencing data will be processed and cleaned as well as
normalized using the Voom method [77]. Gene expression of
irradiated cells will be compared with the expression of
sham-irradiated cells after the same time interval for each
participant. Differentially expressed genes dependent on
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radiation dose will be detected using linear models and empirical
Bayesian statistics. The differential gene expression after
irradiation will be computed by comparing measurements of
fibroblasts from each participant with measurements after
sham-irradiation (eg, counts of transcripts in cells of each
individual after 0 Gy versus counts after 2 Gy). P values will
be computed for the interaction between the effect of radiation
and group and for the effect of radiation alone using the R
package limma (lmFit, eBayes, makeContrasts) with patient ID
as a block variable and the factors patient group and radiation
doses [78]. The analyses will be performed without adjustment,
with adjustment for age only, and with adjustment for age and
gender. For the comparison between former childhood cancer
patients with and without SPNs, the analyses will additionally
be adjusted for age at first primary neoplasm diagnosis and for
tumor subtype. Furthermore, sensitivity analyses will be
performed separately for male participants and female
participants with age adjustment. Differentially expressed genes
will then be selected at a false discovery rate (FDR) level of
0.05 (Benjamini-Hochberg procedure). In addition, differentially
expressed genes and their log2 fold change will be examined
using Ingenuity Pathway Analysis (IPA; Version 1.13, QIAGEN
Inc, 2018) with a right-tailed Fisher exact test examining
pathway enrichment and z-score (≥|2|) indicating (in-) activation
of pathways [79]. In addition, IPA will be employed to predict
upstream regulators as well as downstream diseases and
functions. We will choose promising marker genes to validate
the RNA sequencing experiments via real-time quantitative
polymerase chain reaction. Thus, RNA sequencing data intend
to identify differentially expressed candidate genes, which
finally enables a weighted analysis of DNA single-nucleotide
variants (SNVs) in these genes and related regions by selecting
the smallest P value from all comparisons. To filter SNVs, a
gene list will be created that contains all genes that were
identified as differentially expressed in the messenger RNA and
long noncoding RNA analyses after Bonferroni correction (with
adjustment for age and gender as well as with adjustment for
age at first tumor diagnosis and for tumor type). Furthermore,
the list could be supplemented with genes from the associated
pathways of the Ingenuity Pathway Database and known
radiation-associated genes (RadAtlas) [80] as well as genes
associated with childhood cancer (International Cancer Genome
Consortium [ICGC], Pediatric Cancer Genomic Data Portal
[PeCan], PedcBio portal, Pediatric cancer gene database
[Pedican], Xena browser) [81,82]. SNVs will be assigned to the
genes if they are located in an area that includes the gene body,
consisting of exons and introns, and 500 kilobases upstream
and downstream of the gene body. In addition, SNVs will be
assigned to the genes that were identified in the Genotype-Tissue
Expression (GTEx) project [83] as expression quantitative trait
loci (eQTLs) for the gene [84]. The analysis will be carried out
using forest tests (RVTEST) [85,86] applying a single-variant
Wald test at the SNV level. The burden test (combined
multivariate and collapsing [CMC] method) [87], sequence
kernel association test (SKAT) [88], and variable threshold
method [89] will be used for the gene-based examination of the
DNA sequencing data at RVTEST. Association studies will be
performed based on the generated gene list using FDR as
correction for multiple testing with a significance level of 5%

and genome wide without FDR adjustment. Simulation studies
assuming our sample size and different SNV effect sizes (odds
ratio [OR] 1.3, 1.5, 2, 3, and 4) for genome-wide association
studies resulted in the significance level selection of 5% at the
gene level and 0.005% at the SNV level. In addition, a weighted
analysis of SNVs will be performed genome wide by using
likelihood-based boosting [85] and gene list P values as weights.
Both tumor groups (former SPN and FPN patients) will be
compared against the cancer-free controls, and, additionally,
the tumor groups will be compared against each other. Results
of the SNV analysis will be verified in a 2-stage procedure:
First, identified genetic group differences in fibroblasts from
about one-half of the participants (n=286) will be replicated in
DNA sequenced from the saliva of the same participants. In the
second stage, validated results will be replicated in the saliva
DNA of an independent confirmation collective consisting of
the remaining half of the participants (n=275). This 2-stage
approach enables us to ameliorate problems of false discovery.
Possible confounding or effect modification (eg, by sex, age at
diagnosis of first or second primary neoplasm, type of first or
second primary neoplasm, or batch effects) will be taken into
account in this analysis. In addition, sensitivity analysis for
other possible confounding factors like family history of cancer
or received therapies will be conducted.

To identify possible risk associations with cancer treatment,
participants were asked whether they had received cancer
therapies. Used medications and affected body regions will be
additionally inquired (n=556). For validation, self-reports will
be compared with data from cancer therapies of the patients
from hospitals and clinical studies [75]. By measuring sensitivity
and specificity, the quality of binary variables will be analyzed.
Receiver operatic characteristic curves will be used for a
graphical comparison. Positive and negative predictive values
will be used to analyze the validity of the questionnaire. Cohen
kappa will be used to measure the concordance between the
information from questionnaires and from treating hospitals.
Influencing factors (eg, number of neoplasms, sex,
sociodemographic factors, comorbidities, time since cancer
treatment) on the dichotomous outcome variable degree of
agreement will be analyzed using logistic regression [75]. If
the questionnaire is reliable, conditional logistic regression and
mixed models will be used to estimate possible risk associations
with cancer therapies.

Differences in family history between childhood cancer patients
with FPNs and SPNs as well as cancer-free controls could also
be a confounder or effect modifier and will be investigated
concerning family history of cancer, degree of family
relatedness, age of diagnosis, and family history of chronic
disease (n=556). Our interest here is to identify whether an
increased number of cancer cases in families is associated with
childhood cancer incidence. A family history of cancer was
recorded as dichotomous variables for each degree of kinship,
for maternal and paternal kinship, and for sex of family members
in the questionnaires. The number of cases within families will
be related to family size. Clustering of cancer within families
will be estimated by the genealogical index of familiarity [90]
and stratified by groups (SPN, FPN, cancer-free controls) to
ascertain whether the average kinship among affected
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individuals in a pedigree differed from a randomly drawn control
set of that pedigree. The kinship sum test [91] will be applied
to identify affected individuals exhibiting a closer relationship
to other affected individuals than would be expected by chance.
Conditional logistic regression will be applied to investigate
the association between family history of cancer and the risk of
primary childhood cancer (SPN and FPN). Analyses will be
adjusted for sex and age at recruitment and stratified for kinship
and sex. Cox proportional hazard models will be calculated
adjusted for age, sex, family history of cancer, and primary
childhood tumor entity to estimate standard incidence rates for
SPNs among the cohort of childhood cancer patients. Further,
conditional logistic regressions will be used to explore the
associations between childhood cancer (SPN and FPN) and
other diseases in the family (eg, diabetes, hypertension, elevated
blood cholesterol).

The available biosamples of the study will further be used to
forward research on other biological markers (eg, hyper- and
hypovariability of gene expression, noncoding RNA, copy
number variations, epigenetic changes like methylation pattern
of genes, proteins associated with double-strand breaks,

chromosomal aberrations) and to investigate their possible
association with radiation-related cancer development in other
KiKme research projects.

Results

The recruitment started in 2013, and the result is shown in
Figure 1. Originally, we invited 247 SPNs and 1729 FPNs to
participate in the study, of which 92 SPNs (92/247, 37.3%) and
399 FPNs (399/1729, 23.1%) were willing to participate. During
the recruiting process, some participants refused their
participation while others accepted. Thus, some rematching was
needed. To gain complete matching groups in the radiation
experiments, we allowed 17 FPN patients that developed an
SPN later in life to migrate to the SPN group. However, taking
the risk set sampling approach into account, their questionnaire
data could be used both as an SPN case and as an FPN control
in the questionnaire-based analyses (eg, on the risk of family
history of cancer). Overall, 54.4% of the participants (47 SPN
and 193 FPN of 441 total participants) participated in the study
near their residence in a medical practice of 1 of the 182
cooperating dermatologists.

Figure 1. Enrollment of participants (SPNs, FPNs, and controls) in the population-based, nested case-control study KiKme. FPN: first primary neoplasm;
SPN: second primary neoplasm.
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A total of 591 former childhood cancer patients and cancer-free
controls aged 19 to 53 years (mean age 32 years, 51% women
and 49% men) participated in the study (Table 1). The age
distribution of participants with SPNs compared with FPNs was
very similar (χ² test: P=.28), whereas participating cancer-free
controls were slightly younger than participants with childhood
cancer (χ² test: P<.001). Similar differences were found for

nonparticipating childhood cancer survivors and nonparticipating
cancer-free controls (χ² test nonparticipants with SPNs versus
FPNs: P=.11; χ² test nonparticipating cancer-free controls versus
nonparticipating childhood cancer survivors: P<.001). Further
characteristics of participants and nonparticipants like age at
diagnosis and tumor morphology are summarized in Table 1
and Table 2.

Table 1. Characteristics of included study participants and nonparticipants.

NonparticipantsaParticipantsCharacteristics

Total
(n=1631)

Controls
(n=96)

FPNs
(n=1389)

SPNs (n=146)Total (n=591)Controls
(n=150)

FPNsc

(n=340)
SPNsb

(n=101)

 

719 (44.1)42 (43.8)606 (43.6)71 (48.6)301 (50.9)62 (41.3)189 (55.6)50 (49.5)Female, n (%)

776 (47.6)54 (56.2)657 (47.3)65 (44.5)290 (49.1)88 (58.7)151 (44.4)51 (50.5)Male, n (%)

136 (8.3)0 (0)126 (9.1)10 (6.8)N/AN/AN/AN/AdSex missing,

n (%)

33 (18-51)31 (18-51)34 (18-51)34 (18-49)32 (19-53)29 (18-48)34 (19-53)32 (19-51)Age at recruit-
ment (years),
mean (range)

146 (9.0)17 (17.7)111 (8.0)18 (12.3)120 (20.3)57 (38.0)44 (12.9)19 (18.8)<25 years old,

n (%)

277 (17.0)25 (26.0)234 (16.8)18 (12.3)134 (22.7)40 (26.7)69 (20.3)25 (24.8)25-29 years old,
n (%)

288 (17.7)19 (29.8)245 (17.6)24 (16.4)117 (19.8)20 (13.2)78 (22.9)19 (18.8)30-34 years old,
n (%)

777 (47.6)30 (31.3)672 (48.4)75 (51.4)220 (37.2)33 (22.0)149 (43.8)38 (37.6)≥35 years old,

n (%)

143 (8.8)5 (5.2)127 (9.1)11 (7.5)N/AN/AN/AN/AAge missing,

n (%)

N/AN/A7 (0-15)8 (0-14)N/AN/A8 (0-16)7 (0-14)Age at 1st diag-
nosis (years),
mean (range)

N/AN/A1980-20121980-2005N/AN/A1980-20121980-2011Year of 1st

diagnosis

N/AN/AN/A16 (1-30)N/AN/AN/A16 (2-35)Years between
1st and 2nd di-
agnoses, mean
(range)

N/AN/AN/A24 (5-41)N/AN/AN/A23 (5-46)Age at 2nd diag-
nosis (years),
mean (range)

N/aN/AN/A1989-2014N/AN/AN/A1986-2018Year of 2nd

diagnosis

aInformation available only for nonparticipants from the main study.
bSPNs: second primary neoplasms.
cFPNs: first primary neoplasms.
dN/A: not applicable.
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Table 2. Cancer sites and cancer therapies of the included study participants and nonparticipants.

NonparticipantsaParticipantsCancer site (International Classification of

Childhood Cancer 3rd Edition)

FPNs

(n=1389)

SPNs

(n=146)
FPNsc

(n=340)

SPNsb

(n=101)

1st neoplasm, n (%)

641 (46.1)66 (45.2)166 (48.8)41 (40.6)Leukemia (I(a), I(b), I(c), I(d))

485 (34.9)40 (27.4)135 (39.7)41 (40.6)Lymphoma (II(a), II(b), II(c))

138 (9.9)29 (19.9)35 (10.3)15 (14.9)Central/peripheral nervous system (III(a), III(b), III(c), III(d), IV(a))

0 (0.0)0 (0.0)4 (1.2)4 (4.0)Other tumors V, VI(a), IX(a), IX(e)

2nd neoplasm, n (%)

N/A55 (37.7)N/Ad30 (29.7)Thyroid cancer (XI(b))

N/A53 (36.3)N/A32 (31.7)Skin carcinoma (XI(e))

N/A11 (7.5)N/A4 (4.0)Malignant melanoma (XI(d))

N/A16 (11.0)N/A9 (8.9)Leukemia (I(a), I(b), I(d))

N/AN/AN/A6 (5.9)Lymphoma (II(a), II(b))

N/AN/AN/A9 (8.9)Central nervous system (III(a), III(b), III(e))

N/AN/AN/A3 (3.0)Breast cancer (XI(f))

N/AN/AN/A6 (5.9)Other unspecific carcinoma (XI(f))

N/AN/AN/A2 (2.0)Sarcoma (IX(d), IX(e))

3rd neoplasm, n (%)

——eN/A1 (1.0)Renal carcinomas (VI(b))

——N/A2 (2.0)Skin carcinoma (XI(e))

——N/A1 (1.0)Breast cancer (XI(f))

——N/A2 (2.0)Other and unspecified carcinomas (XI(f))

——N/A2 (2.0)Other specified intracranial and intraspinal neoplasms (III(e))

4th neoplasm, n (%)

——N/A1 (1.0)Thyroid cancer (XI(b))

Cancer therapies for the 1st neoplasm, n (%)

——312 (91.8)93 (92.1)Chemotherapy

——225 (66.2)74 (73.3)Radiation therapy

——64 (18.8)25 (24.8)Surgery

Cancer therapies for the 2nd neoplasm, n (%)

——N/A22 (21.8)Chemotherapy

——N/A21 (20.8)Radiation therapy

——N/A56 (55.4)Surgery

Cancer therapies for the 3rd neoplasm, n (%)

——N/A1 (1.0)Chemotherapy

——N/A2 (2.0)Surgery

Cancer therapies for the 4th neoplasm, n (%)

——N/A1 (1.0)Surgery

aInformation available only for nonparticipants from the main study.
bSPNs: second primary neoplasms.
cFPNs: first primary neoplasms.
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dN/A: not applicable.
eInformation on 3rd and 4th diagnoses were obtained only from participants; therefore, this information is not available for nonparticipants.

For 95% (87/91) of participating SPN cases, suitable FPN
controls with a maximum difference of 3 calendar years between
first diagnoses could be identified (Multimedia Appendix 1).
For the remaining 5%, the time difference was increased to 4-7
calendar years. The matching rate was comparable to the age
at first diagnosis: 98% of SPN cases and FPN controls were
diagnosed within 3 years of age, and 100% were diagnosed
within 4 years of age. Matching for age at recruitment was
accomplished within a 3-year age range for 93% (85/91) of
participating SPN cases and FPN controls. The remaining 7%
were matched by a maximum age range of 5 years. For 7 SPN
cases (7/101, 6.9%), no suitable FPN cases participated in the
study. However, their information from genetic analyses and
questionnaires as well as the information from all other
incomplete matching groups will also be included in the
analyses.

Cancer-free controls (n=150) were recruited during their stay
in the orthopedic surgery department and matched by age and
sex to participating SPN cases and FPN controls. Participation
proportion for cancer-free controls was originally 66.3% (163
participants of 246 directly contacted persons), but 6 cancer-free
controls were excluded due to cancer diagnoses, 4 cancer-free
controls actively withdrew from participation during the study
period, 2 had to be excluded due to nonresponse, and 1 was
excluded due to diabetes (Figure 1). An additional cancer-free
control took part in both the pilot study and the main study, and
therefore, this participant was excluded from the pilot data.

The difference in age at recruitment for participating SPN cases
and cancer-free controls was not larger than 3 years for 95%
(76/81) of cancer-free controls and not more than 5 years for
98% (79/81; Multimedia Appendix 1). Only 2 cancer-free
controls (2/81, 2%) could not be matched within this age range.
Included controls had a short hospital stay due to injuries or
their consequences (87/150, 58.0%), joint diseases (17/150,
11.3%), osteopathy and chondropathy (14/150, 9.3%), diseases
of the soft tissue (9/150, 6.0%), arthrosis (6/150, 4.0%),
orthopedic after treatments (2/150, 1.3%), diseases of the skin
and subcutaneous tissue (2/150, 1.3%), congenital malformations
or deformities of the musculoskeletal system (1/150, 0.7%),
diseases of the musculoskeletal system and connective tissue

(1/150, 0.7%), or diseases of nerves, nerve roots, and nerve
plexus (1/150, 0.7%). For 6.7% (10/150) of controls, no reason
for the hospital stay was given.

Taking group changes from FPN to SPN into account, final
participation proportions were 40.9% (101 participants out of
247 invited persons) for SPN cases, 19.7% (340 participants
out of 1729 invited persons) for FPN controls, and 61.0% (150
participants out of 246 contacted persons) for cancer-free
controls (Table 1). Mentioned reasons for refusal to participate
were lack of interest or perceived lack of personal benefit (7
SPN, 49 FPN, 34 cancer-free controls), expenditure of time (36
SPN, 130 FPN, 14 cancer-free controls), illnesses (12 SPN, 20
FPN, 5 cancer-free controls), fear of skin biopsy (12 SPN, 50
FPN, 14 cancer-free controls), and unavailability due to
insufficient language skills or problems of comprehension or
incorrect contact information (1 SPN, 6 FPN, 5 cancer-free
controls). All other participants (1235/1631, 75.7%) provided
no reason for their refusal to participate.

In summary, this study successfully obtained questionnaire data
for 85 SPN cases (84.2% of 101 participating SPN), 325 FPN
controls (95.6% of 340 participating FPN), and 146 cancer-free
controls (97.3% of 150 participating cancer-free controls). Skin
biopsies were available from 92 SPN cases (91.1% of 101
participating SPN), 307 FPN controls (90.3% of 340
participating FPN), and 100 cancer-free controls (66.7% of 150
participating cancer-free controls). Overall, 3886 cryogenic
tubes with primary skin fibroblasts were cryopreserved in liquid
nitrogen for further experiments with a mean of 6.8 tubes per
participant (SD 4.2, range: 0-28). In total, saliva samples were
dispensed from 84 SPN cases (83.2% of 101 participating SPN)
and 319 FPN controls (93.8% of 340 participating FPN), as
well as from 108 cancer-free controls (72.0% of 150
participating cancer-free controls). Only 2 SPN cases, 3 FPN
controls, and 13 cancer-free controls were unwilling to provide
any biosamples for RNA and DNA analyses. Further, 2 FPN
controls were excluded from the extraction of biosamples
because of former hepatitis infections. Details on available
survey modules and biosamples for participants are shown in
Table 3 for each donor group.
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Table 3. Actual available survey modules and biosamples for participants in each donor group.

Total (n=591)Controls (n=150)FPNsb (n=340)SPNsa (n=101)Type of data

Questionnaire data, n (%)

554 (93.7)144 (96.0)325 (95.6)85 (84.2)Participant information

556 (94.1)146 (97.3)325 (95.6)85 (84.2)Family history of diseases

554 (93.7)144 (96.0)325 (95.6)85 (84.2)Both questionnaires

Biosamples, n (%)

499 (84.4)100 (66.7)307 (90.3)92 (91.1)Biopsy

511 (86.5)108 (72.0)319 (93.8)84 (83.2)Saliva

439 (74.3)71 (47.3)291 (85.6)77 (76.2)Biopsy and saliva

571 (96.6)137 (91.3)335 (98.5)99 (98.0)Biopsy or saliva

20 (3.4)13 (8.7)5 (1.5)2 (2.0)No bio-samples

Cryopreserved tubes of fibroblasts

38869502179757Total, n

6.8 (4.2)6.9 (5.9)6.5 (3.1)7.7 (4.3)Tubes per participant, mean (SD)

0000Tubes per participant, minimum

28281620Tubes per participant, maximum

DNA extracts, n (%)

488 (82.6)97 (64.7)301 (88.5)90 (89.1)From fibroblasts

510 (86.3)107 (71.3)319 (93.8)84 (83.2)From saliva

aSPNs: second primary neoplasms.
bFPNs: first primary neoplasms.

Discussion

Principal Findings
Our molecular-epidemiological study is the first attempting to
analyze observational data from questionnaires and
molecular-biological factors associated with ionizing radiation
in primary human fibroblasts of a unique childhood cancer
survivor cohort. To study molecular-biological factors, we
succeeded in obtaining fibroblasts derived from 499 skin
biopsies and 511 saliva samples of former childhood cancer
patients (SPNs and FPNs) and cancer-free controls. With this
source, we can measure individual reactions to ionizing radiation
in primary human skin fibroblasts. We will use these data for
an informed analysis of potential genetic predispositions.
Predispositions defined through DNA mutations can be
identified using the DNA extracted from fibroblasts as well as
saliva samples. Combining these results with observational data
from questionnaires allows us to control for several confounding
factors. During the recruitment process, we invited all former
SPN and matched FPN patients from the German Childhood
Cancer Registry who met our inclusion criteria. However, the
number of eligible former childhood cancer patients was limited
to 1990 even in such a large and long-running childhood cancer
survivor cohort. While the participation of cancer-free controls
was high (61%), the rate of participation among former
childhood cancer patients was rather low (SPN 41%, FPN 20%).
Different participation proportions can be explained by the
nature of this study’s sampling strategy. Cancer-free controls

were contacted in the hospital before undergoing surgery.
Biopsies were then taken during that procedure without further
effort for the patient. In contrast, SPN and FPN patients needed
to travel or keep set appointments made for the biopsy. In
general, the study involved complex logistics and high time
expenditure for participants, especially for SPN and FPN
participants. By implementing the possibility for former
childhood cancer patients to participate near their residence, we
reduced their effort and time spent on recruitment to a minimum.
Our design required immense efforts in recruitment and data
collection for the study centers. These efforts were worthwhile
as they increased the rate of participation, even though an
invasive procedure, such as skin biopsy, was demanded from
more or less healthy individuals, and individual genetic analyses
were performed. In summary, our study provides a new way of
exploring the interplay between childhood cancer and second
primary cancer predisposition and ionization radiation. We hope
that this study will set a precedent and encourage others to
perform similar projects on the international scale, requiring
primary fibroblasts for experiments from large childhood cancer
survivor cohorts and to investigate the underlying reasons for
childhood cancer. This would help to improve therapeutic
strategies, reduce the risk of developing a second primary
cancer, and enhance the quality of the patients’ lives.

To identify molecular mechanisms potentially related to
radiation and the development of childhood cancer, analyses at
different levels are required to increase our knowledge. On the
genomic level, single nucleotide polymorphisms (SNPs) can
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and should be analyzed in a population-based sample as it is
common in genome-wide association studies (GWAS). Our
sample size is limited by the number of available SPN cases
and thus corresponds more to the size of a clinical cohort, which
does not allow direct transfer of a GWAS approach. However,
such clinical cohorts often consider gene expression and less
frequently SNPs, which makes direct transmission difficult [92].
Additionally, the investigation of radiation-induced effects will
be carried out experimentally by gene expression measurement
before and after irradiation. To investigate the connection
between radiation and childhood cancer, statistical techniques
from these 3 perspectives — GWAS, clinical cohorts, and
experiments — must be combined. With this combination, an
increase in statistical power can be achieved. However,
sufficient statistical power will still be limited to strong
associations.

Strengths and Limitations
In contrast to previously conducted studies that investigated the
association between ionizing radiation and cancer risk
[35,62-69,93-106], this epidemiological study is one of the first
enabling the collection of detailed molecular-biological
information before and after exposure of primary fibroblasts
from a large number of participants exposed to diagnostic and
therapeutic doses of ionizing radiation to investigate innate
genetic radiation responses in the patients’normal somatic cells
[60,61]. We chose to perform experiments with primary
fibroblasts, although lymphocytes used in other studies [107]
would have been easier to attain by venipuncture. However,
their survival and prolonged cultivation without immortalization
by Epstein-Barr virus transformation are very limited [108].
Moreover, as some of our SPN and FPN donors have received
bone marrow transplants, blood samples would have contained
foreign blood cells of the bone marrow donors [109], which
makes it impossible to analyze germline mutations of included
cases. By measuring individual reactions to different exposures
of radiation in normal somatic cells of the same person, our
design enables us to create several exposure scenarios for the
same participant simultaneously and therefore to trick the
problem of counterfactual thinking and to avoid some
confounding and bias [70]. The combination with observational
data from questionnaires on medical radiation history, health,
and family history of diseases allows comprehensive control
for important confounders in the development of cancer. With
additional collection of saliva samples from participants, DNA
from an independent source is available for the validation and
replication of results.

There are also several limitations to our study design. Given
that we will analyze primary fibroblasts as monolayer cell
cultures in vitro, this approach does not allow consideration of
nontargeted radiation responses, such as the intercellular
transmission of primarily adverse radiation effects to
unirradiated neighboring cells via the so-called bystander effect,
and their role in the development of therapy-related SPN [110].
Thus, the complexity of the 3D interaction of the in vivo
radiation response and its clinical manifestation cannot be
adequately represented by experiments in our study with
monolayers of a single cell type. In addition, gene expression
and radiation response of the chosen primary fibroblasts might

not be representative of cells of various target organs and all
cancer subtypes. However, the experiments conducted in this
study enable first and very important insights into the etiology
of childhood cancer and SPN. Moreover, the biological
endpoints of this study might be influenced by the exposure
history of the fibroblasts to possible carcinogenic factors (eg,
cancer therapy, alcohol, tobacco, medication). To deal with this
problem, our questionnaires cover a broad spectrum of possible
confounding factors and allow us to control for them. As with
all epidemiological studies requiring biological material from
patients, our study underlies an inherent survivor bias, as solely
living patients could be recruited. Severe cases with high
mortality (eg, acute myeloid leukemia after acute lymphoid
leukemia or 2 diagnoses in rapid succession) cannot be captured
to a full extent by this study. A selection bias cannot be ruled
out in this study, as individuals, either without long-term health
damages or with severe health problems, might be less motivated
to participate. Moreover, a family history of cancer might
influence the willingness to participate, and the statistical power
might be limited by the sample size of available former
childhood cancer cases. However, the invitations to this study
included the maximum number of former childhood cancer
patients registered in the German Childhood Cancer Registry
that met the inclusion criteria. The recruitment of living patients
several years after their diagnosis for the study further limited
our analysis to particular patients that suffered from first and
second malignancies with a good prognosis. The source
population of hospital-based, cancer-free controls is regionally
limited to the rural and urban areas around the University
Medical Center in Mainz, while population-based cases were
recruited all over Germany. However, we do not expect any
major differences in the source populations since we expect that
neither the interplay between hereditary dispositions and
radiation nor cancer have any causal effect on hospitalization
after an accident in the Mainz area. Thus, restricting the majority
to these controls is equivalent to taking a simple random sample
of the original population [74]. In addition, it is known that
participation decreases in populations with lower education as
well as in very high-income groups. Even though there is no
information on socioeconomic status for nonparticipants, we
were able to compare the available information of the
nonparticipants with the obtained information of the participants.
The distribution of sex, age, and age at first diagnosis was
similar among participants and nonparticipants and is
representative for former childhood cancer patients with these
diagnoses in Germany [32].

Conclusions
To our knowledge, this is the first molecular-epidemiological
study on radiation, childhood cancer, and second primary cancer
providing a large number of primary fibroblasts from skin
biopsies of well-characterized and carefully matched participants
for irradiation experiments. In this study, we were able to
successfully recruit 441 former SPN and FPN patients from the
large survivor cohort of the German Childhood Cancer Registry
long after their diagnosis and 150 cancer-free control patients
from the Department of Orthopedics and Traumatology of the
University Medical Center Mainz. In future projects, the
combination of experimental and observational data with a
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unique study sample, including primary normal somatic cells
from former childhood cancer patients and cancer-free controls,
will forward research on radiation-related risk factors for
childhood cancer, SPNs, and its underlying genetics. Using the
gained knowledge from irradiation experiments and analyses

on different molecular levels (eg, DNA, RNA, epigenetics), we
aim to overcome challenges of personalized childhood cancer
therapies and gain insight into the detrimental cellular responses
and potential mechanisms of low medically applied radiation
doses.
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Abstract

Background: One in three patients with psoriasis will develop psoriatic arthritis (PsA). If left untreated, this can lead to pain,
impaired function, and irreversible joint damage. Timely recognition and referral to a rheumatologist are therefore key. However,
current methods used to screen patients with psoriasis for those who might benefit from referral to a rheumatologist are not
performing well enough.

Objective: The Discovery of Arthritis in Psoriasis Patients for Early Rheumatological Referral (DAPPER) study is designed
to determine the prevalence of PsA in a psoriasis population and to find parameters that can be used to develop a new or enhance
an existing instrument for a rheumatological referral.

Methods: DAPPER is a longitudinal observational study with a 1-year follow-up. Patients with psoriasis (N=300) who are
treated at an outpatient dermatological clinic will be screened extensively for signs and symptoms of PsA by a trained
rheumatologist. If there is clinical suspicion of PsA and the patient is not yet treated by a rheumatologist, referral to the Department
of Rheumatology will follow for confirmation of the diagnosis and further care. After 1 year, data on changes in quality of life
and PsA and psoriasis disease activity will be collected from the referred patients. The screening visit will be used to gather
demographical and medical data, which can later be used to develop the aforementioned screening instrument.

Results: Inclusion started in June 2019 and finished in June 2021. Follow-up with newly discovered patients with PsA is
ongoing.

Conclusions: The DAPPER study is specifically designed to improve the detection of existing PsA in a dermatologic outpatient
setting. Although internal validity will be tested, external validity will have to be checked using a second validation cohort. To
predict the development of PsA in the future, longitudinal/prospective data collection is required and will be performed in a
follow-up study (DAPPER-i).

Trial Registration: Dutch Trial Register NTR7604; https://www.trialregister.nl/trial/7397

International Registered Report Identifier (IRRID): DERR1-10.2196/31647

(JMIR Res Protoc 2021;10(11):e31647)   doi:10.2196/31647
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Introduction

Psoriasis is a common immune-mediated skin disease. Besides
skin and nails, psoriatic disease can also involve several other
domains such as the entheses and the peripheral as well as the
axial joints. This involvement of the musculoskeletal system
defines psoriatic arthritis (PsA). PsA is an inflammatory
rheumatic disease, related to other spondyloarthritides such as
reactive arthritis, ankylosing spondylitis, or inflammatory bowel
disease–associated arthritis. About one in three patients with
psoriasis in the dermatological outpatient clinic will eventually
develop PsA [1,2]. The order and amount of domains involved
display a large variation in different patients and at different
time points [3]. However, the musculoskeletal symptoms often
develop after the disease shows itself in skin or nails. On
average, the lag time between skin and joint involvement is 10
years [4].

When joints or entheses become inflamed, these can cause
significant pain and have a large impact on the quality of life
[5]. Moreover, ongoing inflammation of joints can lead to
irreversible joint damage and disability [6,7]. Early and adequate
treatment of arthritis leads to an improvement of both joint
function and quality of life [8,9]. Therefore, it is important to
recognize and treat patients with concomitant arthritis as soon
as possible.

The treatment strategies for psoriasis and PsA show considerable
overlap [10,11]. Several pharmacological options are effective
and recommended to treat both skin and joints. These
encompass, for example, conventional systemic drugs such as
methotrexate and several biological drugs such as tumor necrosis
factor alpha inhibitors and interleukin-17 inhibitors. However,
some options are only available for one of these disease entities.
This may be because of the delivery mode (eg, topical
application of creams for psoriasis or local injections of
corticosteroids for PsA) or because of a difference in efficacy
in controlling either joint or skin disease (eg, retinoids for
psoriasis and leflunomide for PsA). This could mean that the
therapy a patient uses for their skin can also be effective for
their musculoskeletal complaints.

To ensure early adequate treatment and prevent (irreversible)
morbidity, early recognition and early referral to a
rheumatologist are key. The combined guidelines of the
American Association of Dermatologist and the National
Psoriasis Foundation calls screening of patients with psoriasis
for PsA “essential at each visit” [12]. However, recognition of
inflammatory joint complaints is not part of the dermatological
scope. In addition, due to a large prevalence of noninflammatory
joint complaints, referral of all patients with musculoskeletal
pain is considered an unnecessary drain of resources. Therefore,
about one in three patients with PsA remain unrecognized in
the dermatological clinic [1] and are at risk for irreversible
damage.

To aid the recognition of PsA by dermatologists, several
screening questionnaires have been developed [13-16]. Most
of these are based on multiple patient-reported signs or
symptoms and result in a cumulative score. Referral to a
rheumatologist is recommended when a certain score is reached.

Unfortunately, testing of these questionnaires in new cohorts
often had disappointing results [17,18]. The long average lag
time between psoriasis and PsA also necessitates repeated use
of a screening tool on a regular basis. However, none of the
questionnaires were validated for reuse. These are all clues that
current referral strategies are inadequate.

By screening a psoriasis population for the presence of
concomitant PsA, we want to determine the prevalence of
(undiscovered) PsA in this group. During this screening visit,
we will gather data about several clinical characteristics. These
will be used to ultimately develop a new or enhance an existing
instrument for rheumatologic referral. This study is therefore
called the Discovery of Arthritis in Psoriasis Patients for Early
Rheumatology Referral (DAPPER).

Methods

Aim
The aim of this study is to determine the number of patients
with (untreated) PsA in a group of psoriasis patients in a
dermatological outpatient clinic. Furthermore, we want to
optimize the detection of PsA in patients with psoriasis in a
dermatological outpatient clinic. For this purpose, we defined
the following research questions.

The primary objective is to determine the prevalence of very
early, newly-discovered, and known PsA in a cohort of patients
with psoriasis treated at a dermatology outpatient clinic.

The secondary objectives include determining if, in newly
diagnosed patients with PsA, PsA disease activity and quality
of life differ before and 1 year after rheumatological referral in
case of PsA; discovering clinical parameters that are associated
with the presence of PsA in a cohort of patients with psoriasis;
and using the aforementioned parameters to develop a new or
enhance an existing screening tool for concomitant PsA in
patients with psoriasis.

Design
The DAPPER study is a monocenter observational study with
a follow-up of 1 year. We will examine 300 patients stratified
1:1:1 according to current dermatological treatment (topical or
UV therapy only, conventional systemic medication but no
biologicals, biological therapy).

The initial screening at the dermatology department will include
a 68 tender joint count, 66 swollen joint count, a dactylitis count
(0-20), and enthesitis scores (Leeds Enthesitis Index [LEI] [19]
and the enthesitis score of the Spondyloarthritis Research
Consortium of Canada [SPARCC] [20]). Inflammatory back
pain will be assessed via the criteria of the Assessment of
Spondyloarthritis International Society [21]. At this study visit,
no laboratory tests or imaging will be performed for diagnostic
purposes.

To investigate possible identifying characteristics or confounders
for the detection of PsA, the study visit will also be used to
gather demographical data (comorbidity, treatment data, and
clinical characteristics of the skin). An example of the interview
guide used is shown in Multimedia Appendix 1.
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Referral and Referral Criteria
If there is a clinical suspicion of PsA in the study visit according
to the study physician (trained rheumatologist), the patient will
be referred to the Department of Rheumatology. Referral to a
rheumatologist will be at the discretion of the investigator. A
patient will be referred when not under current rheumatological
care and when meeting one of the following criteria: one or
more swollen joints, clinical evidence of inflammatory
enthesitis, and/or inflammatory back pain. Other reasons to
suspect PsA can also give rise to referral (eg, restricted
movement in a joint or prolonged morning stiffness). From there
on, these patients will be investigated and treated as in regular
PsA care. This will include confirmation of the diagnosis with
additional laboratory tests and imaging, and treat-to-target via
the Psoriatic Arthritis Disease Activity Score (PASDAS) [22].

Follow-up
Only those patients with a newly discovered PsA, as confirmed
by a rheumatologist after referral, will be approached for
follow-up after 1 year. At that moment, changes in treatment,
disease activity, and health-related quality of life (HR-QoL)
will be noted.

Study Setting
This study will be carried out in the outpatient clinic of the
Department of Dermatology in an academic center in the
Netherlands (Radboud University Medical Center, Nijmegen).
This department is a national psoriasis expertise center. Patients
will initially be screened at the Department of Dermatology for
signs or symptoms of enthesitis, dactylitis, arthritis, or
inflammatory back pain by a trained rheumatologist. When
additional rheumatological evaluation is required, patients are
preferentially referred to the Department of Rheumatology of
the Sint Maartenskliniek in Nijmegen. Here, the patient will be
assessed by a rheumatologist with special expertise in PsA.
When requested by the patient, a referral to another
rheumatologic center is also possible.

Participants
All patients with a clinical diagnosis of psoriasis who are treated
at the outpatient clinic are eligible for this study. Neither current
nor previous treatment by a rheumatologist nor a previous
diagnosis of PsA are exclusion criteria. Patients must be 18
years or older and be able to give written informed consent.

Study Size
For the logistic model, we aim to use 5 to 10 independent
variables. The number of independent variables used in the
model will be restricted to 1 per 10 events (ie, 1 per 10 PsA
cases). Therefore, we aim to have 50 to 100 PsA cases.
Assuming a prevalence of PsA of 20% to 30% [1], this means
we need 167 (prevalence 30%, 5 predictors) to 500 (prevalence
20%, 10 predictors) patients with psoriasis. Using a total number
of 300 patients, we expect to find up to 60 to 90 PsA cases,
ensuring we can incorporate 6 to 9 independent variables.

Recruitment
All patients eligible for the study will be asked for study
participation by their dermatologist. Written and oral

information about the study will be given by the investigator.
A study visit will be planned adjacent to a regular outpatient
visit with the dermatologist. Before the study visit starts, written
informed consent is obtained from the patients.

Outcome Measures
The primary outcome measure will be the percentage of
investigated patients with the diagnosis of PsA. This diagnosis
will be accepted if it was confirmed by a rheumatologist in
correspondence. Fulfillment of Classification Criteria for
Psoriatic Arthritis (CASPAR) is not required [23]. After 1 year,
patient files of the referred patients will be checked to confirm
the diagnosis. If the suspicion of active PsA is confirmed,
treatment changes and their effect on disease activity will be
noted. Alternatively, the other rheumatological diagnosis will
be noted.

In the referred patients with PsA, HR-QoL will be assessed via
two disease-specific questionnaires at referral and 1 year
thereafter. Skin-related impact will be explored via the
Dermatological Life Quality Index (DLQI) [24]. Joint-related
impact will be explored via the Psoriatic Arthritis Impact of
Disease (PsAID) [25].

Outcome Variables

Prevalence of PsA
To ascertain the presence of PsA, we will ask the patient about
joint and enthesis complaints (location, pattern, and intensity),
morning stiffness (duration), and whether or not they ever had
a diagnosis of arthritis. For confirmation of arthritis, dactylitis,
or enthesitis, we will perform joint counts (swollen, tender, and
dactylitis) and enthesitis indices (LEI and SPARCC). After
referral, the diagnosis of PsA or alternative diagnosis will be
retrieved from (the correspondence gathered in) the electronic
patient file.

Effect of Referral
In referred patients with confirmed PsA, we will retrieve data
at time of referral and 1 year later. We will use the PASDAS
as a disease activity score, which gives a full overview of the
PsA disease spectrum. We will evaluate both the combined
disease activity score and the specific scores of tender and/or
swollen joints, dactylitis, and enthesitis. In addition, treatment
changes (either instigated by rheumatologist or dermatologist)
will be retrieved from the electronic patient file. Impact on
HR-QoL will be assessed by questionnaires before referral and
after 1 year (DLQI [24], PsAID12 [25]).

Possible Identifying Characteristics for the Presence of
PsA in Psoriasis
We will gather information about demographic variables,
comorbidity, intoxications, and family history. Family history
and comorbidity will be targeted at diseases that are associated
with spondyloarthritis, such as uveitis, psoriasis, and
inflammatory bowel disease. Next to that, the Charlson
Comorbidity Index [26] and Functional Comorbidity Index [27]
will be used to evaluate a total comorbidity burden. Data about
comorbidity specifically associated with either psoriasis or PsA
(eg, hepatic [28], psychological [29], and cardiovascular [30]
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diseases) will be added. In addition, current and previous
treatment for either PsA or psoriasis will be noted. Severity and
location of psoriasis (via Psoriasis Area and Severity Index [31]
and body surface amount will be noted. Nail involvement will
be assessed via Nail Psoriasis Severity Index [32] and Nijmegen
Nail Psoriasis Activity Index Tool [33]. Three of the currently
used screening questionnaires (ie, Psoriasis Epidemiology
Screening Tool [PEST], Toronto Psoriatic Arthritis Screen
[ToPAS], and Psoriatic Arthritis Screening and Evaluation
[PASE]) will be used to collect clinical characteristics that have
been previously discovered in their development [13-15].

Statistics

Prevalence
The primary outcome of this study will be the point prevalence
(number per 100 patients) of PsA in established patients with
psoriasis. Sensitivity analyses will be performed by including
or excluding patients with an uncertain diagnosis after 1 year,
patients who refuse referral, or patients who are otherwise lost
to follow-up.

Effect of Referral
The effect of referral on treatment changes, disease activity,
and HR-QoL will be assessed qualitatively in an explorative
descriptive matter. No formal statistical analyses will be applied.

Possible Identifying Characteristics for the Presence of
PsA in Psoriasis
The identifying value of various clinical markers for the
presence of PsA in psoriasis will be processed as independent
variables in a univariate logistic regression model. Diagnosis
of PsA (yes/no) will be the dependent variable. Variables that
are statistically related to the outcome (P≤.20 in univariate
modeling) and are clinically and methodologically feasible
(based on a favorable balance between prevalence in the cohort,
effect size, and ease of measurement) will be selected. The
subsequent selection of variables will be tested in a multivariable
logistic regression model with backward stepwise selection.
Sensitivity analysis will be performed by reclassifying patients
with an uncertain diagnosis as cases. The number of possible
independent variables will be limited based on a minimum of
10 events (PsA diagnoses) per variable. Bootstrapping will be
used to assess the internal validity of the model in terms of
overoptimism and shrinkage.

Data Handling
The collected data will be entered in CASTOR, an electronic
database set up for clinical trials. Data will be coded and kept
by personnel trained in Good Clinical Practice. Handling of
personal data will comply with the Data Protection Law.

During the informed consent procedure, patients will be asked
if gathered data can be used for further research involving
psoriasis or PsA. Only data from patients who gave consent for
this can be reused in accordance to FAIR (Findable, Accessible,
Interoperable, Reusable) principles.

Monitoring will be performed by certified personnel from the
Radboud University Medical Center, according to the guidelines
of the NFU (Dutch Federation of University Medical Centers).

Ethical Considerations
DAPPER has been approved by the Ethical Committee of the
region Arnhem-Nijmegen, Radboud University Medical Centre
(NL68137.091.18). It has been registered in the Dutch Trial
Register (NTR 7604). All study procedures will be performed
in accordance with the ICH guidelines on Good Clinical Practice
and the principles of the Declaration of Helsinki.

Results

Ethical approval was obtained by the Ethical Committee of the
region Arnhem-Nijmegen, Radboud University Medical Centre
(NL68137.091.18) in April 2019. Inclusion started in June 2019
and finished in June 2021. Follow-up is expected to be finished
in December 2022, thereby ending the study.

Discussion

PsA is an inflammatory disease of joints and entheses, which
can cause pain, disability, and a diminished quality of life.
Moreover, prolonged arthritis can lead to permanent irreversible
joint damage [6,7]. Early recognition, for example, by screening
populations at high risk for PsA, may be able to prevent joint
damage by facilitating timely treatment. The high prevalence
of PsA in patients with psoriasis and the fact that skin complaints
mostly appear years before joint involvement make this
population suitable for the implementation of screening.
However, current screening questionnaires are not sufficient.
Therefore, we wish to determine if current screening and referral
strategies are satisfactory, and to improve them if necessary.

In our study, we used three of the previously developed
questionnaires: PASE, PEST, and ToPAS [13-15]. Although
their sensitivity and specificity could be improved, we feel that
the possibly identifying variables used in these questionnaires
warrant further evaluation [17,18]. Our study has several
strengths that may overcome the suboptimal performance of
the beforementioned questionnaires. First, the PASE and PEST
development studies were hampered by a low amount of PsA
cases (17 and 12, respectively) [13,14]. Second, the setting of
our study in the Dermatology Department ensures access to the
target population with minimal extra burden for the patient.
Although the ToPAS study included 164 patients with PsA,
most of these were recruited via the Rheumatology Department.
Only 123 study participants were recruited via the Dermatology
Department, giving rise to 30 PsA cases [15]. As stated in the
study size, we expect to find 60 to 90 PsA cases in our cohort.
Therefore, we expect our model to be more precise.

To develop a good referral tool, the patient population on which
development of the model is based is crucial. A limitation of
our study could be the academic setting. However, to ensure a
more representative case mix, we stratified for current treatment.
By using treatment modality as a proxy for severity and by
limiting the amount of patients using third-line therapy (eg,
biological and targeted therapies), we aim to simulate a
population representative of an average dermatological
outpatient clinic. Noteworthy in this context is the fact that this
study does not provide a validation cohort. Internal validity will
be checked by bootstrapping. Before implementing the referral
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tool, external validity has to be assessed via a second (validation)
cohort. Ideally, this second cohort will be found at one or more
other centers, both academic and nonacademic.

A second important choice is the definition of the outcome. In
this cohort, we choose not to use the CASPAR criteria [23].
These classification criteria are designed to ensure a
homogenous PsA population at the start of the trial. However,
these criteria are not meant to be used as diagnostic criteria. In
clinical practice, the diagnosis made by the rheumatologist
(expert opinion) remains the gold standard. However, since all
referred patients in this cohort will have clinical psoriasis, they
only need one more point (ie, nail psoriasis, negative rheumatoid
factor, dactylitis, or PsA-specific lesions on imaging) to fulfill
the criteria (assuming that there is an inflammatory joint or
entheseal lesion). Therefore, we expect that (almost) all patients
diagnosed with PsA from this cohort will fulfill CASPAR
criteria.

The long lag time between skin and joint involvement (on
average, 10 years [4]) also has several consequences for a
referral tool. When screening for current concomitant PsA, a
tool must be applied several times during follow-up. Ideally,
every contact moment between treating dermatologist and
patient would be an opportunity to check for suspicion of PsA.
This means that the investment to use the tool must be minimal,
both in time and in money. Therefore, we choose to use only

clinical parameters in our data collection. It will be easy for a
dermatologist to gather this data from a patient without the
necessity for further laboratory or imaging techniques.

A second consequence of the repeated use of the referral tool
is that its validity in reuse must be evaluated. With this study
design, we cannot assess this validity in repeated use.
Implementation of the developed tool in the follow-up of this
cohort can be a way to test this.

Ideally, one would want to predict the development of PsA
before symptoms or damage arise. However, it is important to
realize that the aforementioned design of the DAPPER is
focused on detection rather than prediction. We believe that
prediction is a much desired goal, and several studies have
reported about signs and symptoms that may present themselves
some time before development of full-blown PsA [34,35].
However, the long lag time of PsA in patients with psoriasis
means that development and validation of a prediction tool takes
a decade or longer. Therefore, we choose to focus on improving
the detection of PsA until such prediction tools are available.

In conclusion, the DAPPER study will help improve psoriasis
care by providing us information about the extent of
(un)diagnosed arthritis in this population. The gathered data
about the patients with and without arthritis can then be used
to develop an improved screening and referral tool to ensure
adequate and timely care for those patients who need it.
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Abstract

Background: After the global spread of SARS-CoV-2, research has highlighted several aspects of the pandemic, focusing on
clinical features and risk factors associated with infection and disease severity. However, emerging results on the role of smoking
in SARS-CoV-2 infection susceptibility or COVID-19 outcomes are conflicting, and their robustness remains uncertain.

Objective: In this context, this study aims at quantifying the proportion of SARS-CoV-2 antibody seroprevalence, studying the
changes in antibody levels over time, and analyzing the association between the biochemically verified smoking status and
SARS-CoV-2 infection.

Methods: The research design involves a 6-month prospective cohort study with a serial sampling of the same individuals. Each
participant will be surveyed about their demographics and COVID-19–related information, and blood sampling will be collected
upon recruitment and at specified follow-up time points (ie, after 8 and 24 weeks). Blood samples will be screened for the presence
of SARS-CoV-2–specific antibodies and serum cotinine, being the latter of the principal metabolite of nicotine, which will be
used to assess participants’ smoking status.
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Results: The study is ongoing. It aims to find a higher antibody prevalence in individuals at high risk for viral exposure (ie,
health care personnel) and to refine current estimates on the association between smoking status and SARS-CoV-2/COVID-19.

Conclusions: The added value of this research is that the current smoking status of the population to be studied will be
biochemically verified to avoid the bias associated with self-reported smoking status. As such, the results from this survey may
provide an actionable metric to study the role of smoking in SARS-CoV-2 infection and COVID-19 outcomes, and therefore to
implement the most appropriate public health measures to control the pandemic. Results may also serve as a reference for future
clinical research, and the methodology could be exploited in public health sectors and policies.

International Registered Report Identifier (IRRID): DERR1-10.2196/32285

(JMIR Res Protoc 2021;10(11):e32285)   doi:10.2196/32285

KEYWORDS

antibody persistence; cotinine; COVID-19; SARS-CoV-2; seroprevalence; smoking impact; smoking status

Introduction

Overview
SARS-CoV-2 is the novel coronavirus strain that was first
reported as a cluster of viral pneumonia cases of unknown
etiology in Wuhan, the capital city of Hubei Province in China,
on December 31, 2019. The spreading of SARS-CoV-2 reached
pandemic proportion in March 2020, and as of April 2021, more
than 141 million cases had been confirmed, and more than 3
million fatalities had occurred worldwide [1].

In late February 2020, the first nonimported cases of COVID-19
were identified in Italy. Since then, SARS-CoV-2 spread rapidly
to the community, as reported by national health authorities [2].
On May 23, 2020, at the time of project proposal design, the
Italian Ministry of Health reported that, of the 229,327 people
who had contracted the virus, 57,752 were still positive, of
whom 8695 (15%) were hospitalized with symptoms; 572
(1.0%) were admitted in intensive care units (ICUs); and the
remaining 48,485 (84%) were self-isolating at home; 32,735
(14.3%) had died, and 138,840 (60.5%) healed on a total of
2,164,426 tested cases [3]. As of April 2021, 3,870,131 cases
and 116,927 deaths have been recorded in the country [4].

Since the beginning of the pandemic, the global scientific
community was engaged in intense research efforts to
understand all aspects of this public health crisis, from the
clinical features of the disease and risk factors for adverse
outcome, the patterns of viral spread in the population, the role
of asymptomatic or subclinical cases in human-to-human
transmission, and the serological response. The clinical features
of COVID-19 range from a self-limited flu-like syndrome to
progressive lung involvement with respiratory failure and
widespread systemic effects [5-7]. Epidemiological surveillance
has primarily focused on hospitalized patients with severe
disease, and as such, the full spectrum of the disease, including
the extent and proportion of mild or asymptomatic infections,
is less clear. Evidence suggests that asymptomatic or
oligosymptomatic infection is not uncommon [8-11]. A recent
review reported that at least one third of SARS-CoV-2 infections
are asymptomatic and that almost three quarters of persons who
are asymptomatic at the time of a positive polymerase chain
reaction (PCR) test result will remain asymptomatic [12].
Remarkably, sequelae of previous viral pneumonia have been
reported in chest computed tomography scans of asymptomatic

individuals [13], and SARS-CoV-2 transmission from
asymptomatic cases to others has been documented [13,14].

In this frame, a seroprevalence study is an ideal attempt for
measuring the true infection rates in general or specific
populations [11,15,16]. In Italy, a nationwide survey was
conducted by the National Institute of Statistics, reporting an
IgG seroprevalence of 2.5% [17]. However, there is limited use
of seroprevalence studies to retrospectively identify potential
predictors of infection susceptibility and disease severity, both
in the general population and in specific subgroups (eg, smokers,
pediatric populations, or older adults).

Several risk factors for severe COVID-19 have been identified,
including cardiovascular disease, diabetes, obesity, and chronic
obstructive pulmonary disease [18-21]. Intuitively, one
important additional risk factor is expected to be cigarette
smoking. Smokers have a higher risk for developing viral and
bacterial respiratory infections [22-24], being five times more
likely to have influenza and twice more likely to develop
pneumonia [25].

However, the role of smoking in SARS-CoV-2 infection
susceptibility and COVID-19 outcomes is still unclear. Although
there appears to be a higher risk for ICU admission and adverse
outcomes [26-28], it has been reported that the prevalence of
smoking among hospitalized COVID-19 patients is far lower
than would be expected based on population smoking prevalence
[29-32]. These findings were initially derived from Chinese
case series, and although it is possible that the prevalence of
smokers in the Chinese case series may be underrepresented
due to inaccurate recording of their smoking status, similar
findings have been reported in France [30], Germany [33], Italy
[34], and the United States [32,35].

It is not clear how far the underrepresentation of smokers among
COVID-19 inpatients reflects problems with poor reporting of
the smoking status. Given the challenging circumstances of the
pandemic, recall or reporting bias cannot be excluded. The
possibility for inaccurate recording, false reporting, or
underreporting of the smoking status due to the challenging
situations at wards/ICUs with work overloads and operating in
a persistent state of emergency should not be underestimated.
Improving the quality of clinical and behavioral data mandates
the need for an accurate and dedicated recording of the smoking
status. Alternatively, population-level data collected outside of
hospital settings are required. Another important limitation is
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that most of the observations were unadjusted for
smoking-related comorbidities, which are known to be
associated with higher risk for an adverse outcome in patients
with COVID-19 [18]. Lack of adjustment for relevant
confounders means it is not possible to disentangle the effect
of smoking. Addressing all these limitations is important for
evaluating clinical risk, developing clear public health messages,
and identifying targets for intervention.

Research Objectives
Surveillance of antibody seropositivity in a population can allow
inferences to be made about the cumulative incidence of
infection in the population. Additionally, little is currently
known about antibody kinetics. Asymptomatic infected persons
may clear the virus more quickly than do symptomatic patients,
and antibody titers in the former are likely to be lower, if they
seroconvert at all, than in infected symptomatic patients [11,36].
Furthermore, understanding the association between smoking
and SARS-CoV-2 infection susceptibility or COVID-19
outcomes is generally limited and of poor quality.

To summarize, there is a need for robust population-based
evidence on the association of smoking with SARS-CoV-2
infection and COVID-19 outcomes, adjusting for potential
confounding variables (eg, sociodemographic characteristics,
key worker status, and comorbid health conditions), and a
population seroprevalence study could be useful for this goal.
The following key research questions will be addressed:

• Does smoking increase susceptibility to SARS-CoV-2
infection?

• Does smoking increase susceptibility to COVID-19
outcomes?

• Does smoking affect the serological response after
SARS-CoV-2 infection?

Research Proposal
We propose a 6-month prospective study using in combination
a random population sample (taken from residents of the town
of Troina; the town with the highest prevalence of positive
SARS-CoV-2 cases in Sicily at the time of drafting the protocol
in March-May 2020) and a convenience sample (taken from
staff of the Troina’s main health care establishment, reported
to have high infectious levels in the same time period) to
investigate the prevalence of past infection, as determined by
seropositivity (anti–SARS-CoV-2–specific IgG by
enzyme-linked immunosorbent assay [ELISA]). The
biochemically verified smoking status of the study population
(ie, serum cotinine) will be correlated with serological data and
COVID-19 outcomes (ie, clinical symptoms and hospitalization).

Study Aim
Epidemiological exposure data and venous blood (for
measurements of anti–SARS-CoV-2–specific IgG and serum
cotinine levels) will be systematically collected. Demographic,
medical history, and epidemiological exposure data will be
recorded from specifically designed questionnaires (for

COVID-19 outcomes, relevant comorbidities, and smoking
status) and shared rapidly in a format that can be easily
aggregated, tabulated, and analyzed across many different
regional (or national and international) settings for timely
estimates of COVID-19 virus infection and its immunologic
response rates according to the smoking status, and to inform
public health responses and policy decisions.

Methods

Specific Aims
In summary, the main objectives of the study will be to:

• Quantify the proportion of SARS-CoV-2–infected people
(by serology assessment of anti–SARS-CoV-2 IgG levels)
in a random population sample at baseline

• Quantify the proportion of SARS-CoV-2–infected people
(by serology assessment of anti–SARS-CoV-2 IgG levels)
in a convenience sample (hospital staff) at baseline

• Quantify the proportion of participants with asymptomatic
SARS-CoV-2 infection

• Quantify the proportion of mildly-to-moderately
symptomatic (management at home) COVID-19 cases
among all participants

• Quantify the proportion of severely symptomatic
(management at hospital) COVID-19 cases among all
participants

• Quantify the proportion of biochemically verified (by serum
cotinine) current, former, and never smokers among all
participants (random population sample + convenience
sample)

• Quantify the proportion and analyze the association between
smoking status (current, former, and never smokers) and:
• SARS-CoV-2 infection (asymptomatic and

symptomatic combined)
• Asymptomatic SARS-CoV-2 infection
• Mild-to-moderate COVID-19 (management at home)
• Severe COVID-19 (hospitalization needed)

• Record relevant clinical confounders known to be associated
with COVID-19 outcomes

• Compare anti–SARS-CoV-2 IgG levels at baseline among
current, former, and never smokers

• Monitor and compare anti–SARS-CoV-2 IgG levels changes
from baseline to 2 months and 6 months among current,
former, and never smokers.

Study Design
This study will investigate the association between
biochemically verified smoking status of the study population
and serological data as well as COVID-19 outcomes (ie, clinical
symptoms and hospitalization). The research design involves a
6-month prospective multiple cohort study with serial sampling
of the same individuals each time. Sampling will be commenced
in July and repeated at 8 weeks (Figure 1). A final follow-up
visit will be carried out at 24 weeks.
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Figure 1. The Troina Study: design.

Study Population and Setting
Within the geographic scope of the study, high incidence of
positive cases was identified in the general population of Troina,
a town of around 9000 inhabitants in the province of Enna, in
the center of Sicily. This town was hit hardest in terms of
COVID-19 cases during the first wave in Italy [2-4], with
hundreds of cases registered in the first epidemic weeks in
March 2020 [37,38], and was declared a red zone on March 29,
2020, with the enforcement of lockdown retractions in that area
[38]. The study population will consist of a population-based,
age-stratified cohort in Troina that will be sampled through
random selection of town residents. Identification and
recruitment of participants will expand over different age groups
to determine and compare age-specific attack rates. For logistic
reasons, specimen and data collection will be performed at a
single location, asking participants to travel to that location to
participate in the study. Targeted testing will also be extended
to a convenience sample consisting of about 600 staff members
of Troina’s main health care establishment (high-risk
individuals).

Eligibility Criteria
Any individual identified for recruitment, irrespective of age,
can participate. Exclusion criteria will be refusal to provide
informed consent or contraindication to venipuncture. Suspected
or confirmed active/acute or prior SARS-CoV-2 infection should
not be considered as an exclusion criterion for this investigation.
Doing so would underestimate the extent of infection in the
population. For individuals currently receiving medical care for
COVID-19 infection, a family member or proxy may be used
to complete the questionnaire on their behalf.

Smoking Status Definition
Current smokers will be defined as those who report that they
smoke and have serum cotinine levels ≥20 ng/mL. Former
smokers will be defined as those who report that they used to
smoke in the past but not now and have serum cotinine levels
<20 ng/mL. Never smokers will be defined as those who report
that they never smoked in the past and have serum cotinine
levels <20 ng/mL.

Data Collection
Each participant recruited into the study will be asked to
complete a questionnaire that will record the following
information: demographics, information about known
COVID-19 and relevant clinical course, comorbidities, and
smoking status.

Specimen Collection
A small amount of blood (10 mL) will be collected from each
participant upon recruitment (T0) and at specified follow-up
time points (T8wks, T24wks).

Specimen Transport and Biobanking
For each biological sample collected, the time of collection, the
conditions for transportation, and the time of arrival at the study
laboratory will be recorded. Specimens should reach the
laboratory as soon as possible after collection. Serum should
be separated from whole blood and stored at –20 °C or lower
and shipped on dry ice. A biobanking facility will be established
in Troina.

Sample Storage
Prior to testing, serum samples will be stored at –80 °C at the
reference biobanking facility. It is recommended to aliquot
samples prior to freezing to minimize freeze thaw cycles.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e32285 | p.423https://www.researchprotocols.org/2021/11/e32285
(page number not for citation purposes)

Polosa et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Serological Testing
Serologic assays of high sensitivity and specificity for
SARS-CoV-2 have been recently validated and published.
Serum samples will be screened for the presence of
SARS-CoV-2–specific antibodies using a quantitative ELISA
test for anti–SARS-CoV-2 IgG (Euroimmun, CND
W0105040619) [39].

Serum samples will be stored at –80 °C until use, and the assay
will be performed according to the manufacturer’s protocol.
The neutralization capability, specificity, and sensitivity of the
test have been thoroughly investigated and published together
with the assay validation [40]. Reagent wells of the assays are
coated with recombinant structural protein (S1 domain) of
SARS-CoV-2. The optical density (OD) will be detected at 450
nm, and a ratio of the reading of each sample to the reading of
the calibrator, included in the kit, will be calculated for each
sample (OD ratio). The cutoff value for IgG OD ratio is 0.3.
Following blocking, diluted serum (1:100 or 2-fold serially
diluted for titers) will be added and incubated at 37 °C for 1
hour in the 96-well microtiter ELISA plates. Antigen-specific
antibodies will be detected using peroxidase-labeled rabbit
antihuman IgG and TMB as a substrate. The absorbance of each
sample will be measured at 450 nm. Laboratory procedures
involving sample manipulation must be carried out in a biosafety
cabinet.

Cotinine Assay
About 1mL of serum will be pipetted into 10 ml tubes and 100
ng/mL of Ortho-cotinine used as internal standard will be added.
About 50 µL of 0.1 M aqueous sodium hydroxide solution will
then be added to the culture tube followed by 325 µL of
chloroform. The tube will be secured with cap and vortex mixed
for ~3 minutes (using VX 2500 Multi Tube Vortex Mixer) and
centrifuged for ~4 minutes (in Beckmann Allegra centrifuge)
at 2500 rpm. Using a glass Pasteur Pipette, the top aqueous
layer will be removed and discarded into the hazardous waste
container and the organic layer will remain in the tube. About
~100 mg (0.1 g) of anhydrous sodium sulfate will be added to
the organic layer and allowed to rest for ~3 minutes (which will
allow the sodium sulfate to absorb any water that may be present
in the organic layer). In the end, the clear organic layer (with
no water) will be carefully removed (without disturbing the
settled sodium sulfate), concentrated to ~100 µL vial insert and
placed in a gas chromatography (GC) vial. The concentrated

sample will be capped and arranged on to an auto sampler tray
for GC injection. One microliter (µL) of each sample will be
injected into HP-5 Capillary GC Column (0.32 mm ID, 25 m
length, and 0.52 µm film thickness; bonded 5% phenyl; and
95% dimethylpolysiloxane) of GC–nitrogen phosphorous
detector. The inlet temperature will be 250 ̊ C at split-less mode.
The initial oven temperature will be 70 ̊ C with a 1-minute hold
and then increased to 230 ˚C at the rate of 25 ˚C per minute.
Every batch of samples will be run with 6 calibration levels (20,
50, 100, 200, 400, 600 ng/mL), 4 quality controls (20, 100, 400,
600 ng/mL), and 1 blank control for accurate quantification.
The amount of cotinine will be reported in ng/mL. The limit of
quantification of cotinine is 20 ng/mL.

Statistical Plan
Estimates of margin of error as a function of seroprevalence are
low for 300 samples. We will be aiming for >1000 samples of
a representative sample of the population by gender and age
groups (0-17 years, 18-65 years, and 66 years and older).

For the enrollment of participants into the study, the following
inclusion and exclusion criteria need to be fulfilled:

• Inclusion in population criteria:
• Aged into the aforementioned groups
• Living in the town of interest
• Willing to participate in the baseline and to be

recontacted for follow-up waves

• Exclusion from population criteria:
• Persons belonging to the institutionalized population

• Exclusion from sample (censoring) criteria:
• Moved to another village during the study period
• Those stating explicitly their wish not to be recontacted

for this study

To correctly represent the population involved, the age groups
of interest have been assigned to three different categories by
gender in terms of population size. A corresponding targeted
sample size for this study is specified for each category.

In the entire population, we estimated several sample sizes
depending on the margin of error equal to 0.03, 0.04, or 0.05
for estimate proportions of the sampled population, as shown
in Table 1.
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Table 1. The Troina Study: sample size calculation.

Margin of error 5%cMargin of error 4%bMargin of error 3%aParticipants, nAge groups and gender

0-17 years

2947100694Male

274493648Female

57901931342Total

18-65 years

1161853962751Male

1181894032803Female

2353747995554Total

>65 years

4165138961Male

52831781237Female

931483162198Total

Total

1862976344406Male

1983166744688Female

38461313089094Total

a(N * 1308) / total (N=9094) = n.
b(N * 613) / total (N=9094) = n.
c(N * 384) / total (N=9094) = n.

We will draw a multilayered sample with a confidence level of
0.97% to minimize the margin of error to 3% and ensure the
best reliability of the sample data. The planned total sample
size comprises up to 1308 participants at the recruitment stage.
The attrition rate is estimated at 10%.

Information will be collected in a standardized format according
to the questionnaires and tools in the protocol. The data shared
should include only the study identification number and not any
personal identifiable information. We will report the following
information:

• The number of households and the number of individuals
included

• The age and sex of all individuals included
• The antibody levels in the sample of all individuals included
• The number of individuals with serologic evidence of

COVID-19 virus infection (stratified by age)
• The number of individuals with serologic evidence of

COVID-19 virus infection who have reported symptoms
• The number of individuals with known previous

SARS-CoV-2 infection who were hospitalized or recovered
at home

• The number of individuals with serologic evidence of
COVID-19 virus infection who are current, former, and
never smokers (biochemically verified by serum cotinine
assay)

Sociodemographic and baseline characteristics will be
summarized for the Troina population, for the convenience
sample, and for the total sample recruited. Categorical variables
will be reported as numbers and proportions with 95% CIs.

Between-group comparisons will be carried out using chi-square
testing or Fisher exact test, as appropriate. Continuous variables
will be reported as means and SDs, and as medians and IQRs.
Between-group comparisons will be carried out using tests like
analysis of variance, Mann-Whitney U test, or Wilcoxon signed
rank test, as appropriate. The proportions of patients developing
a positive PCR test for SARS-CoV-2 result over the course of
the study will be reported as numbers and proportions with 95%
CIs, separated by subgroups identifying those with symptomatic
or asymptomatic infection. Data on change in antibody levels
from baseline to follow-up will be presented for the whole
recruited population. Statistical significance of change will be
estimated using repeated-measures t testing. Correlation between
smoking status and the risk of COVID-19 infection will be
tested using a 3 × 2 chi-square test of independence. A P value
≤.05 will be considered to represent the threshold of statistical
significance for all comparisons.

Data Collection Procedures
To accomplish the specific aims of the project, data will be
stored in a database system after each completed collection step
and transferred to central data management for further data
processing and merging. Each participant will be assigned a
unique identification code consisting of a number identifier that
will be used for data merging. After data collection, data
validation checks will be performed as agreed in a data
validation plan, and data cleaning procedures will be used as
applicable to ensure the best achievable quality of data for
analysis purposes. Only the study staff working with the
fieldwork provider will be able to identify the participants based
on the identification codes. Only deidentified data will be
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transferred from the fieldwork provider to the central data
management. All electronic data files will be kept on secure
servers with backup processes in place. Personal data of
participants must be strictly kept separately from study data and
is accessed only by authorized staff for the purposes of the study
conduct. Before starting data collection, the involved staff will
receive training on the background and objectives of this study,
on eligibility criteria, on the participant selection procedure, on
ethical obligations, on completion and validation of the
procedure, and on the data collection platform. Local fieldwork
staff will be trained for each relevant data collection process
and logistic-related procedure.

Eligible participants are informed about the study purpose, their
requested tasks, time of involvement, data confidentiality, and
data protection. Once they stated their willingness to participate,
they will proceed with the screening and study enrollment.
Enrolled participants have the right to stop their participation
at any time without any penalty. Preferably, the reason for the
premature end of participation will be recorded. Participants
who drop out will not be replaced. Every effort will be made
to protect participant confidentiality according to the General
Data Protection Regulation.

Results

We expect to find a higher prevalence of antibodies in
individuals at high risk for viral exposure (ie, health care

personnel and other essential workers) according to previous
evidence and to refine current estimates on the association
between smoking status and SARS-CoV-2/COVID-19. A total
of 1785 participants have been enrolled in the study. Data
cleaning and analyses are ongoing.

Discussion

This project is the first population-based study that uses
seroprevalence data and an objective assessment of the current
smoking status to examine the association between smoking
and SARS-CoV-2 infection susceptibility and severity.
Additionally, the study will examine for the first time the
magnitude of the seroconversion response in current smokers,
compared to former and never smokers, and the changes in
antibody titers over time according to the smoking status. Instead
of focusing on hospitalized patients only, the study will also
include participants who infected individuals who were either
asymptomatic or had COVID-19 but were not hospitalized. It
will also consider confounding factors in the association between
smoking and SARS-CoV-2 that were not addressed in previous
research. Finally, the results from this survey may serve as a
reference to other contexts and provide an actionable metric to
quantify and offer a clear overview of SARS-CoV-2 spread,
and the methodology and findings can be exploited in public
health research and policies to minimize the disease impact and
implement the most appropriate prevention measures to protect
susceptible populations.
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Abstract

Background: In the past few decades, Lebanon has witnessed a significant increase in the incidence rates of women diagnosed
with breast cancer. This increase, which is associated with the advancements in treatment modalities, emphasizes the need to
evaluate the health-related quality of life (HRQoL) of women with breast cancer and to compare its patterns before and after
breast-conserving surgery (BCS).

Objective: This study aims to describe changes in HRQoL according to body image pre- and post-BCS and just before initiation
of adjuvant therapy in newly diagnosed patients with breast cancer in Lebanon.

Methods: A prospective cohort study targeting Lebanese women newly diagnosed with breast cancer and who have an indication
for BCS will be conducted in 2 health care facilities. Baseline characteristics and clinical data will be collected. The European
Organization for Research and Treatment of Cancer Quality-of-Life cancer-specific and breast cancer–specific questionnaires
will be used to assess HRQoL. The outcomes will be measured at baseline and 1 day after breast surgery. The primary outcome
will be the body image dimensions of the Quality-of-Life breast cancer–specific questionnaire. Statistical analyses will include
descriptive statistics, paired 2-tailed t test, and stepwise multiple regression. A total of 120 patients will be required.

Results: A total of 120 patients were enrolled in the study. Future outcomes will be published in professional peer-reviewed
health-related research journals.

Conclusions: This study is strengthened by its follow-up nature, allowing us to draw conclusions about causality. The results
of this study will identify the most affected components of HRQoL, as well as the factors that could play a role in improving
HRQoL among women undergoing BCS. The findings of this study will help decision makers, physicians, and social workers to
design a comprehensive program with multidisciplinary components for the management and care of patients with breast cancer
in Lebanon.

International Registered Report Identifier (IRRID): DERR1-10.2196/27893
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Introduction

Background
Approximately 2.1 million women were newly diagnosed with
breast cancer in 2018 worldwide [1]. According to Global
Cancer Observatory estimates, 684,996 breast cancer–related
deaths occurred in 2020 [2]. In the Arab World, the incidence
of breast cancer represents 14%-42% of all cancers in women
[3]. This wide range is attributed to the capability of each
country to detect, monitor, and treat patients with breast cancer
[4]. For example, Kuwait, Bahrain, and Qatar can be classified
as high-incidence areas with >40% of all female cancers [5].
Meanwhile, the United Arab Emirates, Saudi Arabia, and Oman
are classified as low-incidence areas [6]. Lebanon, in particular,
is a small Arabic middle-income country with a prominent breast
cancer incidence [7]. A significant number of Lebanese women
are diagnosed with an incidence rate that has been on the rise
over the years, going from a reported 1451 cases in 2005 to
3219 cases in 2018 [8-10]. Approximately 920 (10%) breast
cancer–related deaths occurred in 2018 [1].

Breast-conserving surgery (BCS) is one of the most
recommended treatments for early-stage breast cancer [11,12].
According to El Saghir et al [4], BCS in Lebanon increased
from 48% between 1997 and 2002 to 64% between 2002 and
2010, with a corresponding decrease in the total mastectomy
rate from 51% to 36%.

Despite the increase in BCS, this treatment carries an array of
side effects and uncomfortable physical symptoms as well as
psychological disturbances, such as fear of recurrence, feelings
of decreased femininity and attractiveness, and depression. The
experience of breast cancer has a prevailing effect on female
body image, which varies according to the clinical features and
phases of the disease [13]. Unfortunate body image perceptions
have the potential to negatively impact the physical and
psychological functioning of patients with breast cancer and
subsequently their health-related quality of life (HRQoL) [14].

Body image is defined as women’s perception and feelings
about their body and their self-observation, self-esteem, social
interaction, and belief [15]. Han et al [16] found that patients
with breast cancer who had better conceptualization of their
body image better managed with cancer. Furthermore, fatigue
is one of the most common and disabling HRQoL symptoms
of cancer among women successfully treated for breast cancer
[17]. Fatigue is defined as a general feeling of debilitating
tiredness or loss of energy. Fatigue can be associated with
several symptoms, such as pain, sleep disturbance, and
depression [18,19]. Thus, the impact of body image and fatigue
on HRQoL can be extensive, reducing the patient’s engagement
in work and personal and social activities [20]. With the
intention of supporting patients who adapt to their illness and
report positive mental health states, several studies have been
performed to identify psychological resources that predict better
outcomes. One of these resources is habitual or dispositional
optimism, a personality trait that describes the degree to which
a person generally expects positive outcomes [21,22].
Dispositional optimism is associated with HRQoL [23,24].

Robust scientific data on the HRQoL of patients with breast
cancer postactive treatment in Lebanon, especially those who
experienced BCS, are still scarce. Only 2 single-center studies
with cross-sectional designs were conducted in Lebanon [25,26].
Data of the first study collected from 89 participants between
2009 and 2010 showed that younger, single, and better-educated
participants who were diagnosed for <30 months, who had no
metastasis, and who paid <US $450 per month on medical
expenses had better HRQoL. The second study conducted among
150 female patients with breast cancer diagnosed between
January 2009 and March 2014 showed that participants who
were Iraqi, had stage 4 disease, had a monthly household income
<US $1000, or had received chemotherapy exhibited
significantly lower HRQoL. Impaired quality of life (QoL) was
also reported in patients with worse psychological well-being
[26]. The results of this study cannot be generalized because of
the lack of a well-representative sample and the small sample
size of patients [27-30]. In addition, this study did not compare
the QoL of the same individuals at several time points but rather
compared different participants with various times elapsed since
diagnosis.

Objectives
This study aims to describe changes in the HRQoL according
to body image pre- and post-BCS and just before initiation of
adjuvant therapy in newly diagnosed patients with breast cancer
in Lebanon. The secondary objectives are (1) to assess changes
in the HRQoL according to fatigue and optimism and pessimism
between pre- and post-BCS and (2) to identify sociodemographic
and clinical factors associated with changes in the HRQoL.

Methods

Study Design
To meet the objectives of the study, a prospective study must
be conducted.

Characteristics of Participants

Inclusion Criteria
Only the patients who met the inclusion criteria were invited to
participate in this study.

Patient inclusion criteria are women aged ≥18 years; recently
diagnosed with invasive early breast cancer of stages 1, 2a, and
2b who are scheduled to undergo breast surgery as primary
treatment; without a history of another type of cancer or
metastasis; with an absence of other medical or psychiatric
conditions; with no previous chemotherapy or radiotherapy;
able to read and write the Arabic language; and able to sign
informed consent.

Exclusion Criteria
Patients were excluded if they met any of the following
exclusion criteria: women who are pregnant or breastfeeding,
women who were treated with neoadjuvant chemotherapy,
women who had bilateral breast cancer, and women with an
active infection or other underlying serious conditions that may
prevent the patient from receiving surgery.
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Proceedings
After an explanation of the study, the principal researcher will
answer the participants’ questions and present the consent form
for signature. Patients will complete the questionnaires during
2 periods: the first assessment will be done on the admission
day, and the second period is 1 day after the surgery (Figure 1).
The estimated average time spent on assessment will be 30-45
minutes. The patients will complete the following
questionnaires:

• The European Organization for Research and Treatment of
Cancer Quality of Life cancer-specific questionnaire
(EORTC QLQ-C30) to assess HRQoL [31]

• The European Organization for Research and Treatment of
Cancer (EORTC) Quality of Life breast cancer–specific
questionnaire (QLQ-BR23) to assess HRQoL

• The Multidimensional Fatigue Inventory (MFI-20) to assess
the multidimensional aspect of fatigue [32]

• The Life Orientation Test (LOT) to assess Optimism and
Pessimism [24]

• The European Quality of Life group 5-Dimensional
questionnaire–5 Level version (EQ-5D-5L) to assess
HRQoL [33]

The study will be conducted in 2 hospitals located in Beirut,
namely Rafik Hariri University Hospital and Sahel General
Hospital. The duration of the study is estimated at approximately
34 months.

Figure 1. Study flowchart. EORTC QLQ-BR23: European Organization for Research and Treatment of Cancer Quality of Life breast cancer–specific
Questionnaire; EORTC QLQ-C30: European Organization for Research and Treatment of Cancer Quality of Life cancer-specific Questionnaire;
EQ-5D-5L: European Quality of Life group 5-Dimensional questionnaire–5 Level version; LOT: Life Orientation Test; MFI-20: Multidimensional
Fatigue Inventory.
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Ethical Statement
The proposal of the study was approved by the institutional
review board of the Rafik Hariri University Hospital in Beirut
(reference number: 18.007-Trans-CMO-[OM]) and the ethical
committee of Sahel General Hospital. Informed consent was
obtained from each participant. All necessary measures to
safeguard participants’ anonymity and confidentiality of
information were respected.

Outcome Measures
The primary outcome measure will be a change in the body
image dimension of HRQoL. The secondary outcome measures

will be changes in the HRQoL, first according to fatigue and
second according to optimism and pessimism; the EORTC
QLQ-C30 dimension (physical, emotional, social, role,
cognitive, pain, nausea or vomiting, constipation, diarrhea,
insomnia, dyspnea, and appetite loss); and the EORTC
QLQ-BR23 dimension (sexual functioning, sexual enjoyment,
future perspective, systemic therapy side effects, breast
symptoms, arm symptoms, and upset by hair loss), as
summarized in Table 1.
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Table 1. Outcome measures and source data.

Period of assessmentSource of dataDescriptionValidation in
Arabic language

Outcome and measure

After
surgery

Before
surgery

HRQoLa

✓✓PROdA cancer HRQoL questionnaire that has been widely
used in clinical trials and investigations for individual
patient with cancer management

✓cEORTC QLQ-C30b

[30]

• 30 items
• Includes 5 function domains: physical, emotional,

social, role, cognitive; and 9 symptoms: fatigue,
pain, nausea or vomiting, constipation, diarrhea,
insomnia, dyspnea and appetite loss and global
health or quality-of-life and financial impact

• Recall period: past week
• Items 1-28 formed by Likert scale: 1-4 (very much)
• Items 29-30 formed by Likert scale: 1-7 (excellent)

✓✓PROA breast cancer–specific module of European Organiza-
tion for Research and Treatment of Cancer Quality of
Life Questionnaire

✓EORTC QLQ-BR23e

[40]

• 23 items
• Includes 8 function domains: body image, sexual

functioning, sexual enjoyment, future perspective,
systemic therapy side effects, breast symptoms,
arm symptoms, and upset by hair loss

• Recall period: past week
• Items 1-23 formed by Likert scale: 1-4 (very much)

✓✓PROA measure of HRQoL that can be used in a wide range
of health conditions and treatments

✓EQ-5D-5Lf [33,35,36]

• Includes 5 dimensions: mobility, self-care, usual
activities, pain or discomfort, anxiety or depression

• Includes a visual analog scale
• Such dimensions are evaluated by 3 levels: no

problems, some problems, extreme problems

Body image

✓✓PRO—g✓EORTC QLQ-BR23
[40]

Fatigue

✓✓PROA scale designed to evaluate the dimensions of fatigue✓MFI-20h [39]
• 20 items
• Includes 5 dimensions: general fatigue, physical

fatigue, reduced activity, reduced motivation,
mental fatigue

• Recall period: past 4 weeks
• Items 1-20 formed by Likert scale: 1-5 (no, it’s not

true)

Optimism and pessimism

✓✓PROA scale was developed to assess individual differences
in generalized optimism versus pessimism:

✓LOTi [41]

• 10 items
• Distinguishing between optimism and pessimism
• 3 items measure the optimism, and 3 items measure

the pessimism
• Recall period: present
• Items 2, 5, 6, and 8 are fillers
• Items 1-10 formed by Likert scale: 1-4 (strongly

disagree)
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aHRQoL: health-related quality of life.
bEORTC QLQ-C30: European Organization for Research and Treatment of Cancer Quality of Life cancer-specific Questionnaire.
cFeature present.
dPRO: patient-reported outcome.
eEORTC QLQ-BR23: European Organization for Research and Treatment of Cancer Quality of Life breast- cancer–specific Questionnaire.
fEQ-5D-5L: European Quality of Life group 5-Dimensional questionnaire–5 Level version.
gNot available.
hMFI-20: Multidimensional Fatigue Inventory.
iLOT: Life Orientation Test.

Body Image
Body image will be evaluated using the Arabic version of the
EORTC QLQ-BR23 [30]. The breast cancer module is designed
for patients with different disease stages and treatment
modalities [34].

Functional and symptomatic items of the QLQ-BR23
questionnaire will be rated on a 4-level response system from
not at all (score 1) to very much (score 4), whereas the global
QoL (Q29 and Q30) will be rated on a 7-point response scale.

Health-Related Quality of Life
HRQoL will be evaluated using the Arabic versions of the
EORTC QLQ-C30 and its QLQ-BR23 [30] and the Arabic
version of the EQ-5D-5L [33,35,36].

The EORTC QLQ-C30 is a cancer-specific HRQoL
questionnaire that has been widely used in clinical trials and
investigations for individual cancer patient management [31].
It comprises 30 items. Items 1-28 are assessed on a 4-point
Likert scale from 1, not at all, to 4, very much, and items 29
and 30 from 0 to 7. The EORTC QLQ-C30 incorporates 5
functional scales (physical, role, cognitive, emotional, and
social), 3 symptom scales (fatigue, pain, and nausea and
vomiting), a global health status or QoL scale, and a number of
single items assessing additional symptoms commonly reported
by patients with cancer (dyspnea, loss of appetite, insomnia,
constipation, and diarrhea), and the perceived financial impact
of the disease.

For each scale, a score is generated from 0 to 100 according to
the recommendations of the EORTC such that a high score will
correspond to a high level of global health/QoL health, a high
functional level, and a high symptomatic level.

The QLQ-BR23 incorporates 5 multi-item scales to assess
systemic therapy side effects, arm symptoms, breast symptoms,
body image, and sexual functioning. In addition, single items
assess sexual enjoyment, hair loss, and future perspectives [31].
As with the EORTC QLQ-C30, a score is generated per
dimension such that a high score will reflect a high functional
level and a high symptomatic level [31].

The EQ-5D-5L was also used to assess the patients’ HRQoL
levels. The Arabic version was requested from the European
Quality of Life group [33]. The EQ-5D-5L descriptive system
comprises the same 5 dimensions as the EQ-5D-3L (mobility,
self-care, usual activities, pain or discomfort, and anxiety or
depression); however, each dimension now has 5 response
levels: no problems, slight problems, moderate problems, severe
problems, and unable to or extreme problems. The respondent

is asked to indicate his or her health state by checking the box
next to the most appropriate response level for each of the 5
dimensions [32]. Furthermore, another part of EQ-5D-5L is a
visual analog scale, which can be used to assess the self-rated
health of respondents using a 100 mm scale with the score
ranging from 0 (the worst health you can imagine) to 100 (the
best health you can imagine). The Arabic version of EQ-5D-5L
has been used and validated elsewhere, and it was requested
from the European Quality of Life group [33,35,36].

Fatigue
The MFI-20 is a self-report tool that has been used to assess
fatigue in patients with a variety of cancers [37,38]. The MFI-20
Arabic version will be used to evaluate the multidimensional
aspects of fatigue [39]. The scale comprises items evaluating
general fatigue, physical fatigue, reduced activity, reduced
motivation, and mental fatigue during the past 4 weeks. Each
item is scored on a 5-point Likert scale from 0 (yes, it’s true)
to 5 (no, it’s not true) [32], which is a 20-item scale evaluating
the dimensions of fatigue.

Optimism and Pessimism
The LOT is a 10-item self-report measure; 4 of the items are
filler items that are included to disguise (somewhat) the
underlying purpose of the test. Of the 6 scored items, 3 are
phrased in an optimistic direction and 3 in a pessimistic
direction. The respondents indicated the extent to which they
agreed with each of the items on a 5-point scale from 0 (strongly
disagree) to 4 (strongly agree). The recall period was the present.
The total score was calculated by the addition of the optimism
raw scores and the inverted pessimism raw scores. Scores range
from 0 to 24; higher scores indicate greater optimism, and lower
scores indicate lower optimism, often referred to as pessimism
[24].

Statistical Considerations

Population Analysis
The primary population of analysis will be all included patients
with both questionnaires completed pre- and postsurgery.
Secondary analyses will be conducted on all included patients
with at least the baseline questionnaire completed.

Sample Size
According to the International Agency for Research on Cancer,
the number of new breast cancer cases in Lebanon in 2018 was
estimated to be 3219, regardless of the stage of the disease [10].
To demonstrate a change of at least 5 points and considering a
bilateral type 1 error rate of 5% and a statistical power of 80%
as the minimal clinically important difference in the body image
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score after surgery as compared with the baseline score, with
an SD of 20 points, it will be required to include 120 patients
(paired t test) with both baseline and postsurgery scores
available. Indeed, to explore factors associated with change in
the body image scale after surgery, a multiple linear regression
model will be used. With a sample size of 95 patients, a bilateral
type 1 error rate of 5%, and a statistical power of 80%, we will
be able to introduce 5 explanatory variables in the model in
addition to age as a control variable. To consider 5% of
nonexploitable data, a total of 126 patients need to be included.

Statistical Analysis
Descriptive statistics will be calculated for all study variables
at specified times. The qualitative variables will be expressed
using frequencies and percentages, whereas quantitative data
will be presented as means and SDs, and demographic and
clinical characteristics of patients with breast cancer will be
compared using the t test for continuous variables and chi-square
tests for categorical variables. To determine potential predictors
of HRQoL, bivariate associations among candidate predictor
variables (demographic information, including age, marital
status, family situation, education, employment status,
habitation, and medical data, including the type of surgery,
pathological tumor size, histological grade of tumor, menopausal
status, and hormone receptor status) and HRQoL pre- and
post-BCS scores were examined using Pearson correlation
coefficients. Significant predictor variables for HRQoL will be
included in the multiple regression analyses.

Variables with a P value ≤.20 in the univariate model were
eligible for the multivariate model. The collinearity between
variables will be tested using univariate analysis. Variables
presenting collinearity will not be simultaneously included in
the same multivariate model. A stepwise selection approach
will be then used to select the final multivariate model. The

95% CI will be calculated, and R2 values will be computed to
determine how the data fit the regression model.

Repeated measures analysis of variance (ANOVA) will be used
to determine surgery effects on the variables of interest. To
evaluate the relationships between body image scores, fatigue
scores, optimism and pessimism scores, and HRQoL scores,
Spearman correlation coefficients will be calculated for all
patients pre- and post-BCS.

The scale scores of the EORTC QLQ-C30 and QLQ-BR23 will
be computed as recommended [31]. The minimal clinically
important difference will be set at 5 points for each score of the
EORTC QLQ-C30 and QLQ-BR23 questionnaires [31,42] and
at 10 points for the MFI-20 questionnaire [43]. All the results
will be interpreted within the meaning of this minimal clinically
important difference, in addition to the statistical significance,
to measure the clinical relevance of the results. The percentage
of missing questionnaires and missing items for the HRQoL
questionnaire will be provided. Only women who provide
information pre and after operation could be included for the
comparison.

Analysis of the Primary Outcome
Normally distributed continuous outcomes will be summarized
as means and SDs. The rate of missing data at each HRQoL
measurement time will be reported.

To compare the main scores of the EORTC QLQ-C30,
QLQ-BR23, EQ-5D-5L, MFI-20, and LOT across pre- and
postsurgery data, a paired t test will be used.

To compare possible differences between pre- and postsurgery
outcomes, a one-way ANOVA will be used for quantitative
variables.

The factors associated with the change in HRQoL according to
body image before BCS will be identified using a multiple
regression model. To determine the factors potentially predicting
the change in HRQoL according to body image, Pearson
correlation coefficients between all the numerical variables
collected at inclusion and the body image scores at baseline and
after surgery will be calculated.

Analysis of the Secondary Outcomes
Independent sample t tests and ANOVAs will be used to test
differences in the mean scores of the main questionnaires used
in this study and their subscales (EORTC QLQ-C30,
QLQ-BR23, EQ-5D-5L, MFI-20, and LOT) and mean scores
of demographic variables (age, residence, employment, and
income) and clinical characteristics (comorbidities, BMI, and
laboratory values). Pearson correlation between EORTC
QLQ-C30 and EQ-5D-5L, MFI-20, and LOT scores and their
subscales will be calculated to see which domain has the
strongest relationship with QoL after surgery.

All analyses will be calculated with their 95% CIs; statistical
significance will be set at P<.05. The collected data will be
captured and analyzed using the SPSS software version 26 (IBM
Corp).

Ethics Approval and Consent to Participate
The proposal of study is approved by the institutional review
board of the Rafik Hariri University Hospital in Beirut (reference
number: 18.007-Trans-CMO-[OM]) and the ethical committee
of Sahel General Hospital.

Results

The study received ethics approval from the institutional review
board. Recruitment and enrollment began in January 2018. A
total of 120 patients were enrolled in this study. Future outcomes
will be published in professional peer-reviewed health-related
research journals.

Discussion

Principal Findings
Nowadays, Lebanese women in general reflect the importance
of gender roles in the Lebanese culture and society; most women
are still expected to be homemakers, taking care of their
families’ needs, although many of them work outside the house
and are breadwinners as much as their male partners [30].
However, most studies show that patients with breast cancer
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experience physical symptoms and psychosocial distress that
adversely affect their HRQoL [44,45]. So far, according to
limited data, there is a weakness in studies concerning the impact
of HRQoL on Lebanese women with breast cancer [29]. This
study will report an important gap in the literature by answering
a crucial question regarding the patient-reported outcome of
HRQoL after BCS. In this context, we designed a study to
evaluate HRQoL changes between pre- and post-BCS and just
before initiation of adjuvant therapy in newly diagnosed patients
with invasive breast cancer, targeting the body image dimension
as the primary outcome of interest.

This study is strengthened by its follow-up nature, allowing us
to draw conclusions about causality. However, the
questionnaires used were well-validated in Lebanese
populations. However, some limitations must be acknowledged.
As it is a sample of convenience and not population based, the
generalizability of the results to the entire Lebanese population

is not possible as data were collected from 2 hospitals only.
However, our hospitals are a reference center in Beirut city for
the treatment of breast cancer, and our population could be
representative of this group of patients. On the other hand,
considering the gap in the scientific literature on prospective
studies focusing on HRQoL, body image, fatigue, and optimism
and pessimism before and after BCS, this study is presented as
the first prospective study on HRQoL of breast cancer in
Lebanon.

Subgroup analysis will be performed to compare baseline
characteristics and will be adjusted in the multivariable analysis
considering those variables with significant differences.

Conclusions
In summary, the findings of this study will help decision makers,
physicians, and social workers design a comprehensive program
with multidisciplinary components for the management and
care of patients with breast cancer in Lebanon.
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Abstract

Background: Evidence supports several countries introducing legislation to allow cannabis-based medicine as an adjunctive
treatment for the symptomatic relief of chronic pain, chemotherapy-induced nausea, spasticity in multiple sclerosis (MS), epileptic
seizures, depression, and anxiety. However, clinical trial participants do not represent the entire spectrum of disease and health
status seen in patients currently accessing medicinal cannabis in practice.

Objective: This study aims to collect real-world data to evaluate health-related quality of life in patients prescribed medicinal
cannabis oil and describe any differences over time, from before starting therapy to after 3 and 12 months of therapy.

Methods: Adult patients newly prescribed medicinal cannabis oil by authorized prescribers and under the Special Access
Schemes across Australia will be screened for eligibility and invited to participate. A sample size of 2142 is required, with a
3-month follow-up. All participants will complete the EuroQol 5-Dimension; European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire-30; Depression, Anxiety, and Stress Scale-21; Patients’ Global Impression of Change;
Patient-Reported Outcomes Measurement Information System (PROMIS) Short Form (SF) version 1.0: Sleep Disturbance 8b;
and PROMIS SF Fatigue 13a questionnaires. Patients with chronic pain conditions will also complete the PROMIS SF version
1.0: Pain Intensity 3a and PROMIS SF version 1.0: Pain Interference 8a. Patients with movement disorders will also complete
Quality of Life in Neurological Disorders (Neuro-QoL) SF version 1.0: Upper Extremity Function (Fine Motor and Activities of
Daily Living) and if chorea is indicated, the Neuro-QoL SF version 2.0: Huntington’s Disease health-related Quality of LIFE-Chorea
6a. All questionnaires will be administered at baseline, 2 weeks (titration), monthly up to 3 months, and then every 2 months up
to 1 year.

Results: Recruitment commenced in November 2020. By June 2021, 1095 patients were screened for the study by 69 physicians
in centers across 6 Australian states: Australian Capital Territory, New South Wales, Queensland, South Australia, Victoria, and
Western Australia. Of the patients screened, 833 (39% of the target sample size) provided consent and completed baseline
questionnaires. Results are expected to be published in 2022. Results of this study will show whether patient-reported outcomes
improve in patients accessing prescribed medicinal cannabis from baseline to 3 months and whether any changes are maintained
over a 12-month period. This study will also identify differences in improvements in patient-reported outcomes among patients
with different chronic conditions (eg, chronic pain, MS, epilepsy, Parkinson disease, or cancer).

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e32327 | p.441https://www.researchprotocols.org/2021/11/e32327
(page number not for citation purposes)

Tait et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:margaret-ann.tait@sydney.edu.au
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: This protocol contains detailed methods that will be used across multiple sites in Australia. The findings from
this study have the potential to be integral to treatment assessment and recommendations for patients with chronic pain and other
health indicators for accessing medicinal cannabis.

Trial Registration: Australian New Zealand Clinical Trials Registry: ANZCTRN12621000063819;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=380807&isReview=true

International Registered Report Identifier (IRRID): DERR1-10.2196/32327

(JMIR Res Protoc 2021;10(11):e32327)   doi:10.2196/32327

KEYWORDS

medicinal cannabis; patient-reported outcomes; quality of life; chronic pain; pain management; mental health; depression; anxiety;
cannabis oil

Introduction

Medicinal Cannabis
With the first accounts of cannabis being used as medicine
dating back to China in 2600 BC, its use for medicinal purposes
has been recorded on nearly every continent throughout history
[1]. Many countries criminalized the consumption of cannabis
in the 1900s, consequently limiting the potential therapeutic
benefits and research into medicinal use. However, the
identification of cannabinoids, cannabidiol, and
Δ9-tetrahydrocannabinol as analgesics in 1940 refocused
attention on using cannabis-based medicine as an adjunctive
treatment for the symptomatic relief of chronic pain [1]. The
last 2 decades have seen an increase in medicinal cannabis
research, particularly in response to growing concerns about
the misuse and adverse events associated with opioids [2],
including increased risk of endocrinopathy, bowel dysfunction,
cognitive decline, hospitalization, and death from overdose [3].
Research to date has provided sufficient evidence for several
countries to introduce legislation allowing its use for medicinal
purposes. These policies help to avoid the potential risk of
cannabis abuse by self-medicating [4] and enable appropriate
monitoring of possible adverse drug-drug interactions [5]. In
2020, there were approximately 400,000 medicinal cannabis
patient registrations in Canada [6], more than 60,000 in Germany
[7], and more than 25,000 in Australia [8].

Evidence from randomized controlled trials indicates that
medicinal cannabis can reduce chronic pain [9-12], neuropathic
pain [13], cancer pain [14], chemotherapy-induced nausea [15],
spasticity in multiple sclerosis (MS) [16,17], epileptic seizures
[18], depression [10,12], anxiety [12], improve sleep [19], and
reduce opioid prescription numbers [20]. However, depression,
anxiety, and sleep problems may be exasperated with
formulations containing high ratios of Δ9-tetrahydrocannabinol
[21], and for some health indications, using medicinal cannabis
in a real-world setting may be confounded by drug-drug
interactions [5]. This supports the need for oversight by health
care professionals and further research collecting real-world
evidence.

Why Patient-Reported Outcomes Are Important
A patient-reported outcome (PRO) is any report coming directly
from patients without interpretation by physicians or others
about how the patient feels in relation to a health condition and
its therapy [22]. PROs can include symptoms, aspects of

functioning, multidimensional constructs such as health-related
quality of life (HRQL), and perceptions of treatment. PROs are
regarded as the gold standard for assessing pain [23] and are
particularly important end points to include when assessing
patients with chronic conditions where the primary aim is to
palliate symptoms [24]. These patient reports were captured
and quantified by PRO measures (PROMs) using validated and
reliable standardized questionnaires that allow comparisons
between treatment groups and within groups over time. The
wide acceptance of PROM-based evidence by regulatory bodies
is reflected in the Australian Commission on Safety and Quality
in Health Care’s support of the use of PROMs to drive quality
improvement [25] and the US Food and Drug Administration’s
approval of PROs to support product labeling claims [26].

Health Indications for Accessing Medicinal Cannabis
The Australian Therapeutic Goods Administration (TGA)
currently approves Special Access Scheme (SAS) applications
from health care providers who provide a clinical justification
for prescribing medicinal cannabis where conventional therapies
have failed [8]. There are no TGA-imposed restrictions on the
types of health conditions; however, prescriptions are more
commonly sought for chronic pain and spasticity from
neurological conditions.

Chronic Pain
Chronic pain is a widespread health issue broadly defined as
pain that lasts or recurs for more than 3 months [27] and is
categorized as chronic primary pain—a disease in its own right
such as nonspecific low-back pain—or as chronic secondary
pain initiated as a symptom of an underlying disease, such as
cancer-related pain or neuropathic pain [28]. In Australia, more
than 15% of the adult population lives with persistent chronic
pain or recurring pain lasting longer than 6 months [29]. In the
United Kingdom, as many as 35% of adults experience some
level of chronic pain lasting more than 3 months, with more
than 10% reporting moderate to severely limiting chronic pain
[30]. In 2016, the Centers for Disease Control and Prevention
reported that 20% of US adults had chronic pain and 8%
experienced chronic pain that severely interfered with daily
functioning on most days or every day for a 6-month period
[31].

Cancer-related pain is experienced by approximately one-third
of patients with cancer at diagnosis and during treatment and
by approximately three-fourths of patients with advanced-stage
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cancer. However, 10%-15% of the patients are nonresponsive
to conventional pain therapy [32]. Residual tissue damage from
cancer and cancer treatment often results in chronic pain in
cancer survivors, which lasts many years after treatment [33].

Neuropathic pain, which is caused by a lesion or disease of the
somatosensory nervous system [34], is experienced by
approximately 8% of the population [35] and approximately
86% of the patients with MS [36]. Neuropathic pain is associated
with higher rates of unemployment [35], poor physical,
psychological, and social functioning, significantly impaired
overall HRQL and sleep, and higher depression and anxiety
than those with other chronic pain and those without pain [37].
Less than 35% of the patients with neuropathic pain respond to
conventional therapy [38], whereas others often receive
incomplete pain relief along with conventional treatment-related
side effects [39].

The prevalence of chronic pain increases dramatically in patients
receiving palliative care [40,41]. A study of patients in palliative
care clinics in the United States found that most of them were
admitted with unrelieved pain and that chronic pain assessment
and management were inadequate [42]. In addition, one-third
of the patients receiving palliative care who experienced pain
were significantly more likely to also suffer from depression
[41], report insufficient sleep [43], and were at a higher risk of
opioid misuse [40]. Effective pain and symptom management
aimed at reducing suffering and improving overall HRQL are
the primary goals of palliative care.

Neurological and Movement Disorders
MS is a chronic inflammatory and demyelinating
neurodegenerative disorder that often involves symptoms such
as spasms, tremors, pain, fatigue, bladder dysfunction, cognitive
impairment, depression, and impairments in swallowing, speech,
vision, and balance [44]. In 2018, MS Research Australia
reported an estimated 24,600 Australians with MS, and, on
average, their overall HRQL was 31% less than the Australian
population norm (measured by the health state utility valuation)
[45]. As a currently incurable and often progressive condition,
treatment and management largely focus on improving the
quality of everyday life by relieving symptoms [44]. A
systematic review of reviews conducted in 2018 on the effects
of cannabidiol, Δ9-tetrahydrocannabinol, or cannabidiol and
Δ9-tetrahydrocannabinol formulations in treating MS symptoms
found sufficient evidence supporting cannabinoids in relieving
both pain and spasticity symptoms [46].

Epilepsy is a chronic neurological disease characterized by 2
or more unprovoked seizures and affects approximately 50
million people worldwide [47]. High-quality evidence from
randomized clinical trials suggests that cannabidiol reduces
seizure frequency; however, further examination of PROs is
needed to assess whether cannabidiol interacts with other
antiseizure medications to produce unwanted side effects [48].

Critical Gaps in Knowledge About HRQL in Patients
Accessing Medicinal Cannabis
PRO assessment can assist health care professionals in
monitoring treatment outcomes over time from patients’
perspectives. In 2020, there were no published results from a

centralized PRO data collection for a large sample of patients
accessing prescribed medical cannabis within Australia that
covers all approved health indications using a comprehensive
battery of PROMs. Participants studied under controlled clinical
trial environments have not always been representative of the
entire spectrum of disease and health status seen in people
currently accessing medicinal cannabis in practice [49].
Therefore, although clinical trials provide evidence of the
efficacy of medicinal cannabis, the true gauge of how effective
it is in practice comes from real-world evidence from patients
across all health conditions receiving prescribed medicinal
cannabis [49]. Real-world data are needed to develop a scientific
evidence base to inform regulation and policy making [7].

A scoping review that we conducted identified the following
limitations in the current evidence on PROs for medicinal
cannabis:

1. Very few studies have collected PRO data longitudinally,
including baseline, maintenance, and long-term use data
[4].

2. A large proportion of cannabinoid research was focused on
pharmacokinetic, animal, and preclinical studies.

3. Many cannabinoid clinical studies include case studies [4]
or have small sample sizes [50].

4. Early studies did not use the currently recommended
individualized dosing titration paradigm of starting low and
gradually escalating to achieve optimal effects [50].

5. Formulations studied may not reflect current commercially
available cannabinoid products [11].

6. Many PROMs used have limited validity in the health
conditions assessed [12].

7. Very few clinical studies used comprehensive pain
assessments.

Therefore, the real-world collection of a comprehensive suite
of PROs in a large sample of people across all health conditions,
as approved by the TGA, accessing current formulations of
prescribed medicinal cannabis in Australia is needed to enable
clinically relevant assessment and provide ongoing evidence
for decision-making both in practice and at a policy level.

Objectives
The aim of this study is to evaluate PROs in patients who are
prescribed medicinal cannabis by authorized prescribers and
under the SAS across clinics within Australia. The findings
from this study have the potential to be integral to treatment
assessment and recommendations for chronic pain sufferers and
other patients with health indicators for accessing medicinal
cannabis.

Primary Objective
The primary objective of this study is to describe changes in
the PROs (HRQL, pain, fatigue, sleep, anxiety, and depression)
from baseline to 3 months for a large cohort receiving medicinal
cannabis.

Secondary Objectives
The secondary objectives of this study are to describe changes
in PROS (HRQL, pain, fatigue, sleep, anxiety, depression, and
physical functioning) from baseline up to 12 months and to
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describe differences between patients accessing medicinal
cannabis with different chronic health conditions, including,
but not limited to, chronic pain, MS, epilepsy, Parkinson disease,
and cancer.

Exploratory Objectives
The exploratory objectives of this study are to explore (1) which
individuals are more likely to have lower symptom burden and
greater HRQL, (2) associations among PROs, with the
hypothesis that a high symptom burden is associated with poorer
HRQL, and (3) associations between PROs and resource and
medication use over time, with the hypothesis that lower
symptom burden is associated with reduced health care–resource
use and reduced use of opioids and other prescribed medications
for managing symptoms.

Hypotheses
The study includes 3 hypotheses: (1) PROs will improve from
baseline to 3 months in patients accessing medicinal cannabis,
(2) improvements in PROs at 3 months will be maintained over
a 12-month period, and (3) no differences in PROs will be
observed between patients being treated for different conditions
(eg, chronic pain, MS, epilepsy, Parkinson disease, or cancer).

Methods

Overview of Project Research Design
This is a multicenter prospective longitudinal cohort study of
patients newly prescribed with medicinal cannabis in Australia
by authorized prescribers and under the SAS. The study is

registered in the Australian New Zealand Clinical Trials Registry
(ACTRN12621000063819).

Study Arrangements
To be eligible to participate in the study, participants must have
already been identified as eligible to receive a medicinal
cannabis product from an authorized prescriber or under the
SAS category B pathway, with approval given by the Australian
TGA. This means that a suitable health practitioner has seen
and assessed their patient, adhering to relevant standards of
good medical practice, and successfully applied to the TGA for
access to the particular medicinal cannabis product for the
patient. Little Green Pharma Ltd (LGP) is responsible for the
manufacture and quality of the products following the TGA
guidelines. The prescriber is responsible for the prescription of
the product for the patient and seeking TGA approval either as
an authorized prescriber or under the SAS-B scheme, including
the patient’s informed consent for the product.

The University of Sydney researchers are responsible for the
design of the cohort study and the data collection and analysis,
as outlined in this protocol.

LGP is responsible for arrangements for delivery of the product,
any subsidization arrangements, and the arrangements entered
into with the participating sites and the physicians at these sites.

The prescriber is responsible for identifying the patients suitable
for the study and obtaining consent to email them an invitation
to participate in the study.

Eligibility
The inclusion and exclusion criteria are provided in Textbox 1.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Patient is an adult (aged ≥18 years).

• Patient has been identified as eligible to receive medicinal cannabis by a Therapeutic Goods Administration–approved authorized prescriber or
through the Special Access Scheme (or equivalent in other countries and jurisdictions) and the physician has sought and obtained Therapeutic
Goods Administration approval for the Little Green Pharma Ltd product for their patient.

• Patient is able to read and understand English.

• Patient is able to provide informed consent.

• Patient has not started any prescribed medicinal cannabis therapy in the last 4 weeks or started prescribed Little Green Pharma Ltd medicinal
cannabis therapy within the last 2 days (we expect no therapeutic benefit within 2 days) and did not receive any prescribed medicinal cannabis
therapy in the last 4 weeks.

• Patient has a life expectancy of >3 months.

Exclusion criteria

• Patient is unconscious or confused.

• Patient has cognitive impairment (eg, advanced Alzheimer disease).

• Patient is pregnant or breastfeeding.

• Patient is unable to read and write in English.

• Patient is denied access to medicinal cannabis under the relevant Special Access Scheme for their country of registration.
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Sample Size

Sample Size Considerations
Our aim is to recruit a large, broad, and representative sample
of medicinal cannabis users. Therefore, we will invite every
eligible patient treated at each participating center during a
12-month recruitment period. This large real-world cohort will
enable several important analyses exploring differences in PROs
between disease groups commonly treated with medicinal
cannabis, as discussed in the Objectives section.

Minimum Sample Required for Primary Objective
(Change Over Time)
Following the guidelines [51] for the European Organization
for the Research and Treatment of Cancer Quality of Life

Questionnaire-30 (EORTC QLQ-C30) [52] and allowing for a
20% loss to follow up, a baseline sample size of 2142 is required
with a minimum follow-up of 3 months. This sample size
provides 95% power to detect the smallest effect size threshold
of 0.1 for the insomnia domain of the QLQ-C30, using a 2-tailed
significance level of 1% [53].

Recruitment and Consent Procedures

Screening
Recruitment will take place between November 2020 and
November 2021, with the aim of including all eligible patients
receiving medicinal cannabis at participating sites during the
recruitment period. Figure 1 provides an overview of the patient
recruitment and data collection procedures.

Figure 1. Patient recruitment and data collection process.

LGP, following the World Health Organization Guidelines on
Good Agricultural and Collection Practices for Medicinal Plants
and European Union-Goods Manufacturing Practices standards,

provides its medicinal cannabis products in Australia under the
SAS. As part of this process, LGP engages with medical
cannabis–focused clinics, authorized prescribers, and other
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health care professionals prescribing LGP products and will be
responsible for identifying recruitment sites for this study.
Advertising and information relevant to the study will be
disseminated via a dedicated study website and social media
platforms. Content on the study website will inform potential
participants and recruitment sites of the study objectives, terms,
and conditions, including eligibility criteria, and who to contact
for more information. Approved recruitment sites will receive
study-specific training from the University of Sydney
researchers regarding participant screening and recruitment.

Patients from participating centers who meet the eligibility
criteria will be invited to participate in the study. Patients will
be identified by physicians at recruitment sites and approached
to participate by either the physician or site staff. A record of
those identified as eligible and invited to participate will be
logged in the web-based research database with the patient’s
verbal consent. Physicians at recruitment sites will use a generic
link to access the study database to create a new record for each
patient screened.

The physician or staff at recruitment sites will ask if the patient
agrees to have the Participant Information Statement and
invitation sent to them through email. Patients will be informed
that the process involves recruitment site staff entering the
information, as per the Registration and Clinical Data section,
into the research database, which then sends an invitation to
them automatically. Participants will be informed that email
addresses are stored within the Research Electronic Data Capture
(REDCap) system and used solely for sending reminders to
complete questionnaires at scheduled time points. REDCap [54]
is a secure web-based application developed by Vanderbilt
University that runs on the servers of the University of Sydney,
ensuring that the data stay within the Sydney University data
center.

All patients who provide their email address to receive an
invitation for the study will receive their medicinal cannabis
product at a standardized cost. As medicinal cannabis is still an
unregistered product, it has been difficult to control the cost of
the product; consequently, there has been considerable
variability in what people pay for the product. LGP has partnered
with several pharmacies across Australia to ensure that all
participants taking part in this study will be charged the same
amount for their product, eliminating variability in out-of-pocket
costs and enabling a health economic evaluation.

As soon as an email address is entered in the web-based
database, the patient will receive an email invitation with a link
to the web-based forms for their record. The email will include
the Participant Information Statement (Multimedia Appendix
1) to be considered before giving consent on the web. The
Participant Information Statement contains detailed information
about the rationale, design, and personal implications of the
study. Patients will then provide their consent to join the study
by checking the consent box before being able to proceed to the
data collection forms or they can opt out of study participation
at this point. They have as much time as they need to consider
their participation. The patient’s right to refuse consent without
giving reasons will be respected. If the patient does not respond
to the invitation, 2 daily follow-up reminders will be sent via

email, after which the system will automatically record the
patient as having selected opt out without reason.

Participants will remain free to withdraw from the study at any
time without giving reasons and without prejudicing any further
treatment. Participants can withdraw responses from the study
before the data have been analyzed; otherwise, they will be
included.

Registration
When physicians at recruitment sites complete the web-based
screening form, REDCap will automatically generate a number
to be used as the participant’s study ID number for study
registration.

Data Collection and Assessment
Study data will be recorded by physicians at recruitment sites
on case report forms and by participants in the questionnaire
booklets. These will be completed on the web through the
University of Sydney research data capture system, REDCap
[54].

Screening and registration and clinical data will be completed
by the physician at the recruitment sites. The REDCap database
will collect information only identifiable by REDCap-assigned
study record ID numbers. Physicians at recruitment sites will
maintain a record of participants’ study ID numbers for each
screened and registered participant entered. Where required,
data can be updated for individual participants by notifying the
study project manager of the corresponding study ID numbers
(eg, to record participant withdrawal). If 2 consecutive
assessments are missed by participants, the study project
manager will contact the physician at the recruitment site to
determine the reasons for missed assessments, if known.

Registration and Clinical Data
The following patient screening details will be entered into the
REDCap web-based registration form by physicians at
recruitment sites: age, sex, country, email address, health
indications for accessing medicinal cannabis, neuropathic pain
screening using the short-form Douleur Neuropathique en 4
Questions [55,56] (if pain is selected as a health indication),
duration of pain (if pain is recorded as a health indication),
comorbidities, medicinal cannabis type and dosage, date and
dose of any previously prescribed medicinal cannabis,
recruitment physician ID, and reasons for declining study
participation (if applicable).

Patient Consent and Demographics
Patients who provide email addresses will receive an email with
a link to the patient consent and demographic form
corresponding to their study record ID. Patient consent and
demographic questions include the following: consent to
participate (or opt out), reasons for declining study participation
(if applicable), ethnicity and cultural background, education,
living arrangements, marital status, height, weight, gender
identity, work status, access to health services, any medication
other than medicinal cannabis taken during the last 4 weeks for
health indication, and previous history of cannabis use.
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PROM Administration

Administration
Baseline PROMs will be presented to participants on the web
automatically after completing the demographic questions.
Participants self-complete the questionnaires through the
web-based platform at home, accessible on a computer or other
device with an internet connection, depending on their
preference. All the questionnaires will be administered in the
same order. It is anticipated that completion of baseline
questionnaires may take up to 30 minutes. Follow-up
questionnaires may take approximately 25 minutes. We have
estimated the time to complete the questionnaires (including
demographic questions) based on 10-12 seconds per item [57].

Patient-Reported Outcome Measures
All participants will complete the following PROMs.

Generic HRQL

Generic HRQL will be assessed in all participants using the
EuroQol 5-Dimension questionnaire (EQ-5D-5L). The
EQ-5D-5L is a standardized measure of health status developed
by the EuroQol Group to provide a simple, generic measure of
health for clinical and economic appraisals [58]. EQ-5D-5L is
designed for self-completion by respondents and consists of 5
items covering the dimensions of mobility, self-care, usual
activities, pain or discomfort, and anxiety or depression. Ratings
for each item range from 1 (no problem) to 5 (extreme problem),
with a recall period of today. In addition to the 5 items, there
is a visual numeric scale of global health rated on a scale of
0-100. The questionnaire has validated language translations
suitable for use in Australia.

To make the EQ-5D-5L suitable for use in economic
evaluations, health states were valued using a
preference-elicitation method in the general population.
Australian national values have been collected and subsequently
modeled and will be used for economic analysis [59].

All participants will receive the EORTC QLQ-C30 core quality
of life cancer questionnaire [52], which includes core domains
of functioning, cancer-specific symptoms, fatigue, and general
pain. The QLQ-C30 core questionnaire was designed to be used
by any patient participating in a cancer clinical trial; however,
it has also been used to evaluate HRQL in other health
conditions [60-64], as well as in large general population
samples in Europe, the United States, and Australia [65]. It is
a 30-item questionnaire with a recall period of 1 week and
contains 9 multi-item subscales and 6 single items. It
incorporates 5 functional scales (physical, role, cognitive,
emotional, and social functioning), 3 symptom scales (fatigue,
pain, and nausea or vomiting), and a global health status and
HRQL scale. The single items assess dyspnea, appetite loss,
sleep disturbance, constipation, diarrhea, and perceived financial
impact of disease and treatment. The ratings for each item range
from 1 (not at all) to 4 (very much). The QLQ-C30 also produces
a summary score of HRQL based on 13 scales [66].

The QLQ-C30 can be used for economic evaluation through
the QLU-C10D [67], a health state classification system derived

from the QLQ-C30 for which Australian utility weights have
been established [68].

Overall Change in Health Status

Patients’ subjective rating of overall change in health status
related to their primary health condition will be assessed using
the Patients’ Global Impression of Change [69]. The Patients’
Global Impression of Change contains 1 item rated from 1 (very
much improved) to 7 (very much worse). The recall period is
since beginning medicinal cannabis treatment.

Anxiety and Depression

Anxiety, depression, and stress will be assessed in all
participants with the validated 21-item short version of the
Depression, Anxiety, and Stress Scale [70]. The Depression,
Anxiety, and Stress Scale-21 includes 3 scales, each containing
7 items, assessing depression, anxiety, and stress. The depression
scale assesses dysphoria, hopelessness, devaluation of life,
self-deprecation, lack of interest or involvement, anhedonia,
and inertia. The anxiety scale assesses autonomic arousal,
skeletal muscle effects, situational anxiety, and subjective
experience of anxious affect. The stress scale assesses difficulty
relaxing, nervous arousal, and being easily upset or agitated,
irritable or overreactive, and impatient. Ratings for each item
range from 0 (not at all) to 3 (very much or most of the time)
with a recall period of 1 week [71].

Sleep and Fatigue

Sleep quality will be assessed in all participants using the
Patient-Reported Outcomes Measurement Information System
(PROMIS) Short Form version 1.0: Sleep Disturbance 8b [72].
This measurement system is a universal, rather than
disease-specific, 8 item assessment of sleep quality, sleep depth,
and restoration associated with sleep. Items are rated from 1
(not at all) to 5 (very much so), with a recall period of 1 week.

Fatigue will be assessed in all participants using the PROMIS
Fatigue 13a or the Functional Assessment of Chronic Illness
Therapy Fatigue Scale [73]. The 13-item measure has been
validated in the general population as well as in patients with
cancer, anemia, and arthritis [74,75]. The scale consists of 2
domains: 5 items covering fatigue experience and 8 items
assessing the impact of fatigue on daily activities. Ratings for
each item range from 0 (not at all) to 4 (very much so), with a
recall period of 1 week.

Conditional PROMs
The following questionnaires will only be administered to
patients with identified conditions or health status.

Palliative Care

To reduce the burden on patients with a primary health
indication of palliative care for advanced, symptomatic,
incurable cancer with a life expectancy of a few months, they
will receive the EORTC QLQ-C15-PAL instead of the
QLQ-C30. It is a shorter, 15-item questionnaire that assesses
the same outcomes as the QLQ-C30 questionnaire and is used
extensively in the palliative care setting [76]. Palliative care
participants will only complete the EQ-5D and QLQ-C15
questionnaires.
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Pain

Participants with pain as a health indication in their baseline
clinical data will complete additional pain-specific
questionnaires (excluding those in palliative care):

Pain intensity will be assessed using the PROMIS Scale version
1.0: Pain Intensity 3a (PS-PI) [77]. The scale includes 3 items
assessing pain intensity: 2 items cover pain at its worst, on
average, over the last 1 week and 1 item about current pain. All
items are rated from 1 (no pain) to 5 (very severe).

Pain interference will be assessed using the PROMIS Short
Form version 1.0: Pain Interference 8a [78]. This measurement
system contains 8 items measuring the degree to which pain
interferes with physical, emotional, and social activities. Items
are rated from 1 (not at all) to 5 (very much so), with a recall
period of 1 week.

Motor Function

Participants with movement disorder, chorea, as a health
indication will be assessed with the Quality of Life in
Neurological Disorders Short Form version 2.0–Huntington’s
Disease health-related Quality of LIFE-Chorea 6a [79]. This
6-item scale producing 1 score was developed for patients with
Huntington disease and is appropriate for patients experiencing
irregular, random, involuntary movements of varying amplitude
affecting the face, trunk, and limbs. The domains cover the
impact of movement disorders on physical activity and
participation, with each item rated from 1 (never or not at all)
to 5 (always or very much), with a recall period of 1 week.

Participants with movement disorders affecting the upper body
as a health indication will be assessed using the Quality of Life
in Neurological Disorders version 1.0: Upper Extremity
Function (Fine Motor and Activities of Daily Living) Short

Form [80]. This 8-item scale assesses the ability to perform
various activities involving digital, manual, and reach-related
functions, ranging from fine motor to self-care (activities of
daily living) for patients with stroke, MS, amyotrophic lateral
sclerosis, Parkinson disease, epilepsy, and muscular dystrophy.
Items are rated from 1 (unable to do) to 5 (without any
difficulty) and emphasize current capabilities; therefore, they
do not use a recall period.

Work Status

For participants who indicate that they are working or would
normally be working (ie, not retired or only studying), the
impact of health on work performance will be assessed using
the absenteeism and presenteeism questions of the World Health
Organization’s Health and Work Performance Questionnaire
[81]. The questionnaire contains 2 items covering absenteeism
in the last 1 week and 2 items covering absenteeism in the last
4 weeks, rated in number of days. Presenteeism is covered by
3 items rated from 0 (worst performance) to 10 (top
performance).

Follow-Up Data Collection
Participants will receive automatic reminders from the REDCap
system to their email addresses at scheduled follow-up
assessment time points (Table 1). Follow-up questionnaires can
be completed using computers or mobile devices depending on
their preference. Up to 2 email reminders to complete the
follow-up questionnaires will be sent within the assessment
time windows (Table 1). The following questions will be added
to the front page of the follow-up questionnaires: current
cannabis product and dose, any reduction in other medications
taken for health indication because of using medicinal cannabis
(including brand, strength, and dose), and work status.
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Table 1. Patient-reported outcome assessment schedule.

12-month
follow-up

9-month
follow-up

7-month
follow-up

5-month
follow-up

3-month
follow-up

2-month
follow-up

1-month
follow-up

TitrationbBaselinePROa measure

52 weeks
(and 14
days) after
T1

39 weeks
(and 7
days) after
T1

30 weeks
(and 7
days) after
T1

21 weeks
(and 7
days) after
T1

13 weeks
(and 7
days) after
T1

8 weeks
(and 7
days) after
T1

4 weeks
(and 3
days) after
T1

14-21 days
after T0

T8T7T6T5T4T3T2T1T0

✓✓✓✓✓✓✓✓✓EQ-5Dc questionnaire for
measuring generic health
status

✓✓✓✓✓✓✓✓✓QLQ-C30d

✓✓✓✓✓✓✓✓✓Depression, Anxiety, and
Stress Scale-21

✓✓✓✓✓✓✓✓✓PROMISe Short Form for
Sleep Disturbance

✓✓✓✓✓✓✓✓✓PROMIS Short Form for
Fatigue-Fat

✓✓✓✓✓✓✓✓Patients’ Global Impression
of Change

✓✓✓✓✓World Health Organization
Health and Work Perfor-
mance Questionnaire: Absen-
teeism and Presenteeism
questions

✓✓✓✓✓✓✓✓✓PROMIS Scale for Pain In-

tensityf

✓✓✓✓✓✓✓✓✓PROMIS Short Form for

Pain Interferencef

✓✓✓✓✓✓✓✓✓Neuro-QoLg Short Form for

choreah

✓✓✓✓✓✓✓✓✓Neuro-QoL Upper Extremi-

ty Function Short Formh

✓✓✓✓✓15-item version of QLQ-
C30 for Palliative Care pa-
tients receiving palliative

carei

aPRO: patient-reported outcome.
bThe titration period is of approximately 2 weeks. As the EQ-5D assesses the current state (today), whereas the other patient-reported outcome
questionnaires have a recall period of the past week, the time period is within 2-3 weeks to capture the end of titration across the questionnaires.
cEQ-5D: EuroQol 5-Dimension.
dQLQ-C30: Quality of Life Questionnaire, 30 items.
ePROMIS: Patient-Reported Outcomes Measurement Information System.
fPain questionnaires will be only administered to participants with a health indication of pain.
gNeuro-QoL: Quality of Life in Neurological Disorders.
hImpact on Motor Function Questionnaire will be only administered to patients with a health indication of movement disorder.
iParticipants in palliative care with life expectancy of a few months will only complete the EuroQol 5-Dimension and Quality of Life Questionnaire,
15 items.

PRO Assessment Time Points
Prospective assessment of newly prescribed patients before and
after treatment is required to assess changes in PROs over time.
PROs will be completed at baseline before starting medicinal

cannabis, at 2-3 weeks after starting medicinal cannabis (end
of titration period), and then at 1, 2, 3, 5, 7, 9, and 12 months
after the titration period.

The acceptable PRO assessment time windows are indicated in
Table 1.

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e32327 | p.449https://www.researchprotocols.org/2021/11/e32327
(page number not for citation purposes)

Tait et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Analyses and Statistical Considerations

Analysis Set
All analyses will be performed using SPSS software (version
26.0; IBM Corp). Baseline demographic and clinical data will
be summarized descriptively for all patients registered for the
study. Categorical data will be presented as frequencies and
percentages. For continuous scale data, mean, SD, median, 25th
and 75th percentiles, and minimum and maximum scores will
be presented.

PRO analyses will explore changes over time using mixed linear
models. Subgroup analyses will compare differences in PROs
between underlying conditions, dose, and duration of pain and
over time using linear mixed models.

Statistical Considerations
A comprehensive PRO-specific statistical analysis plan will be
produced by the study statistician. The key considerations
include the following:

1. PRO questionnaire responses will be scored into PRO scales
for outcome analysis according to standard scoring
algorithms provided by the questionnaire developers and
custodians.

2. Rates and reasons for missed PRO assessments will be
summarized to assess likely missing data mechanisms
against missing data assumptions of statistical modeling.

3. For each PRO, all participants with a score for that PRO at
baseline and at least one time point after starting medicinal
cannabis will be analyzed.

4. Linear mixed models will be used to compare groups in
their PRO scores, adjusted for their PRO levels at baseline
and with additional covariates such as duration of pain,
previous cannabis use, use of other medications, and overall
and prespecified subgroups.

5. If the scores are highly skewed, a suitable transformation
will be sought to achieve normality.

6. As there are several PRO scales and time points and
correlation among them is anticipated, statistical
significance levels will be adjusted using an appropriate
method [82].

7. The clinical significance of differences in the PRO
questionnaires will be interpreted using existing guidelines
(eg, QLQ-C30) [83], maintaining the overall type 1 error
at 5% or less.

Missing items within the PRO questionnaires are not expected.
This is because of the web-based administration platform
alerting participants of missed items and the requirement to
complete those items before progressing to the next page. Only

those participants who complete at least 2 questionnaires
(baseline and one other) will be included in the analysis. Single
missed assessments will be imputed using the last value carried
forward technique, that is, no change from that individual’s last
assessment. Pattern mixture models will be used to impute
scores for missed assessments based on recorded reasons [84].

Economic Evaluation
The economic evaluation will use collected data around
pharmaceutical and other medical costs to explore the drivers
of patient-level costs. As this study is not a comparative
randomized trial, we are not proposing to conduct a formal
economic evaluation, resulting in a cost per quality-adjusted
life year. We will instead use baseline resource use as an
indicator of typical care and contrast resource use throughout
the study with baseline data. We will explore the relationship
between HRQL and resource use across the cohort, which is
potentially important information for future economic evaluation
of medicinal cannabis.

Results

Participant recruitment in Australia commenced on November
27, 2020. By June 4, 2021, 1095 patients were screened for the
study by 69 physicians in centers across 6 Australian states:
Australian Capital Territory, New South Wales, Queensland,
South Australia, Victoria, and Western Australia. Of the 1095
patients screened, 833 (76.07%) participants provided consent,
completed baseline questionnaires, and remained on the study.
Baseline recruitment is expected to end in March 2022 when
the target sample size of participants has completed the baseline
questionnaires and a 3-month follow-up. The final results for
the primary objective are expected to be published in 2022.

Discussion

Principal Findings
The results of this study will show whether PROs improve in
patients accessing prescribed medicinal cannabis from baseline
to 3 months and whether any changes are maintained over a
12-month period. This study will also identify whether there
are differences in improvements in PROs among patients being
treated for different conditions (eg, chronic pain, MS, epilepsy,
Parkinson disease, or cancer).

Conclusions
The findings from this study have the potential to be integral
to treatment assessment and recommendations for chronic pain
sufferers and other patients with health indicators for accessing
medicinal cannabis.
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Abstract

Background: Accessible, safe, and client-centered SARS-CoV-2 testing services are an effective way to halt its transmission.
Testing enables infected individuals to isolate or quarantine to prevent further transmission. In countries with limited health
systems and laboratory capacity, it can be challenging to provide accessible and safe screening for COVID-19. Self-testing
provides a convenient, private, and safe testing option; however, it also raises important concerns about lack of counseling and
ensuring timely reporting of self-test results to national surveillance systems. Investigating community members’ views and
perceptions regarding SARS-CoV-2 self-testing is crucial to inform the most effective and safe strategies for implementing said
testing.

Objective: We aimed to determine whether SARS-CoV-2 self-testing was useful to diagnose and prevent the spread of
SARS-CoV-2 for populations in low-resource settings and under which circumstances it would be acceptable.

Methods: This multisite, mixed methods, observational study will be conducted in 9 countries—Brazil, India, Indonesia, Kenya,
Malawi, Nigeria, Peru, the Philippines, and South Africa—and will consists of 2 components: cross-sectional surveys and
interviews (semistructured and group) among 4 respondent groupings: the general population, general population representatives,
health care workers, and decision-makers. General population and health care worker survey responses will be analyzed separately
from each other, using bivariate and multivariate inferential analysis and descriptive statistics. Semistructured interviews and
group interviews will be audiorecorded, transcribed, and coded for thematic comparative analysis.

Results: As of November 19, 2021, participant enrollment is ongoing; 4364 participants have been enrolled in the general
population survey, and 2233 participants have been enrolled in the health care workers survey. In the qualitative inquiry, 298
participants have been enrolled. We plan to complete data collection by December 31, 2021 and publish results in 2022 via
publications, presentations at conferences, and dissemination events specifically targeted at local decision-makers, civil society,
and patient groups.

Conclusions: The views and perceptions of local populations are crucial in the discussion of the safest strategies for implementing
SARS-CoV-2 self-testing. We intend to identify sociocultural specificities that may hinder or accelerate the widespread utilization
of SARS-CoV-2 self-testing.

International Registered Report Identifier (IRRID): DERR1-10.2196/33088

(JMIR Res Protoc 2021;10(11):e33088)   doi:10.2196/33088
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Introduction

COVID-19 is caused by a novel coronavirus, SARS-CoV-2,
which was first identified in December 2019 [1]. COVID-19 is
mainly transmitted through the air, as virus particles are expelled
when an infected individual coughs, sneezes, or speaks [2]. In
older adults and individuals with chronic diseases (such as
hypertension, diabetes, and malignant tumors), COVID-19 may
be fatal [3]. While there are several vaccines and treatments
available, there is currently no cure for COVID-19.

On March 11, 2020, the World Health Organization (WHO)
declared the COVID-19 outbreak a global pandemic [4]. As of
October 12, 2021, there have been more than 237 million
confirmed COVID-19 cases worldwide, with more than 4.8
million deaths due to COVID-19 reported [5].

Providing accessible, safe, and client-centered SARS-CoV-2
testing services is an effective way to halt transmission of the
virus. Testing allows the health system and individuals to
conduct contact-tracing, to accelerate access to treatment, and
to isolate affected individuals [6,7].

In countries with limited laboratory capacity, the provision of
accessible and safe SARS-CoV-2 screening is challenging [3].
The use of SARS-CoV-2 self-tests that have acceptable
performance in terms of diagnostic accuracy in low- and
middle-income countries could help reduce COVID-19
transmission by enabling the rapid identification of those
infected. Because SARS-CoV-2 self-testing can be conducted
by individuals in their home, it enables people to regularly check
their infection status without needing to attend a health care
facility. Self-testing has particular benefits in settings where
human resources and laboratory capacity for molecular
SARS-CoV-2 testing is limited.

Similar to that seen for other diseases—such as HIV, and
recently, hepatitis C—self-testing can provide a convenient,
private, and safe approach to scale-up testing [8-10]. However,
as with HIV and hepatitis C self-testing, with SARS-CoV-2
self-testing, there are important concerns about lack of
counseling for test results, potential for psychosocial harm, and
ensuring timely reporting of test results to national surveillance
systems [11]. The risk of potential social harms and incorrect
action based on test results must be investigated to ensure safe
implementation of any self-testing program for COVID-19 [12].

To date, there have been no studies on the values and
preferences of individuals in low- and middle-income countries
regarding SARS-CoV-2 self-testing. To the best of our
knowledge, there have been just 3 studies published on the
usability and acceptability of self-testing for SARS-CoV-2—
2 from England [13,14] and one from Ireland [15]. These studies
[13-15] reported that SARS-CoV-2 self-testing appears to be
feasible for and acceptable to untrained users.

We are only aware of 3 ongoing studies in low- and
middle-income countries: (1) an ongoing SARS-CoV-2

self-testing acceptability study in Lesotho and Zambia led by
the London School of Hygiene & Tropical Medicine; (2) a study
exploring the feasibility of self-sampling and self-testing for
SARS-CoV-2, which is ongoing in Malawi and Zimbabwe under
the leadership of FIND, the global alliance for diagnostics, in
collaboration with the Center for Sexual Health and HIV/AIDS
Research Zimbabwe; and (3) an ongoing usability and clinical
evaluation study of self-testing for SARS-CoV-2 in South
Africa, led by Ezintsha, Wits Health Consortium, University of
the Witwatersrand [16].

Prior to issuing recommendations for SARS-CoV-2 self-testing
in low- and middle-income countries, it is imperative to conduct
a thorough assessment of values and preferences regarding the
innovation [17]. The views of local populations are crucial in
the discussion of the safest strategies for implementing
SARS-CoV-2 self-testing. Evidence is also needed on
sociocultural specificities that may hinder widespread utilization
of SARS-CoV-2 self-testing, for example, familiarity of the
target population with self-testing devices for infectious diseases
such as HIV or for non-communicable diseases such as diabetes.
We propose to address the evidence gap by conducting a
multicountry research study on local population’s values and
preferences for SARS-CoV-2 self-testing. This global protocol
details the harmonized objectives, methodologies, and ethics
principles that will guide the implementation of this research
in all participating countries to address the question: How
acceptable would SARS-CoV-2 self-testing be, to diagnose and
prevent the spread of SARS-CoV-2, for populations in
low-resource settings, and under which circumstances?

Methods

Overview
This multisite, mixed methods, observational study will consist
of 2 components: cross-sectional surveys and a qualitative
inquiry. We will employ a similar approach to that used in
providing supporting evidence for WHO 2021 recommendations
and guidance on hepatitis C virus self-testing [18].

This study will be conducted in 9 countries: Brazil, India,
Indonesia, Kenya, Malawi, Nigeria, Peru, the Philippines, and
South Africa. The surveys will be conducted in all countries
except Malawi. The qualitative inquiry will be conducted in all
countries.

These countries were selected by considering (1) the need to
obtain the perspectives of inhabitants from different WHO
regions; (2) availability of local partners to conduct research
activities in areas not subject to movement and social gathering
restrictions; (3) potential for dissemination of findings at local
diagnostic development institutions, manufacturers, and
distributors; and (4) previous experience from research on
self-testing devices of the sponsor (FIND) in selected countries.
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Cross-sectional Survey: General Population

Design
The cross-sectional survey for the general population

(Multimedia Appendix 1) is designed to answer specific
objectives 2 and 4 (Textbox 1). To participate in this survey
component, individuals must be aged 18 years old or older and
willing to provide informed consent.

Textbox 1. Specific objectives of the research.

Objectives

• Measure the perceptions of the utility of different scenarios for SARS-CoV-2 self-testing delivery to halt the transmission of SARS-CoV-2 and
to fast-track access to COVID-19 treatment.

• Understand the perceptions of and experience with current COVID-19 diagnostic modalities.

• Explore and map the factors that may foster or hinder acceptability of SARS-CoV-2 self-testing among a population.

• Understand the types of actions, under a variety of circumstances, that members of the general population would take after receiving a reactive
SARS-CoV-2 self-test result.

• Analyze various culturally congruent, safe, and effective strategies for the implementation of SARS CoV-2 self-testing in resource-constrained
settings.

Respondents are asked to reply based on their own experiences
of current SARS-CoV-2 testing and their perceptions regarding
SARS-CoV-2 self-testing. The survey is divided into 5 sections:
sociodemographic characteristics, experience with COVID-19
and SARS-CoV-2 testing, values toward SARS-CoV-2
self-testing, actions the participant thinks they would take after
testing positive using a SARS-CoV-2 self-test, and actions they
think they would take after testing negative with a SARS-CoV-2
self-test. Not all survey respondents may be aware of
SARS-CoV-2 self-testing; therefore, the surveyors, after probing
them about other self-tests with which they might be acquainted,
will briefly show an explanatory diagram and explain the
concept of SARS-CoV-2 self-testing.

In all countries except for Brazil, the partner organizations with
whom we work in each country to conduct the study identified
an urban and a rural area to conduct the survey. Urban areas are
defined as the capital of the country or state or main city in
which the partner organization operates. Rural areas are defined
as areas outside the defined urban areas. For rural areas, partner
organizations identified areas (1) where it would be safe to have
surveyors in the field without putting surveyors and respondents
at an increased risk of catching SARS-CoV; (2) without access
difficulties due to curfews, confinement perimeters, or lack of
administrative permissions to operate; and (3) where it would

be possible to obtain the perspectives of participants who may
lack the level of COVID-19 diagnostic, prevention, and
treatment resources that are available to people living in urban
areas. In Brazil and India, the survey will only be conducted in
urban areas only, because at the time of study planning, there
were no rural areas that met these 3 characteristics where the
partners in Brazil and India has license to operate.

Sample Size
To calculate sample size, we made a conservative assumption
that at least 50% of the general population would accept
SARS-CoV-2 self-testing as a decentralized SARS-CoV-2
screening strategy. We estimated that ≥196 respondents from
both the urban and rural areas would be needed to give a
confidence level of 95% for the real value (acceptability of
SARS-CoV-2 self-testing) to be within ±7% of the measured
value.

In each of Brazil, Indonesia, Kenya, Peru, the Philippines, and
South Africa, 392 respondents will be necessary (Table 1). In
India and Nigeria, where there is a need for regional
representation to inform national decision-making given the
federal or quasi-federal government structure, the study will be
conducted in 4 and 5 states, respectively; therefore, 392
respondents per state will be required (ie, 1568 and 1960
participants, respectively) (Table 1).
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Table 1. Countries, locations, and sample sizes.

RuralUrbanCountry and state

nAreanArea

N/AN/Aa392São PauloBrazil

196Banten196JakartaIndonesia

196North Sulawesi

196Taita Taveta County196MombasaKenya

196Jauja-Huancayo196City of LimaPeru

196El Nido (on the island of Palawan)196Manila metropolitan areaPhilippines

196King Sabata Dalindyebo (Eastern Cape)196Durban (KwaZulu-Natal)South Africa

Nigeria

196Ibiono Ibom LGA196Uyo LGAbAkwa Ibom State

196Dunukofia LGA196Awka South LGAAnambra State

196Ikpayongo LGA196Makurdi LGABenue State

196Kudan LGA196Kaduna South LGAKaduna State

196Ikorodu LGA196Ikeja LGALagos State

India

N/AN/A392LucknowUttar Pradesh State

N/AN/A392GuwahatiAssam State

N/AN/A392ThaneMaharashtra State

N/AN/A392ChennaiTamil Nadu State

aN/A: not applicable.
bLGA: local government area.

Sampling Method
A multistage sampling approach will be used to select clusters
of households or street points in the study locations in each
country, where respondents will be approached and invited to
participate in the survey.

In each country, satellite-generated maps will be divided into
40 areas of similar geographic extension for both the urban and
rural settings. A random list generator (Random.org,
Randomness and Integrity Services Ltd) will be used to select
14 areas of the 40 areas.

The 14 urban areas and 14 rural areas that are selected will be
randomly arranged to produce an urban calendar and a rural
calendar that each cover a single week (ie, from Monday to
Sunday, with morning and afternoon shifts). The expected
sample size will be indicated in each calendar slot and will be
equal for each area (15 respondents per shift for all areas, except
for São Paulo, where sample size would be 29 respondents per
shift). For each area, clusters of 21 households or street points
will be selected, marked, and numbered. In the map of São
Paulo, each area will have 30 selected street points.

To recruit respondents, a pair of surveyors, with a printed map
of the area showing the 21 recruiting spots (households or street
points), will walk to the first recruiting spot on their assigned
shift and will seek survey respondents (1 per spot). While the
first surveyor recruits their first respondent, obtains their signed

informed consent, and administers the survey, the second
surveyor will walk to the next preselected location and l repeat
the process. The surveyors will continue this process at
subsequent recruitment spots until the expected size per shift
is reached.

In Nigeria and Kenya, the recruiting spots will be households,
and the surveyors will randomly recruit household members
who are present at the time they knock on their doors. In Peru,
Brazil, India, Indonesia, and the Philippines, the recruiting spots
will be street points, and the surveyors will recruit passers-by
as participants. In South Africa, the recruiting spots will be
community gathering venues (eg, schools, shopping malls, and
post offices), and the surveyors will recruit respondents among
the public at these venues. To decide whether the recruiting
spots were to be households, street points, or community
gathering venues, we considered, for each country, where it
would be safest to conduct survey activities, and where it would
be more acceptable for potential respondents to consent to
participate in the survey.

Cross-sectional Survey: Health Care Workers

Design
The cross-sectional survey of health care workers (Multimedia
Appendix 2) is designed to answer specific objectives 1, 2, and
4 (Textbox 1). The survey explores the same 5 themes as those
explored in the general population survey; however, health care
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workers will be asked to answer from their perspective as a
health care worker how they think people in their catchment
area would interact with SARS-CoV-2 self-testing and the
potential impacts that such testing might have on the health
system.

Sample Size
We estimate that 384 participants per country will be necessary
to demonstrate that 50% of the health care workforce would
accept SARS-CoV-2 self-testing as a decentralized
SARS-CoV-2 infection screening strategy, with a 95%
confidence level and a confidence interval of 5. This calculation
was made for a finite population using a web-based calculator
(Survey System, Creative Research Systems). As this component
will be web-based and given the current level of engagement
of health care workers with COVID-19 pandemic response, we
anticipate a nonresponse rate of up to 50%. Hence, we estimate
that 768 health care workers will need to be recruited to achieve
the required sample size of 384.

Sampling Method
The survey targeting health care workers will be conducted by
internet or by phone, with the aim of achieving national
coverage. Partner organizations will sample potential
respondents in collaboration with national and regional health
authorities, and national councils of laboratory, nursing, and
medical professionals. These stakeholders will be requested to
assist with sampling. Possible sampling options are

1. Stakeholders provide a list of email addresses (no names
or other identifiers needed) for 764 randomly selected health
care workers. An email will be sent from the partner
organization to these health care workers (all email
addresses in blind carbon copy) inviting them to participate
in the web-based survey.

2. The stakeholders provide a list of all health care workers’
email addresses (no names or other identifiers needed), and
the partner organizations will randomly select 764 of these,
using a random list generator. The partner organizations
will send an email to these health care workers (all email
addresses in blind carbon copy), inviting them to participate
in the web-based survey.

3. The stakeholders will use their own communications
channels to send an official email inviting 764 randomly
selected health care workers to participate in the survey.

4. The partner organizations will advertise the survey on social
media (eg, Facebook, Instagram, Twitter), and using
established social messaging groups of local networks of
health care workers (eg, in WhatsApp and Telegram
groups), and then wait for interested health care workers
to click the link and complete the survey questionnaire.
This additional sampling approach will help the partner
organizations reach health care workers that only work in
the private sector and those who work for the public health
system but do not have an institutional email. A limitation
of this option is the possibility that only health care workers
with previous knowledge or interest in SARS-CoV-2
self-testing will pay attention to the adverts and click the
link.

Prior to accessing the survey, all health care workers will have
to read an information sheet that includes an explanation of the
study’s aim, the institutions involved, the purpose of the survey,
and an invitation to participate in the study as a respondent. The
link to access a web-based questionnaire (Multimedia Appendix
2) will be included in the invitation.

General Population and Health Care Worker Survey
Instrument Development
All partners involved in this study collaboratively designed and
piloted 2 survey instruments in English to target the general
population and health care workers. These questionnaires were
piloted by partners in various rounds through item-by-item
discussions. During this pilot, any questionnaire item considered
to be misleading, unclear, or nonspecific was reworded.
Feedback from this pilot stage was used to further refine the
questionnaires (Multimedia Appendix 1 and Multimedia
Appendix 2).

The questionnaires will be translated into the local languages
of each setting and uploaded to web-based survey software
(Intel, IPSOS, in India due to the need to use different alphabets;
KoBoToolbox, Harvard Humanitarian Initiative, for all other
countries) with apps for data collection that work on most
devices with Android operating systems.

Once the translated instruments have been uploaded, they will
be piloted again with 10 randomly chosen individuals (5 women
and 5 men) from a location outside the boundaries of the study
settings, chosen by the local investigators. These pilot
participants will meet the same inclusion criteria for respondents
in the general population survey. This pilot will be helpful to
further refine the wording of the questionnaire and to assess the
feasibility and usability of the KoBo mobile app (Harvard
Humanitarian Initiative) at different study sites. The responses
obtained from these participants will not be used in the statistical
analyses.

Survey Data Analysis Plan
The general population and health care worker survey responses
will be analyzed separately. For both surveys, bivariate and
multivariate inferential analysis will be performed, and
descriptive statistics will be generated. The primary endpoint
of the analysis will be likelihood of using a SARS-CoV-2
self-test (for the general population), and likelihood of
recommending SARS-CoV-2 self-testing to the general
population (for health care workers). Drivers and hinderers of
likelihood of acceptance and willingness to recommend
SARS-CoV-2 self-testing will be investigated. Specifically,
significant associations between respondents’sociodemographic
variables and aspects of interest that may advance the study
objectives will be examined, such as previous experiences of
conventional SARS-CoV-2 testing, barriers to access and use
of SARS-CoV-2 self-testing, perceptions of the advantages of
SARS-CoV-2 self-testing, willingness-to-pay and to use
SARS-CoV-2 self-testing, preferences for reporting
SARS-CoV-2 self-testing results, and anticipated actions and
social harm that could occur after a positive SARS-CoV-2
self-test.
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Qualitative Inquiry
In qualitative research, sample size is determined by the richness
of interviewees’ narratives. What matters is depth, not breadth,
and that the narratives are helpful in achieving the research
objectives. Hence, sample size is usually considered to be
achieved when, during a contemporaneous and iterative data

collection and analysis process, researchers consider the
properties of the analysis categories to be saturated or fully
understood [19]. In pursuing saturation, this research aims to
conduct a minimum of 30 individual interviews (10 with each
targeted group) and 6 group interviews (2 with each targeted
group) per country. We will aim to ensure balanced
representation of sex and location (Table 2).

Table 2. Qualitative interviews.

Groupa interview participants, nSemistructured interviewees, nDescription

3030Total

Community representatives

Rural

32Women

23Men  

Urban 

23Women

32Men  

Health care workers

Rural

23Women

32Men  

Urban

32Women 

23Men  

Potential SARS-CoV-2 self-testing implementers

Rural

32Women

23Men  

Urban

23Women 

32Men  

aA total of 6 group interview sessions will take place, with the 3 rural and 3 urban groups shown.

Sampling Method
At the outset, all organizations involved will jointly prepare a
list of potential interviewees per study setting. A purposive
sampling technique will be used to identify health care workers,
community representatives, and potential SARS-CoV-2
self-testing implementers that meet the inclusion criteria and
could be approached as potential participants.

Identification of potential interviewees will be achieved by (1)
consulting the websites and social media of local firms, civil
society organizations, humanitarian aid organizations, diagnostic
manufacturers, health care institutions, and other relevant
organizations; (2) reviewing government and nongovernment
reports, and other grey literature; and (3) seeking advice from
experts in local academia, public health institutes, laboratories,
and pharmaceutical product manufacturers about who to reach
out to for the study.

This stakeholder mapping exercise will result in a list of
purposively identified potential interviewees. To ensure that
sampling is not done by convenience or proximity to the
interviewees, the list will be randomly rearranged so that a team
of trained interviewers will contact potential interviewees in
the established order by phone or email (depending on the
contact details available on websites, social media profiles, or
literature reviewed). The purpose and methods of the study will
be explained to the potential interviewees, who will then be
invited to participate in either an individual or a group interview,
but not both.

Data Collection
Individual and group interview methodologies are suitable
approaches to explore the study topic and enable investigation
of questions about acceptability, willingness-to-pay or to-use,
or potential harm that may derive from SARS-CoV-2 self-testing
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with key stakeholders beyond what is possible with a structured
survey. The combination of both methodologies is useful to
compare if there are differences between how people express
their views when they are alone and when they are in a group.

Individual interviews will be conducted by a trained interviewer
and are expected to last 60 minutes. Group interviews will be
conducted by a trained interviewer accompanied by a note-taker
and are expected to last 90 to 120 minutes. Where local gender
norms advise that data collection be led by interviewers of the
same gender as the interviewees, interviews will be scheduled
accordingly by gender.

All individual and group interviews will be guided using the
same semistructured guide (Multimedia Appendix 3). This guide
includes items from interview guides previously used in other
FIND-supported assessments of people’s values and preferences
about HIV and hepatitis C self-testing [9]. The guide does not
have any items that are considered overly sensitive.
Nevertheless, the guide will be translated into the local
languages of study settings. If any rewording of content is
recommended during the training of interviewers on the guide,
this will be carried out in accordance with their suggestions.

Data collection will be conducted either by videoconference or
in a private location chosen by partner organizations. At the
start of audiorecording, the interviewers will first ask the
interviewees to verbally reconfirm that they have agreed to
participate in the study and that they consent to the conversation
being audiorecorded. They will then be asked to respond to the
questions in the guide, which will be posed in consecutive order
by the interviewers. The interviewers will collect interviewees’
sociodemographic data (ie, age, gender identity, education, and
profession) at the start of the interview.

Data Analysis
Audiorecordings will be transcribed verbatim into a text
document (Word, Microsoft Inc). Personal identifiers (ie, names,
addresses, and employers) mentioned during the interviews will
not be transcribed. The countries’ respective principal
investigators will be responsible for the accuracy, integrity, and
completeness of all transcriptions.

Audiorecordings and finalized transcripts will be stored on a
password-protected computer. These materials will only be
accessible by the sites’ principal investigators, the sponsor, and
the lead social scientist. The lead social scientist will verify that
the transcriptions are fully anonymized and then upload the
transcripts to computer-assisted qualitative data analysis
software (Quirkos Software).

Thematic analysis will be used to analyze individual and group
interview transcripts. We consider this approach to be the most
suitable to explore how the interviewees’narratives may inform
future implementation of SARS-CoV-2 self-testing. Transcripts
will be coded using a predefined set of labels that correspond
with the semistructured guide’s themes and topics of interest.
Coded areas will initially be read, re-read, and reflected upon
in a code-by-code manner and in a theme-by-theme manner.
While reading through the coded areas, specific reflexive memos
will be written about each theme of interest. Each memo will
include the main findings and characteristic excerpts of each

preidentified core theme of interest. These memos will form
the basis for report preparation. During this process, attention
will be paid to how narratives may differ between rural and
urban participants, and based on gender (female, male) and
group (health care worker, representative of the public,
decision-maker), with attention to the intersectionality of gender
and profession with other social variables of interest. Attention
will also be given to identifying deviating or exceptional voices
(ie, isolated or divergent opinions on aspects of interest
regarding the implementation of SARS-CoV-2 self-testing).

Recordings will be fully erased at the end of the data analysis
phase. The transcripts will be stored on password-protected
computers for 5 years after completion of the study. The
recordings and transcripts will never be shared with any
individuals outside the research team.

Integration of Qualitative and Quantitative Data
This is a convergent mixed methods study in design [20,21],
whereby qualitative and quantitative data will be collected
contemporaneously, analyzed separately, and then merged for
further interpretation. At the outset of study proposal
preparation, thoughtful consideration was given to how
qualitative and quantitative methodologies could be helpful in
collecting and analyzing data to address the main research
question and meet the study objectives. The definition of the
study populations and the design of the different components’
data collection instruments and sampling and recruitment
procedures were done with the aim to ensure qualitative and
quantitative data could be examined together. During the
implementation phase, thematic and statistical analysis and
reporting of each set of data will take place separately.
Subsequently, the main results will be merged in a
theme-oriented mixed analysis matrix that will allow critical
comparison of findings, as well as the detection of divergences,
similarities, inconsistencies, or emerging areas that may merit
further inquiry in future research. Conclusions of the
cross-comparison of merged qualitative and quantitative results
will be discussed in specific continent- and global-level
dissemination outputs combining all methodologies.

Ethics Approval and Consent to Participate
This study has been approved by the following ethics
committees: Universitas Katolik Indonesia Atma Jaya
(o674A/III/LPPM-PM.10.05/06/2021); Institute of Public
Health, Obafemi Awolowo University (IPH/OAU/12/1739);
Durban University of Technology (IREC165/21); Amref Health
Africa (AMRED-ESRC P1011/2021); Kamuzu University of
Health Sciences, College of Medicine Research Ethics
Committee (P.07/21/3357); Universidad Peruana Cayetano
Heredia (205954); and the Philippine Social Science Council
(CE-21-19). The ethical approval process is ongoing in Brazil
and India.

Availability of Data and Materials
The quantitative data set will be made available upon reasonable
request to the corresponding author. The qualitative data set of
interview transcripts will not be made available.
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Results

As of November 19, 2021, data collection is ongoing; 4364
participants have been enrolled in the general population survey,
and 2233 participants have been enrolled in the health care
workers survey. In the qualitative inquiry, 298 participants have
been enrolled. We expect to complete data collection by
December 31, 2021 and publish results in 2022.

Discussion

This study will be conducted in accordance with the Declaration
of Helsinki [22] and the Belmont Report [23] principles of
respect for persons, justice, and beneficence. In applying these
principles, care was taken to design informed consent processes
to ensure that no vulnerable groups carry the burden of the
research, that the findings of the research will be disseminated
in such a way that they may benefit the most disadvantaged
groups in society, and to plan how to mitigate or eliminate all
risks of social and physical harm (eg, SARS-CoV-2 infection)
that may derive from participation in the study.

Ethics approval will be obtained at the country level prior to
the start of participant recruitment. All participants will be asked
to provide informed consent prior to participating in the survey
or qualitative inquiry. No incentives other than a bag of face

masks and hand sanitizers will be offered to study participants,
unless local Ethics Review Boards appraising the
country-specific protocols advise on other type of acceptable
incentives.

This study is considered minimal risk; however, due to the
ongoing COVID-19 pandemic extra measures will be taken to
minimize exposure to SARS-CoV-2 for respondents and study
staff. This will include providing personal protective equipment
to study staff and participants and ensuring that social distancing
measures are maintained during the in-person surveys and
interviews. All local regulations regarding movement restrictions
will be followed, and if necessary, interviews will be conducted
remotely by videoconferences.

We aim to promote positive social change, one aspect of which
is improving the conditions under which the most vulnerable
in society access and use infectious disease diagnostics, by
disseminating the findings. The research team will produce
dissemination outputs for internal meetings, regional and
international conferences, and peer-reviewed journals. A variety
of methods will be used to disseminate the results of the study
at industry and policy decision-making levels.

We anticipate that partner organizations will take part in
development of scientific outputs and organize consultations
with decision-makers involved in SARS-CoV-2 testing to
incorporate their opinions on the study findings.
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Abstract

Background: A barrier to practicing evidence-based medicine is the rapidly increasing body of biomedical literature. Use of
method terms to limit the search can help reduce the burden of screening articles for clinical relevance; however, such terms are
limited by their partial dependence on indexing terms and usually produce low precision, especially when high sensitivity is
required. Machine learning has been applied to the identification of high-quality literature with the potential to achieve high
precision without sacrificing sensitivity. The use of artificial intelligence has shown promise to improve the efficiency of identifying
sound evidence.

Objective: The primary objective of this research is to derive and validate deep learning machine models using iterations of
Bidirectional Encoder Representations from Transformers (BERT) to retrieve high-quality, high-relevance evidence for clinical
consideration from the biomedical literature.

Methods: Using the HuggingFace Transformers library, we will experiment with variations of BERT models, including BERT,
BioBERT, BlueBERT, and PubMedBERT, to determine which have the best performance in article identification based on quality
criteria. Our experiments will utilize a large data set of over 150,000 PubMed citations from 2012 to 2020 that have been manually
labeled based on their methodological rigor for clinical use. We will evaluate and report on the performance of the classifiers in
categorizing articles based on their likelihood of meeting quality criteria. We will report fine-tuning hyperparameters for each
model, as well as their performance metrics, including recall (sensitivity), specificity, precision, accuracy, F-score, the number
of articles that need to be read before finding one that is positive (meets criteria), and classification probability scores.

Results: Initial model development is underway, with further development planned for early 2022. Performance testing is
expected to star in February 2022. Results will be published in 2022.

Conclusions: The experiments will aim to improve the precision of retrieving high-quality articles by applying a machine
learning classifier to PubMed searching.

International Registered Report Identifier (IRRID): DERR1-10.2196/29398

(JMIR Res Protoc 2021;10(11):e29398)   doi:10.2196/29398

JMIR Res Protoc 2021 | vol. 10 | iss. 11 |e29398 | p.466https://www.researchprotocols.org/2021/11/e29398
(page number not for citation purposes)

Abdelkader et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:lokkerc@mcmaster.ca
http://dx.doi.org/10.2196/29398
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

bioinformatics; machine learning; evidence-based medicine; literature retrieval; medical informatics; natural language processing;
NLP; biomedical; literature; literature surveillance; model development

Introduction

Background
The biomedical literature grows exponentially every year.
According to the latest National Library of Medicine statistical
report, more than 1.5 million new citations were indexed in
PubMed in 2020 alone [1]. This high volume of literature is fed
by the publication of at least 1 new article every 26 seconds [2]
and 95 clinical trials per day [3]. Nevertheless, only 1% of
published clinical studies meet the criteria for high scientific
quality for use in health care decisions [4], driving the need for
efficient and accurate approaches to identify clinical studies
that have been conducted with methodological rigor.

Methodological search filters like PubMed Clinical Queries [5]
are considered the cornerstone for information retrieval in
evidence-based practice [6]. These and other search filters have
been developed using a diagnostic testing procedure [7] to
optimize sensitivity or specificity, or the best balance between
the two, for such clinical study categories as treatment,
diagnosis, prognosis, etiology, and clinical prediction guides
[8]. Some search filters are limited by their partial reliance on
MeSH (Medical Subject Headings) indexing terms, as it can
take up to a year for articles to be indexed in MEDLINE [9].
Despite having highly sensitive search filters, with an aim to
optimize specificity—essentially returning the most likely
relevant articles while reducing the need to assess off-target
articles—they also return large numbers of articles that are not
on target.

Most search filters have been developed using databases of
articles that have been tagged for clinical category and
methodological rigor and using a diagnostic test approach to
detect true and false, positive (on-target) and negative
(off-target) articles [10]. The development of such a gold
standard is costly and time-consuming, requiring highly trained
staff. The Clinical Hedges database, developed at McMaster
University, has been used as the gold standard for new search
strategy development [11-14].

Machine learning is a subset of artificial intelligence referring
to the application of computational methods to improve
performance or achieve precise predictions via experience.
Experience, in this context, is the information given to the
machine for analysis [15]. Machine learning applications in the
biomedical literature have been explored by many researchers
over the years. In 2007, Yoo and colleagues [16] applied a novel
machine learning approach for document clustering and text
summarization, producing a textual summary of the information
by automatically extracting the most relevant text content from
a document cluster. Machine learning has also been applied to
the ranking of biomedical publications. In 2009, the
MedlineRanker webserver ranked citations in a data set based
on their relevance to a given topic [17]. Other applications of
machine learning include accurately predicting the citation count
of a given article at the time of its publication to determine its

scientific impact using a support vector machine (SVM)
context–based classifier [18] and automating the systematic
review screening process to decrease the screening workload
[19]. For example, Miwa and colleagues [20] used an SVM
pool–based active machine learning model to classify articles
as relevant for inclusion in a systematic review. Miwa et al's
[20] experiment used “certainty” as a criterion for article
selection, which is effective in dealing with imbalanced data
sets. An improvement in topic detection was proposed by
Hashimoto et al [21] as they used a neural network model based
on paragraph vectors capturing semantic similarities between
words and documents. Paragraph vectors can accurately
determine semantic relatedness between textual units of varying
lengths, that is, words, phrases, and longer sequences (eg,
sentences, paragraphs, and documents). Methods that consider
factors such as word order within the text yield superior
performance [21].

Recent advancement in natural language processing (NLP) is
attributed to the development of pretrained language models
(PTLMs) [22]. PTLMs transfer learning from training on one
data set to the performance of different NLP functions on a new
data set [22,23]. PTLMs provide more stable predictions and
better model generalization [24]. PTLMs are applied using one
of two main strategies: feature-based or fine-tuning models [23].
Feature-based approaches use task-specific architectures that
include the pretrained representations as additional features,
such as Embedding from Language Models (ELMo) [22,25].
Fine-tuning approaches attempt to pretrain the language model
using general-domain text, then fine-tune the model on the target
data and target task [22]. Fine-tuning language models are
considered the mainstream for PTLM adaption [22]. Examples
of fine-tuning approaches are Universal Language Model
Fine-Tuning [26] and Bidirectional Encoder Representations
from Transformers (BERT) [23]. The bidirectional approach
used in BERT improves its performance in understanding text
context over other PTLMs, making it the state-of-the-art model.
BERT can be used for multiple NLP tasks, including text
summarization, retrieval, question answers, named entity
recognition, and document classification [27].

Over the past two decades, machine learning has been applied
to classify the biomedical literature based on methodological
rigor and evidence quality. For such classification tasks,
supervised machine learning approaches in which the training
data is labeled based on a selected high-quality standard are
most commonly used [3,28-32]. The first reported experiments
to classify biomedical literature based on quality by
Aphinyanaphongs and colleagues relied on the American
College of Physicians Journal Club as their high-quality training
standard and used a supervised SVM as a classifier [28-30].
The most recent study to classify high-quality articles was
conducted by Afzal and colleagues [31] and applied an artificial
neural network using data gathered from the Cochrane Library
as their high-quality standard. By using supervised approaches,
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the model development was informed by decisions made by the
researchers.

Objectives
The primary objective of this research is to derive and validate
deep learning models using variations of BERT to retrieve
high-quality, high-relevance evidence for clinical consideration
from the biomedical literature; models will be trained using a
large, tagged database of high-quality, high-relevance clinical
articles.

Methods

Quality Standard Derivation
At McMaster University, the Health Information Research Unit
(HiRU) has an established reputation for retrieval, appraisal,
classification, organization, and dissemination of health-related
research. Through the Knowledge Refinery, the unit daily
screens research studies from over 120 clinical journals and
identifies those that meet methodological rigor for original
studies, systematic reviews, pooled original studies, and
evidence-based guidelines within the categories of treatment,
primary prevention, diagnosis, harm from medical interventions,
economics, prognosis, clinical prediction, and quality
improvement [33]. The steps in the process include the initial
filtering of all journal articles using highly sensitive search
filters (>99%) developed by HiRU to identify articles that fit
the categories named above. This filtered subset is then manually
reviewed by skilled research associates and a clinical editor. In
this project, “rigor” is defined as meeting all the methodological
criteria explicitly described on the HiRU website and in
Multimedia Appendix 1 [34]. The process of selecting clinically
relevant articles is further described by Haynes et al [35], and
the high reliability of the critical appraisal step has been
documented with a kappa value of over 80% for all categories
of articles [36].

The Premium Literature Service (PLUS) process is based on
scientific principles for critical appraisal of the medical literature
to support evidence-based medicine, combined with multiple
ratings of clinical relevance by a worldwide network of
practicing health care professionals. Segments of the database
have been used many times to test various machine learning
approaches, including deep learning [3]. A vast community of
>4000 clinicians then rate methodologically rigorous articles
for clinical relevance and newsworthiness [37]. The resulting
PLUS database contains a distillation of the most reliable and
relevant published clinical research [38].

Data Set
The data used is the Critical Appraisal Process (CAP) data set,
which consists of the titles and abstracts of 155,679 articles
published between 2012 to 2020, identified by means of their
PubMed identifier and manually labeled by research associates
as those that “fulfilled” methodological rigor criteria (n=30,035)
or “failed” to meet methodological rigor criteria (n=125,644).
The data set will be randomly split into 80% for training, 10%
for validation, and 10% for testing. Along with being

unbalanced, the CAP data set is large and computationally
challenging for deep learning model development. To overcome
this limitation, we will first convert the data set into multiple
balanced subsets, then independently train one model per each
of the balanced subsets and use ensembling techniques [39-42]
to combine the independently trained models into a better model
with more robust performance.

Machine Learning Experiment
Using Python (Python Software Foundation), we will build our
models using the HuggingFace Transformers library [43].
HuggingFace is an open-source NLP and artificial intelligence
model hub that provides accessible and implementable
state-of-the-art models to the community [44]. Using PTLMs
available within the HuggingFace Transformers library, we will
experiment with variations of BERT models to determine which
have the best performance in article classification. These will
include BERT [23], BioBERT [45], BlueBERT [46], and
PubMedBERT [47]. These models differ in the pretraining text
domain. Pretraining a biomedical BERT model follows a
mixed-domain pretraining that initializes with standard BERT
pretraining using text data from BookCorpus [48] and English
Wikipedia (Wikimedia Foundation) [23], followed by
continuous pretraining using biomedical text. BioBERT is
pretrained using PubMed abstracts and PubMed Central full-text
articles [45], while BlueBERT is pretrained using PubMed text
and clinical notes from MIMIC-III (Medical Information Mart
for Intensive Care) [46]. PubMedBERT is pretrained using
domain-specific text data from a collection of 14 million
PubMed abstracts, which were downloaded in February 2020,
with abstracts under 128 words removed [47]. Our selection of
these models was guided by their availability within the
HuggingFace repository and their reported performance in the
Biomedical Language Understanding and Reasoning Benchmark
leaderboard [47,49].

For the top-performing model that maintains sensitivity >98%,
we plan to prospectively validate its real-world performance in
the McMaster PLUS reading process. A random sample of
incoming articles that are classified as failed articles will be
allocated to research staff blinded to the model determination.

To evaluate the performance of machine learning models, we
will report the sensitivity (recall), specificity, accuracy,
precision, the number of articles that need to be read before
finding one that is positive, and F-score (harmonic mean of
recall and precision metrics [50]) (Table 1). We will report the
probability score threshold, with corresponding 95% CIs, for
each model. The machine learning models return a probability
score for each article that represents the probability that the
article is of high quality, and ranges from 0 (does not meet
criteria) to 1 (meets criteria). For a given article, the probability
will vary depending on the composition of the model. To
prospectively validate the performance of the best model, we
will report the same diagnostic characteristics for prospective
validation of the model. Fine-tuning hyperparameter settings
(number of epochs, learning rate, batch size, and number of
random seeds) of the selected models for validation will be
reported.
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Table 1. Definitions and formulas pertaining to performance metrics.

FormulaDefinitionMeasure

TPa/(TP+FNb)The proportion of correctly identified positive articles fulfilling criteria among
those predicted to be positive

Recall (sensitivity)

TNc/(TN+FPd)The proportion of articles correctly identified as not meeting criteria among
those predicted as negative

Specificity

TP/(TP+FP)The proportion of correctly identified positives among all classified positivesPrecision

2 × ([precision × recall]/[precision + re-
call])

Harmonic mean of precision and recallF-measure

(TP+TN)/(TP+FP+FN+TN)The number of correctly predicted documents out of all classified documentsAccuracy

1/precisionThe number of articles that need to be read before finding one that is positive
(meets criteria)

Number needed to read

aTP: true positive.
bFN: false negative.
cTN: true negative.
dFP: false positive.

Results

Initial model development is underway, with further
development planned for early 2022. Performance testing is
expected to start in February 2022. Results will be published
in 2022.

Discussion

BERT is considered the state-of-the-art model for NLP. To our
knowledge, this is the first experiment to investigate the use of
PTLMs in the identification of high-quality articles from the
biomedical literature [51]. Our study leverages a large data set
of over 150,000 citations that have been manually tagged by
experienced research associates, making it one of the few
reliable sources for training machine learning models to identify

high-quality clinical literature [50]. Our application and analysis
of BERT models may provide a better performing automation
model suitable for incorporation in literature surveillance
processes at HiRU and elsewhere.

Artificial intelligence and machine learning applications are
complex and known for their black-box nature, providing
predictions without enough explanation [52]. Besides the
accurate prediction and the decrease in workload, trust in
algorithmic decisions is essential, especially in medicine and
health care research [53]. To overcome the lack of transparency,
interpreting machine learning models and their decision-making
process has become a growing focus among academic and
industrial machine learning experts [54]. Next steps include
interpreting the decisions made by the model. This would allow
us to understand the justification behind model decision-making
[55].
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Abstract

Background: Studies evaluating cosmetic gynecological interventions have followed variable methodology and reported a
diversity of outcomes. Such variations limit the comparability of studies and the value of research-based evidence. The development
of core outcome sets (COS) and core outcome measures sets (COMS) would help address these issues, ensuring a minimum of
outcomes important to all stakeholders, primarily women requesting or having experienced cosmetic gynecological interventions.

Objective: This protocol describes the methods used in developing a COS and COMS for cosmetic gynecological interventions.

Methods: An international steering group within CHORUS, including health care professionals, researchers, and women with
experience in cosmetic gynecological interventions from 4 continents, will guide the development of COS and COMS. Potential
outcome measures and outcomes will be identified through comprehensive literature reviews. These potential COS and COMS
will be entered into an international, multi-perspective web-based Delphi survey where Delphi participants judge which domains
will be core. A priori thresholds for consensus will get established before each Delphi round. The Delphi survey results will be
evaluated quantitatively and qualitatively in subsequent stakeholder group consensus meetings in the process of establishing
“core” outcomes.
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Results: Dissemination and implementation of the resulting COS and COMS within an international context will be promoted
and reviewed.

Conclusions: This protocol presents the steps in developing a COS and COMS for cosmetic gynecological interventions.
Embedding the COS and COMS for cosmetic gynecological interventions within future clinical trials, systematic reviews, and
practice guidelines could contribute to enhancing the value of research and improving overall patient care.

Trial Registration: Core Outcome Measures in Effectiveness Trials (COMET) 1592; https://tinyurl.com/n8faysuh

International Registered Report Identifier (IRRID): PRR1-10.2196/28032

(JMIR Res Protoc 2021;10(11):e28032)   doi:10.2196/28032

KEYWORDS

core outcome sets; core outcome measures sets; cosmetic gynecological surgery; intervention; labiaplasty; vulva; gynecology;
cosmetic surgery; surgery; framework; outcome; effective; implementation

Introduction

Cosmetic gynecology is a rapidly developing area of
gynecology, often closely linked to the clinical practice on the
lower genital tract and relevant to the scope of practice of pelvic
floor medicine and surgery, urogynecology, or plastic surgery
[1].

Cosmetic gynecological interventions are elective surgical
procedures aiming to “enhance the aesthetic appearance of the
female external genitalia, modify genital organs, or functional
vaginal procedures (in the absence of anatomic pathology), to
help improve a woman’s quality of life” [2].

According to the Cosmetic Surgery National Data Bank,
cosmetic female genital surgery is the second fastest growing
surgical procedure domain, with an increase of over 50% in 5
years [3].

Different approaches include surgical, nonsurgical, regenerative,
and energy-based techniques. Increases in labiaplasty and other
labial and vulvar procedures in recent years in different parts
of the world, both for reconstructive as well as for cosmetic
indications, may be partly due to an increasing popularity,
lifestyle, and media interest [4,5]. When the outcomes of these
interventions are suboptimal or even catastrophic, lifelong
implications on women’s anatomy, pelvic floor function,
psychosexual function, and overall quality of life may require
additional and long-term health care resources and support. On
the other hand, associations between body dysmorphic disorders
and requests for cosmetic procedures are well documented [6],
and patient treatment pathways require robust scientific
justification.

The combination of cultural shifting on body stereotypes and
the patient’s specific view about vulvar anatomy that intervenes
in the sexual sphere up to associations with body dysmorphic
disorders makes the management and fulfilling of patient
expectations in cosmetic gynecological interventions delicate
and critical [6-9].

In studies on cosmetic gynecological interventions, several
issues around quality of evidence are obvious [10]: research
evidence is limited, and the few published studies are mainly
retrospective and observational, with small numbers of patients
and short-term follow up [11,12]. Validated measurement
instruments are of paramount importance in this type of research

as well as clinical practice, in order to support our understanding
of the role and appropriateness of cosmetic gynecological
interventions. However, recent research has shown that
measurement instruments in published studies are highly
variable, ranging from only 2 validated questionnaires for
cosmetic gynecological appearance and surgery (Genital
Appearance Satisfaction scale and the Cosmetic Procedure
Screening Scale-Labiaplasty) to mostly no outcome measures
that fulfil actual subjective or objective standards [2,13].

Cosmetic procedures can be requested by patients with
functional or psychological or psychiatric disorders [4], and
underlying pathologies should be assessed and managed prior
to considering embarking on surgery. The analysis by Crouch
et al [14] revealed that women seeking surgery had the same
normal-sized labia minora similar to women in the control group
not desiring cosmetic gynecological surgery. A combination of
shared decision-making and questionnaires evaluating patient
expectations might be a favorable approach [15].

Furthermore, psychological well-being and disorders are very
difficult to assess and may greatly change with time, so that
regret and revisions surgery rates should be reviewed and
evaluated over sufficiently long-term follow-up periods [9,16].

The collection and reporting of outcomes and the selection of
outcome measures not only in this field but also in various other
areas of pelvic floor research has been largely overlooked. The
consequence of this is a variety of differing outcomes that make
analysis and conclusion drawing across groups of studies
through systematic reviews and meta-analyses difficult, and
sometimes, impossible.

A COS might increase reporting of important outcomes, reduce
the risk of selective outcome–reporting, and increase the
feasibility of conducting systematic reviews and meta-analyses
[17].

We have developed CHORUS, an International Collaboration
for Harmonising Outcomes, Research, and Standards in
Urogynecology and Women’s Health (https://i-chorus.org/)
with representatives from different geographical areas and
academic institutions. Specific projects undertaken by CHORUS
aim to tackle such limitations in research evidence and current
standards. Among other initiatives, a number of systematic
reviews on surgical interventions for anterior compartment
vaginal prolapse, synthetic mesh procedures for the surgical
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treatment of pelvic organ prolapse, childbirth trauma, posterior
and apical prolapse surgery, stress incontinence, and chronic
pelvic pain have already been completed and published [18-25].

Addressing the variation in treatment protocols, outcome
selection, and reporting represents a priority. Aiming to work
on the basis of the paradigm of the Outcome Measures in
Rheumatology (OMERACT) initiative could help address these
issues [26,27].

This project has been prospectively registered with the Core
Outcome Measures in Effectiveness Trials (COMET) initiative
[28-30] (registration number 1592, Protocol version 1,
registration date July 2020) [31]. The Core Outcomes in
Women’s Health (CROWN) initiative will support the
dissemination and implementation of a COS and COMS for
cosmetic gynecological interventions to increase the value of
primary research, by encouraging future POP trials to report
core outcomes and thus contribute high-quality data to future
meta-analyses [32].

Guidance for clinicians on how best to care for the healthy
woman seeking cosmetic surgery is highly needed. The
development of a COS and COMS by a multi-stakeholder group,
would help address and guide patient expectations around
various treatments and encourage physical and psychological
long-term follow-up. COSs are minimum data sets of
well-defined, discriminatory, and feasible outcomes that can be
measured in a standardized manner and consistently reported
[32].

Methods

Methods Overview
Our methodology for the development of the COS and COMS
in cosmetic gynecological interventions will be based on the
standards set out by the COS-STAD (Core Outcome
Set-Standards for Development) recommendations [33-35]. The
COS-STAD recommendations suggest that the development of
a protocol at the start of the COS development process is
advisable, as it increases transparency of the process.

The protocol is also in line with the COMET Initiative
Handbook guidelines and other COS development research
relevant to women’s health, including preeclampsia,
endometriosis, stress incontinence, and childbirth trauma
[34-37].

Identifying Potential Outcomes
Selection of appropriate outcomes is an essential step of the
study design. Clinical studies that evaluate cosmetic
gynecological interventions must select outcomes of relevance

to key stakeholders and measure them using appropriate
instruments.

Mapping all outcomes reported in clinical studies evaluating
cosmetic gynecological interventions in women will provide
the basis for initializing the process of development of COS.
This process is in accordance with the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) statement,
supported by funders of health research [38]. Data from a new
systematic review that is under preparation will be the main
basis of our report as none are available on patient outcomes.

In line with our previous work, a list of potential core domains
on the variation in outcomes and outcome measures in cosmetic
gynecological interventions from randomized trials [18,19,21]
and other published research, in order to create a comprehensive
inventory of potential outcomes on the basis of literature reviews
and group discussions will be drafted. These inventories will
form the basis for consideration of potentially eligible outcomes,
and outcome measures and will be enriched during focus group
consultations and the Delphi process and feedback. The COS
will also comprise adverse events (AEs) and contextual factors
that are reported in surgical trials. As cosmetic gynecological
interventions are not attributable to a recognizable pathology
(eg. genital malformation, dermatoses, or acquired disease), the
identification of potential outcomes is of utmost importance.
The International Society of Aesthetic Plastic Surgery (ISAPS)
and the International Urogynecological Association (IUGA)
are not prescriptive for the reporting of core outcomes in clinical
trials on cosmetic gynecological interventions.

In the second line, data from expert guidelines (EG) and
stakeholder opinions (SO) will be included and described in the
Creating an International Group for the Development of a COS
for Cosmetic Gynecological Interventions subsection.

All outcomes and outcome measures reported within the reports
will be identified and categorized. Following the steering
group’s agreement, the outcomes and definitions will be entered
into a modified Delphi method.

The first step will be to group different definitions together
under the same outcome name. The next step will be to group
these outcomes into outcome domains to classify broad aspects
of the effects of interventions. Categorization of each outcome
definition to an outcome name and of each outcome to an
outcome domain will be performed independently by 2
researchers with diverse multi-professional backgrounds.

One way to overcome inconsistent selection, measurement, and
divergent reporting of outcomes, is a process (Figure 1)
recommended by the COMET Initiative [39]. This process has
been successfully applied in several disciplines to develop,
disseminate, and implement COS in cosmetic gynecology.
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Figure 1. The stages of developing a core outcome set for cosmetic gynecological interventions. COS: core outcome set.

Outcome Inventory
A comprehensive inventory of outcomes, identified by the
systematic reviews and analyses of qualitative interviews, as
described above, will be developed on the basis of standard
methodology we followed in other areas of pelvic floor disorders
[40]. Outcome domains will be listed in a database and coded
in accordance with the taxonomy proposed by the COMET
Initiative.

If there is uncertainty regarding how to classify or present an
outcome, consensus of the steering group will be sought.
Following the steering group’s agreement, the outcome
inventory will be entered into the modified Delphi method.

Creating an International Group for the Development
of a COS for Cosmetic Gynecological Interventions
An international steering group within CHORUS, including
health care professionals from different geographical areas and
disciplines; key opinion leaders such as plastic surgeons,
urogynecologists, gynecologists, colorectal surgeons, urologists,
general practitioners, researchers, policy makers, industry
representatives, and professional societies’ representatives; and
most importantly women with experience of cosmetic
gynecological interventions will lead the development of these
COS and COMS [41]. In line with methods developed and
endorsed by COMET (reference COMET Handbook), key
stakeholders performing vulval surgery (self-declaration) or
publishing on cosmetic gynecological interventions (randomized
clinical trials or systematic reviews that are published in
internationally peer-reviewed journals) will be identified,
approached, and selected for representativeness via professional
societies (ISAPS and IUGA) and the CHORUS website
(i-chorus.org and social media). There are no clear
recommendations for calculating the required sample [42]; based
on previous studies, we will aim to include a minimum of 20
participants from each stakeholder group.

Generation of a List of Potential Core Domains
Potential core outcome domains to be selected and evaluated
will comprise patient satisfaction and surgical outcomes and
may further include morbidity, quality of life and life impact,
resource use and economic impact, pathophysiological and
psychological manifestations, choices influence by context,
long-term impact, and adverse events [43]. A specific health
framework on definitions and domains in cosmetic
gynecological medicine is not available yet. The collated COS
will not be categorized into primary or secondary outcomes as
the prioritization will be designated by future studies. A COS
will not preclude measurement of additional outcomes if relevant
to a specific trial. Recommendations about the weighting of
COS domains, however, will be proposed depending on the
data from systematic reviews (SR), EGs, and SO. The category
of recommendation will be declared (SR, EG, and SO). These
COS and COMS will be applicable to clinical studies evaluating
therapeutic interventions for women with cosmetic
gynecological procedures.

This group will address the need for the development of
effective interventions to improve the outcomes of cosmetic
gynecological procedures and the effect these procedures may
have on women’s quality of life, considering the flaws and
weaknesses of current evidence. Updates will be provided on
a biyearly basis.

Study Management
The project for developing a COS and COMS for cosmetic
gynecological interventions will be supervised by a management
team and a steering committee. The management team will meet
monthly and organize day-to-day tasks and overall work
progress. The management team will include research partners.
The steering committee will meet at 6-month intervals and will
include an independent chairperson and 2 other independent
expert members who can provide advice on methodology and
cosmetic gynecology–related issues. There will also be
representatives from the management team. The role of the
steering committee will be to provide support and guidance.
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The designed CHORUS members, from different geographical
locations, will directly identify patients or will be helped to
contact patients by other health care providers who could have
direct contact to patients. Women with experience in cosmetic
gynecological interventions will be invited to participate in the
study management and oversight process after sending them an
informative document.

The question regarding ethics has been considered and addressed
in a number of previous COS development projects. It has been
suggested that these projects are considered a service evaluation
not directly influencing patient care or safety [26,34,35,37,44].
Consent will be sought from all participants involved before
their participation in either stakeholder interviews or the Delphi
survey. All procedures will be conducted in accordance with
the tenets of the Declaration of Helsinki. A “no-response” option
will be allowed both for the survey and interactive parts of the
study, to ensure responders’ right to withhold information. A
specific timeframe of the Delphi process will be provided and
information concerning the interval of data storage and handling
will be made available to all participants.

Modified Delphi Method
The core outcomes will be determined using a modified Delphi
method [45], where several surveys are delivered over a series
of rounds. The Delphi method consists of sequential web-based
surveys that constitute consecutive rounds in an anonymous
way. After each round, the group responses are fed back to the
respondents who can reconsider their views on the basis of the
report of the group views [43]. The modified Delphi method
has advantages over less structured consensus methods.
Web-based Delphi surveys facilitate international participation
and are considered feasible, efficient, and acceptable to the user
[46,47].

Round 1
Participants will be asked to register on the internet, provide
demographic details, and commit to all 3 rounds. They will be
allocated a unique identifier, which will anonymize their
responses.

Delphi survey round 1 will contain a list of outcomes to be
scored, ordered alphabetically by domains. The list of outcomes
will include the option to display a more detailed plain-language
description. Participants will be asked to score individual
outcomes, using a 7-point Likert Scale, anchored between 1
(not important) and 7 (critical). This scale was created by the
Grading of Recommendations Assessment, Development and
Evaluation (GRADE) working group, and it has been widely

adopted by COS developers [48]. There will be provision for
an option for participants to suggest additional outcomes.

For each outcome, the median (IQR) values of scores will be
calculated and summarized graphically for the whole and
individual stakeholder group responses, using GraphPad Prism
(GraphPad Software). Additional outcomes listed by participants
will be reviewed by the outcome committee and, if novel, listed
in round 2. The round will close following a 4-week window.

The number of participants in each stakeholder group who
respond to round 1 will be assessed at the end of the round.
Results will be presented as n (%) values for the following
parameters: (1) registrations, (2) respondents who have
completed the survey, (3) respondents who completed the round,
(4) respondents in each stakeholder group, (5) respondents
compared to potential respondents, as identified from the
information provided by clinical leads, and (6) new respondents
who were not included in original invitation to complete the
survey.

Round 2
Participants will be informed regarding the outcome scores from
the previous round. After revealing their own score, participants
will be invited to rescore each outcome. Any changes in the
score from round to round will be noted. The round will close
following a 4-week window.

The modified Delphi method encourages repeated reflection
and rescoring, promoting whole and stakeholder group
convergence upon consensus “core” outcomes [49]. These
rounds’ results will enable individual outcomes to be classified
as shown in Table 1 [42]. These definitions and criteria have
been proposed by previous COS developers [17].

The feedback report of the second round will be presented to
all participants invited. A priori consensus will be set at 67%
of the panel agreeing that a domain will be core, with domains
reaching this threshold to be included in this COS. If there are
clear discrepancies between stakeholder groups or if
controversial arguments emerge, the results will be presented
to the Steering Committee for final decisions. Examples exist
where patients identified an outcome important to them as a
group that might not have been considered by clinicians on their
own [17]. Controversial arguments will be reported in the COS
and COMS publication on cosmetic gynecological interventions.
Round 2’s results will also be reviewed by the steering group
to consider whether a further Delphi survey round (round 3) is
required.

Table 1. Consensus status based on core outcome criteria.

CriteriaDescriptionConsensus status

Over 70% of participants in each stakeholder group score this outcome domain
“critical” and less than 15% of participants in each stakeholder group score the
outcome domain “not important.”

Classify as a core outcomeConsensus in

Over 70% of participants in each stakeholder group score the outcome domain
“not important” and less than 15% of participants in each stakeholder group
score the outcome domain “critical.”

Do not classify as a core outcomeConsensus out

Anything elseDo not classify as a core outcomeNo consensus
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Presentation of the COS/COMS
The analyses will be primarily descriptive, with frequency
counts provided for the variables. A limited number of analyses
for trends within categorical variables (chi-square or Fisher’s
exact test) will be performed. These analyses examine the
relationship between measures of consensus, the different
stakeholders, and diagnostic criteria.

Stakeholder Consultation
During this final phase, a consultation chaired by an independent
coordinator will be undertaken, with the purpose of selecting
outcomes to be validated and included in the COS. In addition,
outcomes that do not meet core outcome criteria will be
discussed and considered. This consultation will purposefully
include various points of view from participants who have
completed all rounds of the Delphi survey. During the consensus
process, the results from each round of the Delphi survey will
be presented. To avoid biased consensus formation among a
group of varied participants, the steering committee will consider
all opinions [32] in an interactive consultation. To facilitate
dissemination and implementation, editors from key journals
and funders of cosmetic gynecological research will be invited
to participate.

Results

CHORUS aims to develop and sustain a robust research culture
and clinical excellence by promoting, conducting, and
implementing research that not only contributes to improvements
in the knowledge base and patient care, but also informs the
development of clinical standards and aims to improve clinical
services for patients and users. With the implementations of
COS and COMS, comparability of primary research and findings
of meta-analyses and systematic reviews will become more
scientifically sound and clinically relevant. Commitment to

delivering a research agenda that is focused on enhancing
clinical and cost-effectiveness and on systematic measures to
monitor and improve quality will add value to research and its
purpose to inform clinical practice. Funding bodies will not
have any involvement in the design, conduction, analysis, and
interpretation of data, or in writing the manuscript and the
publication process.

Discussion

The efficacy and safety of cosmetic genital procedures, scientific
justification, and validation should be confirmed through
rigorous evaluation. Meta-analyses based on high-quality trials
are highly warranted. The development of core outcome sets
(COS) and outcome measures sets (COMS) will form the basis
for better quality research to inform clinical practice and support
patient-centered care.

As dissemination is the pivotal step in the effective application
of trial outcomes, this will be planned in detail, drawing on the
necessary expertise, at the outset of any research undertaking.
The full report and academic publication will report with
reference to the COS–Standards for Reporting statement and
checklist [33].

The National Institute for Health and Care Excellence
recommends the use of COS when selecting outcomes during
evidence scoping and synthesis [39]. As the output of this
activity may form the basis of developing guideline
recommendations, the COS and COMS could have a direct
impact in improving health care for women undergoing cosmetic
gynecological interventions. Consensus on both domains and
instruments achieved by interdisciplinary groups of different
relevant stakeholders, including patients, will improve future
health care for women and should be implemented in medical
education.
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Related Article:
 
Correction of: https://www.researchprotocols.org/2021/9/e30899
 

(JMIR Res Protoc 2021;10(11):e34393)   doi:10.2196/34393

In “The Good Food for Learning Universal
Curriculum-Integrated Healthy School Lunch Intervention:
Protocol for a Two-Year Matched Control Pre-Post and Case
Study” (JMIR Res Protoc 2021;10(9):e30899), one error was
noted.

In the originally published paper, one author, Sylvana Tu, was
not included in the list of authors. Sylvana Tu has now been
included in the authorship list between authors Sinikka Elliott
and Brent Hills. Sylvana Tu's author affiliation has also been
added as follows:

Saskatchewan Population Health Evaluation and
Research Unit, University of Saskatchewan,
Saskatoon, SK, Canada

This affiliation has been added as affiliation 9 in the corrected
paper, and the remaining affiliations have been renumbered
accordingly.

The full list of authorship and affiliations was as follows in the
originally published paper:
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Rachel Engler-Stringer1, PhD; Jennifer Black2, PhD;

Nazeem Muhajarine1, PhD; Wanda Martin3, PhD;

Jason Gilliland4, PhD; Janet McVittie5, PhD; Sara

Kirk6, PhD; Hannah Wittman2, PhD; Amin Mousavi7,

PhD; Sinikka Elliott8, PhD; Brent Hills9, MEd;

Gordon Androsoff10, MSc; Debbie Field11, MA; Brit

Macdonald12, BA; Chelsea Belt13, MSc; Hassan

Vatanparast14, PhD
1Department of Community Health and Epidemiology,
College of Medicine, University of Saskatchewan,
Saskatoon, SK, Canada
2Faculty of Land and Food Systems, University of
British Columbia, Vancouver, BC, Canada
3College of Nursing, University of Saskatchewan,
Saskatoon, SK, Canada
4Western University, London, ON, Canada
5Department of Educational Foundations, College of
Education, University of Saskatchewan, Saskatoon,
SK, Canada
6School of Health and Human Performance,
Dalhousie University, Halifax, NS, Canada
7Department of Educational Psychology and Special
Education, College of Education, University of
Saskatchewan, Saskatoon, SK, Canada
8Department of Sociology, University of British
Columbia, Vancouver, BC, Canada
9Saskatoon Public Schools Division, Saskatoon, SK,
Canada
10CHEP Good Food Inc, Saskatoon, SK, Canada
11Coalition for Healthy School Food, Food Secure
Canada, Montreal, QC, Canada
12Little Green Thumbs Program, Agriculture in the
Classroom, Saskatoon, SK, Canada
13Health Promotion Department, Saskatchewan
Health Authority, Saskatoon, SK, Canada
14College of Pharmacy and Nutrition, University of
Saskatchewan, Saskatoon, SK, Canada

This has been corrected to:

Rachel Engler-Stringer1, PhD; Jennifer Black2, PhD;

Nazeem Muhajarine1, PhD; Wanda Martin3, PhD;

Jason Gilliland4,PhD; Janet McVittie5, PhD; Sara

Kirk6, PhD; Hannah Wittman2, PhD; Amin Mousavi7,

PhD; Sinikka Elliott8, PhD; Sylvana Tu9, MPH; Brent

Hills10, MEd; Gordon Androsoff11, MSc; Debbie

Field12, MA; Brit Macdonald13, BA; Chelsea Belt14,

MSc; Hassan Vatanparast15, PhD
1Department of Community Health and Epidemiology,
College of Medicine, University of Saskatchewan,
Saskatoon, SK, Canada
2Faculty of Land and Food Systems, University of
British Columbia, Vancouver, BC, Canada
3College of Nursing, University of Saskatchewan,
Saskatoon, SK, Canada
4Western University, London, ON, Canada
5Department of Educational Foundations, College of
Education, University of Saskatchewan, Saskatoon,
SK, Canada
6School of Health and Human Performance,
Dalhousie University, Halifax, NS, Canada
7Department of Educational Psychology and Special
Education, College of Education, University of
Saskatchewan, Saskatoon, SK, Canada
8Department of Sociology, University of British
Columbia, Vancouver, BC, Canada
9Saskatchewan Population Health Evaluation and
Research Unit, University of Saskatchewan,
Saskatoon, SK, Canada
10Saskatoon Public Schools Division, Saskatoon, SK,
Canada
11CHEP Good Food Inc, Saskatoon, SK, Canada
12Coalition for Healthy School Food, Food Secure
Canada, Montreal, QC, Canada
13Little Green Thumbs Program, Agriculture in the
Classroom, Saskatoon, SK, Canada
14Health Promotion Department, Saskatchewan
Health Authority, Saskatoon, SK, Canada
15College of Pharmacy and Nutrition, University of
Saskatchewan, Saskatoon, SK, Canada

The correction will appear in the online version of the paper on
the JMIR Publications website on November 3, 2021, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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In “Text Messaging Versus Email Messaging to Support Patients
With Major Depressive Disorder: Protocol for a Randomized
Hybrid Type II Effectiveness-Implementation Trial” (JMIR Res
Protoc 2021;10(10):e29495) the authors noted two errors.

1. In the originally published paper, author affiliations 1 and 2
were numbered incorrectly. The numbering of these affiliations
has been switched in the corrected paper.

2. The equal contribution symbol '*' for author Felix Osiogo
has been removed.

The complete list of authorship and affiliations was originally
published as follows:

Medard Kofi Adu1*, BSc, MSc; Reham Shalaby1*,

MD; Ejemai Eboreime1, MD, PhD; Adegboyega

Sapara1, PhD, FRCPC; Nnamdi Nkire1, MD, MBBS,

DHSM, DCP, FRAMI; Rajan Chawla1, MBBS, CCT,

MSC, MRCPsych; Chidi Chima1, MBBS, MPH, PhD;

Michael Achor1, MD, MSC, FRCPC; Felix Osiogo1*,

FRCPC, FWACS, CCT-UK, MBBS; Pierre Chue1,

MD, DABPN, MRCPsych, FRCPC; Andrew J

Greenshaw1, PhD, FRSA; Vincent Israel Agyapong1,2,
MD, PhD, FRCPC, FRCPsych
1Department of Psychiatry, Faculty of Medicine,
Dalhousie University, Halifax, NS, Canada
2Department of Psychiatry, Faculty of Medicine and
Dentistry, University of Alberta, Edmonton, AB,
Canada
*these authors contributed equally

This has been corrected to the following:

Medard Kofi Adu1*, BSc, MSc; Reham Shalaby1*,

MD; Ejemai Eboreime1, MD, PhD; Adegboyega

Sapara1, PhD, FRCPC; Nnamdi Nkire1, MD, MBBS,

DHSM, DCP, FRAMI; Rajan Chawla1, MBBS, CCT,

MSC, MRCPsych; Chidi Chima1, MBBS, MPH, PhD;

Michael Achor1, MD, MSC, FRCPC; Felix Osiogo1,

FRCPC, FWACS, CCT-UK, MBBS; Pierre Chue1,
MD, DABPN, MRCPsych, FRCPC; Andrew J
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Greenshaw1, PhD, FRSA; Vincent Israel Agyapong1,2,
MD, PhD, FRCPC, FRCPsych
1Department of Psychiatry, Faculty of Medicine and
Dentistry, University of Alberta, Edmonton, AB,
Canada
2Department of Psychiatry, Faculty of Medicine,
Dalhousie University, Halifax, NS, Canada

*these authors contributed equally

The correction will appear in the online version of the paper on
the JMIR Publications website on November 5, 2021, together
with the publication of this correction notice. Because this was
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories.
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KEYWORDS

Lived experience; National Disability Insurance Scheme; emergency department; psychosocial disability; communication pathways

In “National Disability Insurance Scheme and Lived Experience
of People Presenting to the Emergency Department: Protocol
for a Mixed Methods Study” (JMIR Res Protoc
2021;10(11):e33268) the authors noted some errors. The
following changes have been made to correct these errors:

Title

In the originally published article, the title read as follows:

National Disability Insurance Scheme and the Lived
Experience of Psychosocial Disability for People
Presenting to the Emergency Department: Protocol
for a Mixed Methods Study

In the corrected version, the title has been revised to:

National Disability Insurance Scheme and Lived
Experience of People Presenting to the Emergency
Department: Protocol for a Mixed Methods Study

Author metadata

In the originally published article, degrees for author Nicholas
Gerard Procter appeared as follows:

BASoc, PsycNurs, MBA, PhD

In the corrected version, these degrees are revised as follows:

BA, MBA, PhD

Corresponding author's address

In the originally published article, the corresponding address
was as follows:

GPO Box 2471

North Terrace

Adelaide, 5001

Australia

Phone: 61 8 8302 1132

Fax: 61 8 8302 2168

In the corrected version, the address has been revised as follows:

School of Nursing and Midwifery

PO Box 2471

Adelaide, 5001

Australia

Phone: 61 419856683

Abstract

• Under Background, the sentence “There are missed
opportunities for early intervention and care continuity that
could potentially inform ED practitioners to revise current
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practices” was changed to “There are missed opportunities
for early support and care continuity that could potentially
inform ED practitioners to revise current practices.”

• Under Objective, the sentence “…to gain knowledge from
ED clinicians around processes for continuity of care with
this population group” was changed to “…to gain
knowledge from ED clinicians around processes for
improving continuity of care and consumer experience.”

• Under Methods, the sentence “Interviews will focus on the
lived experience voice exploring potential indicators that
have led to an ED presentation, alongside an analysis of
associated clinical and administrative documentation and
communications” was changed to “Interviews will focus
on the lived experience voice exploring concerns that have
led to an ED presentation, alongside an analysis of
associated clinical and administrative documentation and
communications.”

• Under Conclusions, the sentence “…pathways of care for
this vulnerable group of people, while also informing health
policy” was changed to “…pathways of care for consumers
and carers, while also informing health policy.”

Introduction

• In the first paragraph, the sentence “In South Australia,
there were 519,607 total presentations at EDs, with 23,739
(4.5%) presentations classified as “Mental and Behavioural
Disorders,” which represents a 1% increase compared with
the national average” was changed to “In South Australia,
there were 519,607 total presentations at EDs, with 23,739
(4.5%) of peoples’ presentations classified due to mental
health–related distress which represents a 1% increase
compared with the national average.”

• In the first paragraph, the sentence “…disconnection with
support networks, or the inability to navigate access across
multiple services. Those with a PSD…” was changed to
“…disconnection with support networks, or difficulties
navigating access across multiple services. Those living
with a PSD….”

• In the second paragraph, the sentence “Those in a mental
health crisis periodically have the longest wait times in the
ED and, at times, leave before treatment is completed.
Alternatively, they could present to the ED…” was changed
to “People experiencing mental health crisis periodically
have the longest wait times in the ED and, at times, leave
before care is completed. Alternatively, consumers can
present to the ED….”

• In the second paragraph, the sentence “Postdischarge from
clinical care represents a time of greater risk of dying by
suicide, possibly due to inadequate or a rationing of care.
Conversely, positive experiences of continuity of care
practices contribute to favorable patient outcomes” was
changed to “Postdischarge from clinical care represents a
time of greater risk of dying by suicide, reflecting critical
concerns about the quality of support and care being offered.
Generally, continuity of care recognizes that consumers
have relational continuity with providers who are trusted,
provide personalized responses, and have shared
understanding of the person’s goals.”

• In the third paragraph, the sentence “Lack of psychiatric
beds in hospitals can also be a cause for delayed treatment”
was changed to “Lack of psychiatric beds in hospitals can
also be a cause for delayed care.”

• In the third paragraph, the sentence “As the numbers of
psychiatric beds are reducing and patients are being
increasingly discharged from the ED to home (to be cared
for by community services), the aim of this study is to
discover how strategies used for implementing
communication pathways contribute to continuity of care
for this population group” was changed to “As the numbers
of psychiatric beds are reducing and consumers are being
increasingly discharged from the ED to home (to be
supported by community services), the aim of this study is
to discover how strategies used for implementing
communication pathways contribute to continuity of care
and improved experience.”

• In the fourth paragraph, the sentence “…services and
outcomes for patients” was changed to “…services and
person-centered, or -led outcomes.”

Methods

• Under Aims, the sentence “PSD was soon added to the
NDIS, with streamlined access for those with a PSD
implemented in April 2019. A primary focus of this study
will be to understand and clarify the preferred
communication pathways between the NDIS, ED, and those
with a PSD NDIS plan. To inform health policy, this study
will discover and interpret human behavior, perceptions,
and the meaning individuals make of their experiences…”
was changed to “PSD was soon added to the NDIS, with
streamlined access for people with a PSD implemented in
April 2019. A primary focus of this study will be to
understand and clarify the preferred communication
pathways between the NDIS, ED, and consumers with a
PSD NDIS plan. To inform health policy, this study will
discover and interpret the meaning individuals make of
their experiences….”

• Under Aims, the sentence “…mental health community
support services at transfer of care for those with mental
health concerns or who are in suicidal crisis?” was changed
to “…mental health community support services for people
with mental health concerns or who are in suicidal crisis?”

• Under Research Questions, in the first paragraph, the phrase
“with those with lived experience” was changed to “with
people with lived experience.”

• Under Research Questions, the first question “How do those
with lived experience, carers, and families experience
service integration and coordination across emergency care
and their NDIS providers? Are there signs and/or behaviors
that 1. NDIS providers should be alert to prior to clients
presenting to the ED? Can awareness of these signs and/or
behaviors be a catalyst to prevent an ED presentation?” was
revised as “How do those with lived experience, carers, and
families experience service integration and coordination
across emergency care and their NDIS providers? Are there
concerns and preferences that 1. NDIS providers should be
alert to prior to clients presenting to the ED? Can awareness
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of these concerns and preferences be a catalyst to prevent
an ED presentation?”

• Under Study Design, the sentence “The phenomena to be
discovered and interpreted for this study are:…” was
changed to “The study is focused on exploring and
interpreting….”

• Under Study Design, the sentence “Data collection will first
aim to discover the lived experience voice…” was changed
to “Data collection will first aim to elicit the lived
experience voice….”

• Under Study Design, the sentence “Primarily, the lived
experience interviews and of NDIS support
workers/coordinators (participant group 2) with interviews
and of NDIS…” was changed to “Primarily, lived
experience perspectives, including both consumer and carer
perspectives will be generated via interviews and NDIS….”

Table 1

• In Table 1, under column Exclusion criteria and row 1, the
phrase “Anyone that is unwell and unable to give informed
consent;” was changed to “Anyone that is unable to give
informed consent;”

Results

• The first sentence “The results of this study will provide
insight for strengthening discharge communication
pathways to enhance continuity of care to improve
connection with community mental health services and
outcomes for patients” was changed to “The results of this
study will provide insight for strengthening discharge
communication pathways between EDs and community
mental health services so that these reflect person-centered
and person-led care outcomes.”

Discussion

• Under Conclusion, the sentence “…lived experience to stay
well and to inform health policy” was changed to “…lived
experience to have improved voice and influence health
policy.”

The corrections will appear in the online version of the paper
on the JMIR Publications website on November 25, 2021,
together with the publication of this correction notice. Because
this was made after submission to PubMed, PubMed Central,
and other full-text repositories, the corrected article has also
been resubmitted to those repositories.
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Abstract

Background: A strong primary care system is vital to overall health. Research on the primary care of people with autism
spectrum disorder (ASD) has mostly focused on children. A synthesis of the existing literature related to the quality of primary
care for the adult population with ASD would elucidate what is known about the topic as well as inform future research and
clinical practice.

Objective: The purpose of our scoping review is to describe what is known about the quality of primary care for adults with
ASD and identify knowledge gaps.

Methods: Prior to beginning the literature search, we reviewed literature related to defining both primary care and primary care
quality to establish the context and concept of the research question. The search strategy was designed and executed by a research
librarian. The MEDLINE, CINAHL, EMBASE, PsycINFO, and ProQuest Dissertations and Theses databases were searched for
relevant literature. Grey literature will include relevant reports from government websites and associations with a focus on ASD.
Two members of the research team will independently screen the academic and grey literature. Quantitative, qualitative, or mixed
methods study designs involving the quality of primary care services or patient-centered care for adults with ASD are eligible
for inclusion in our scoping review. Studies that make it past the full-text review will undergo data extraction and quality appraisal
by 2 independent reviewers. The data extraction results will be presented in a tabular format to clearly present what is known
about the quality of primary care for adults with ASD; this table will be accompanied by a narrative synthesis. Literature selected
for extraction will be coded for themes, which will form the basis of a thematic synthesis. The scoping review will follow the
guidance proposed by the Joanna Briggs Institute.

Results: The search of electronic databases was conducted in October 2020, and it returned 2820 results. This research is still
in progress. The results from our scoping review are expected to be available by fall 2021.

Conclusions: The results from our scoping review will be useful for guiding future research on the quality of primary care for
adults with ASD.

International Registered Report Identifier (IRRID): PRR1-10.2196/28196

(JMIR Res Protoc 2021;10(11):e28196)   doi:10.2196/28196
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KEYWORDS
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Introduction

Background
Autism spectrum disorder (ASD) was first described in 1943
by Kanner [1]. In terms of presentation, ASD symptoms fall
along a spectrum but often involve deficits in reciprocal social
interaction and communication as well as the presence of
restrictive and repetitive behaviors [2,3]. The global prevalence
of ASD is estimated to be 1 in 160 persons [4]. It has been noted
that people with ASD have poorer health outcomes and use the
health care system differently from the general population [5,6].
Primary care providers are often an individual’s first point of
contact with the health care system, and they facilitate access
to additional health care services [7]. The majority of ASD
research has focused on children, and as such, most primary
care research related to ASD occurs in a pediatric care setting.
There is little known about how ASD in adulthood is managed
within the adult primary care system. This represents a
significant gap in the literature, as people with ASD have a high
number of physical and psychiatric comorbidities, which may
worsen as they continue to age [5]. The existing literature on
the primary care of adults with ASD must be examined to guide
future research in this field.

There has been much research on defining the attributes of
primary care and the quality of care [7-9]. One framework
suggests that there are 2 main measures of quality—accessibility
and effectiveness [7]. Under this framework, effectiveness is
broken down into the effectiveness of clinical care and
patient-centeredness [7]. Similarly, one systematic review
indicated that patient-centeredness and the quality of the
following primary care services are indicative of primary care
quality: the prescribing behaviors of primary care providers,
diagnosis and treatment in primary care, the management of
chronic diseases, mental health care, maternal and child health
care, preventive care, and health promotion [8]. Patient-centered
care is “an approach to practice established through the
formation and fostering of healthful relationships between all
care providers, service users and others significant to them in
their lives…underpinned by values of respect for persons,
individual right to self-determination, mutual respect and
understanding” [10]. The focus of these frameworks on clinical
care and patient-centered care makes them appropriate for the
study of ASD due to the medical complexities and interpersonal
deficits associated with ASD.

The objective of our scoping review is to investigate the
evidence related to the quality of primary care for adults with
ASD. The study will review literature involving an assessment
of primary care quality for adults with ASD, including
assessments of the quality of the clinical care provided as well
as the quality of interpersonal interactions among care providers,
patients, and patients’ families [7,11]. This conceptualization
will guide the screening and extraction of the literature. As
indicated by the Joanna Briggs Institute, scoping reviews are
an appropriate approach for synthesizing existing evidence and

identifying gaps in available knowledge [12]. Furthermore, a
preliminary literature search returned few literature results. This
undermined the feasibility of a systematic review.

As ASD is a lifelong condition, individuals diagnosed with ASD
will inevitably encounter the adult primary care system. The
core features of ASD include difficulties with social interaction
and communication, which can complicate the receipt of medical
care. Physicians’ lack of understanding of ASD, as well as poor
communication with health care providers, presents barriers to
health care for adults with ASD [13]. This review may shed
light on whether the current adult primary care system is meeting
the needs of adults with ASD, which in turn may inspire the
design and evaluation of appropriate care models.

Review Questions
Our main research question is as follows: what is known about
the quality of primary care for the adult population (aged ≥18
years) with a diagnosis of ASD receiving care in the adult
primary care system? The following are our secondary research
questions: (1) what types of patient-centered health or health
service measures have been reported in the literature related to
the primary care of adults with ASD and (2) what are the
evidence gaps related to the quality of primary care for adults
with ASD?

Methods

This paper describes a scoping review protocol that follows the
guidance proposed by the Joanna Briggs Institute [12].

Inclusion Criteria
The population, concept, and context approach was used to
guide the construction of the protocol inclusion criteria [12].

Participants
Our scoping review will include studies involving individuals
with ASD who are over the age of 18 years. In terms of
presentation, autism symptoms fall along a spectrum but often
involve deficits in reciprocal social interaction and
communication as well as the presence of restrictive and
repetitive behaviors; symptoms must be present “in the early
developmental period” [2,3]. To optimize the sensitivity of the
search strategy and ensure that all articles related to ASD are
included in our study, the search strategy was not restricted to
articles involving individuals with a formal diagnosis of ASD.
The ASD definitions that were identified in each individual
study were used to guide the literature screening and extraction
process.

Concept
All studies that include an assessment of primary care quality
will be included in the scoping review. To assess primary care
quality, we will include any literature assessing patient-centered
care as well as the quality of primary care services (ie,
prescribing behavior, diagnosis and treatment, the management
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of chronic diseases, mental health care, maternal and child health
care, health promotion, and preventive care) [8].

Patient-centered care is a complex concept. This scoping review
will use a broad definition of patient-centered care and include
all studies examining concepts related to patients’ relationships
with care providers, patient and family involvement, and
contexts in which care is delivered [10,11,14]. Literature with
structured or unstructured measures of patient-centered care
will be included.

Context
The Institute of Medicine defines primary care as “the provision
of integrated, accessible health care services by clinicians who
are accountable for addressing a large majority of personal
health care needs, developing a sustained partnership with
patients, and practicing in the context of family and community”
[15]. In this definition, a clinician “has direct contact with
patients and may be a physician, nurse practitioner, or physician
assistant” [15]. For the purposes of this review, included studies
must indicate that the main provider of primary care is a family
physician, general practitioner, internist, or advanced practice
nurse (eg, a nurse practitioner) [16]. This scoping review will
also include solo and group practice models, provided that the
primary responsible provider is one of the provider types listed
above. According to the Institute of Medicine, primary care can
occur in a variety of health care settings (eg, clinicians’ offices,
nursing homes, schools, etc) [15]. The scoping review will
include studies in which primary care was delivered in a clinic
setting (eg, a walk-in clinic) or during a home visit. Although
the population and context of interest for this scoping review

include young adults with ASD who are transitioning to adult
primary care, studies specific to the process of transitioning
from pediatric care to adult care will be excluded.

Types of Studies
Our scoping review will consider quantitative, qualitative, and
mixed methods study designs for inclusion. Original journal
articles, including doctorate theses, as well as grey literature
will be considered in this scoping review. Editorials, opinion
papers, conference abstracts, and policy analyses will be
excluded. There will be no restrictions on the language or year
of publication during the literature search. All abstracts will be
considered for a full-text review. If an article that is considered
for the full-text review is not available in English, then a
translation will be requested.

Search Methods

Search Strategy
The search strategy for the retrieval of studies from electronic
bibliographic databases and grey literature sources was designed
by one of the authors (AF)—a research librarian. The initial
search will involve a keyword search of MEDLINE (via Ovid).
The titles and abstracts of retrieved articles will be reviewed to
identify appropriate keywords and index terms. The final search
will be designed in MEDLINE (via Ovid), translated, and
conducted in select databases. Table 1 presents the full
MEDLINE search strategy. Backward and forward citation
searching will be performed on articles that are selected for data
extraction. If required, the authors of selected studies will be
contacted to obtain full articles or further information.
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Table 1. Ovid MEDLINE search strategy.a

Number of studies foundSearch stringsSearch number

78,551Primary Health Care1

95,184Physicians/ or Physician Assistants2

81,530exp General Practice/ or exp General Practitioners3

496exp Primary Care Nursing4

118,668office visits/ or community mental health services/ or ambulatory care/ or community health services/
or community health nursing/ or community medicine

5

150,228((primary or basic) adj2 (healthcare or care)).tw,kf6

105,743((general or family) adj (physician or physicians or doctor or doctors or practitioner or practitioners
or practice)).tw,kf.

7

11,093family medicine.tw,kf.8

4590((physician or doctor or physicians or doctors) adj (assistant or assistants or extender or extenders)).tw,kf.9

7311(internist or internists).tw,kf.10

17,764nurse practitioners/ or family nurse practitioners/11

8429nurse specialists/ or nurse clinicians/12

16,172(nurse adj (specialist* or practitioner* or clinician*)).tw,kf.13

265walk in clinic.tw,kf14

193advanced practice registered nurse.tw,kf15

2522first contact.tw,kf.16

36,166exp child development disorders, pervasive/17

57,925(autis* or asperger* or ASD or pervasive development disorder*).tw,kf.18

61,67217 or 1819

507,3951 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 1620

82019 and 2021

aThe date of search was October 22, 2020.

Information Sources
The databases that will be searched will include MEDLINE (via
Ovid), CINAHL (via EBSCO), EMBASE (via Embase.com),
PsycINFO (via EBSCO), and ProQuest Dissertations and
Theses. The search for grey literature will include searching for
reports on the websites of departments and ministries of health
and associations with a focus on ASD. This will help us to
identify reports related to primary care for adults with ASD.

Study Selection
After the completion of the literature search, the research
librarian will remove any duplicate citations and upload the
remaining citations into Covidence—a web-based software
program for managing literature reviews [17]. By using
Covidence, 2 team members (SMA and AW) will independently
assess the results of the published and grey literature searches.
The same screening criteria will be used for all types of included
evidence. In the first phase, the titles and abstracts of all records
will be assessed against the following screening questions: (1)
was a quantitative, qualitative, or mixed methods study design
used; (2) do the study’s participants involve or reference adults
with ASD; (3) does the study involve the receipt of health care
from a primary care clinician (family physician, general
practitioner, internist, or advanced practice nurse) in a primary

care setting (clinic or home visit); and (4) is there an assessment
of the quality of clinical services or patient-centered care? To
maximize the inclusion of relevant studies, a title or abstract
that appears to meet all screening criteria but lacks sufficient
detail for fully assessing a study’s eligibility will move forward
to the full-text review. All discrepancies about whether a study
meets the inclusion criteria will be resolved by consensus; in
cases where a consensus cannot be reached, a third team member
will be consulted.

Prior to the initial screening phase, the screening questions will
be pilot-tested by the two reviewers using a sample of 50 articles
retrieved from the MEDLINE (Ovid) database. The team
members will meet weekly to discuss discrepancies and make
modifications to the eligibility criteria and definitions guiding
the review. Once ≥75% agreement is achieved, the initial phase
of screening will commence [12].

The next phase of screening will involve reviewing the full texts
of all retained citations by using the same screening questions.
Disagreements about study inclusion will be resolved by a third
team member (SA). The reasons for exclusion will be
documented. The results of the search and screening will be
reported in the final scoping review and presented in a PRISMA
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(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) flow diagram [18].

Although scoping reviews do not generally include an appraisal
of the quality of included literature [12,18], studies that are
included in our scoping review will undergo critical appraisal.
A quality appraisal will add another layer to the findings related
to research gaps in the primary care of adults with ASD and
thus better direct future research endeavors. Included studies
will be appraised by using the 2018 version of the Mixed
Methods Appraisal Tool [19]—a reliable tool that can be applied
to the appraisal of quantitative, qualitative, and mixed methods
study designs [19-21].

Data Extraction
Two reviewers will use a tool designed by the study team to
independently extract information from sources based on
predefined criteria. The tool is displayed in Multimedia
Appendix 1. The effectiveness of clinical care and the
effectiveness of patient-centered care are the aspects of quality
that will be extracted. Following the extraction of data from the
first 2 included sources, the two reviewers will meet to
determine whether the tool extracts all relevant information and
modify the tool as necessary before resuming the review and
extraction of the remainder of the sources [12].

Data Analysis and Presentation
We will evaluate the number of studies related to the quality of
primary care for adults with ASD. We will describe the trends
in the studied sample, the study designs, the aspects of quality
that were measured, and the methods of quality assessment.
The results of the scoping review will be presented in a table,
which will be accompanied by a narrative synthesis that will
connect the results to the research objectives of the scoping
review [12]. The narrative synthesis will involve a summary
and description of the findings of the extracted studies. Our

scoping review will use a data-based convergent synthesis
design whereby all included studies will be analyzed by using
a qualitative approach (ie, thematic synthesis) [22]. If required,
data transformation will be performed. The analysis will be
carried out by one author (SMA) and validated by another author
(AW). Qualitative data analysis software will be used to code
the included literature for themes. These themes will form the
basis of the qualitative thematic synthesis. The results will be
reported by using the PRISMA scoping review reporting
guidelines [18].

Results

The search of electronic databases was conducted in October
2020. A total of 2820 results were retrieved, of which 34 were
identified as duplicates. Our scoping review was in the full-text
screening phase in February 2021. Data extraction and thematic
synthesis will occur during the summer of 2021. The completed
scoping review is expected to be submitted for publication in
December 2021.

Discussion

Our scoping review will examine the available evidence related
to the quality of primary care for adults with ASD and seek to
identify gaps in existing knowledge. The scoping review
protocol presented in this paper is novel; to our knowledge, no
review has been conducted on the quality of primary care
services for the adult population with ASD [23-25]. Reviews
that focus on health care for adults with ASD have been specific
to access to health care and not to the quality of the services
received [13,26,27]. This scoping review will identify gaps in
the literature and provide insight into future research needs
related to the provision of quality primary care for adults with
ASD.
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Abstract

Background: Provenance supports the understanding of data genesis, and it is a key factor to ensure the trustworthiness of
digital objects containing (sensitive) scientific data. Provenance information contributes to a better understanding of scientific
results and fosters collaboration on existing data as well as data sharing. This encompasses defining comprehensive concepts and
standards for transparency and traceability, reproducibility, validity, and quality assurance during clinical and scientific data
workflows and research.

Objective: The aim of this scoping review is to investigate existing evidence regarding approaches and criteria for provenance
tracking as well as disclosing current knowledge gaps in the biomedical domain. This review covers modeling aspects as well as
metadata frameworks for meaningful and usable provenance information during creation, collection, and processing of (sensitive)
scientific biomedical data. This review also covers the examination of quality aspects of provenance criteria.

Methods: This scoping review will follow the methodological framework by Arksey and O'Malley. Relevant publications will
be obtained by querying PubMed and Web of Science. All papers in English language will be included, published between January
1, 2006 and March 23, 2021. Data retrieval will be accompanied by manual search for grey literature. Potential publications will
then be exported into a reference management software, and duplicates will be removed. Afterwards, the obtained set of papers
will be transferred into a systematic review management tool. All publications will be screened, extracted, and analyzed: title
and abstract screening will be carried out by 4 independent reviewers. Majority vote is required for consent to eligibility of papers
based on the defined inclusion and exclusion criteria. Full-text reading will be performed independently by 2 reviewers and in
the last step, key information will be extracted on a pretested template. If agreement cannot be reached, the conflict will be
resolved by a domain expert. Charted data will be analyzed by categorizing and summarizing the individual data items based on
the research questions. Tabular or graphical overviews will be given, if applicable.

Results: The reporting follows the extension of the Preferred Reporting Items for Systematic reviews and Meta-Analyses
statements for Scoping Reviews. Electronic database searches in PubMed and Web of Science resulted in 469 matches after
deduplication. As of September 2021, the scoping review is in the full-text screening stage. The data extraction using the pretested
charting template will follow the full-text screening stage. We expect the scoping review report to be completed by February
2022.

Conclusions: Information about the origin of healthcare data has a major impact on the quality and the reusability of scientific
results as well as follow-up activities. This protocol outlines plans for a scoping review that will provide information about current
approaches, challenges, or knowledge gaps with provenance tracking in biomedical sciences.
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Introduction

The (re-)use of electronic medical and patient-related data offers
enormous potential for further investigations in clinical research
[1,2]. Different national initiatives such as the French Health
Data Hub initiative or the German Medical Informatics
Initiatives are committed to better knowledge discovery and
data sharing in the health care domain [3]. Resulting outcomes
enable patients and physicians a safe and rapid access to
therapies or treatment options. Subsequently, treatment costs
can be reduced. In this context, the access to quality-assured,
traceable, and hence, credible shared data is essential. Providing
information about the origin of data demands concepts for
traceability to gain understanding for the relationships between
results and source data. There is an increasing interest and need
to ensure traceability throughout scientific practice.
Consequently, a systematic knowledge compilation regarding
provenance and potential gaps is needed.

Provenance describes the origin of data. A basic understanding
of the term “provenance” is given with the description “what
happened” to the data [4]. Several different models exist to
formally express provenance information, for instance, the
World Wide Web Consortium PROV standard or CWLProv
[5,6]. Advantages and opportunities of providing data
provenance have been demonstrated, for instance, from the
experiences in the EU-Horizon 2020 TRANSFoRm project [4].
Moreover, the importance of provenance and the relation to
provenance within electronic health records is pointed out in
the study of Johnson et al [7]. A previously published systematic
review of provenance systems already investigated tools and
systems [8]. However, our own work aims to understand current
approaches and criteria as well as knowledge gaps for
provenance in biomedical as well as domain-independent
research.

The fields of research data management and FAIR
(findable-accessible-interoperable-reusable) data principles
consider provenance as one of the research pillars [9]. As such,
a provenance-oriented approach requires thorough planning,
execution, and evaluation of data management processes in the
respective application domain [1]. While capturing provenance
information in the research, adherence to criteria such as
consistency, interoperability, and confidentiality are required
across all software tools [2]. Furthermore, data privacy issues
have to be respected during modeling to keep compliance with
national and international requirements such as the European
General Data Protection Regulation [10,11].

Process quality with the associated workflow quality can be
achieved by monitoring and troubleshooting in applications or
in data integration scenarios such as Extract-Transform-Load

jobs. This implies workflow requirements to be established on
a fine- or coarse-grained provenance level for troubleshooting
[12]. Addressing data quality issues should support in reaching
completeness, accuracy, and timeliness of the data and creates
trust in it. However, heterogeneous data sources, dynamic
infrastructures, data exchange across boundaries, and lack of
standards for quality measures characterize the current state of
electronic health record data sets [13]. Contrarily, provenance
information strengthens the credibility of the data and proves
that data have not been intentionally or unintentionally changed
in its life cycle [14]. The concept and implementation of
provenance is essential in most scientific domains such as
environmental fields (geoprocessing workflows or climate
assessments), in fusion engineering, or material sciences [15,16].
Since the use of machine learning techniques within the scope
of decision support is becoming increasingly popular for medical
researchers, they are under the obligation to prove their
reproducibility [17]. Therefore, systematic knowledge about
the “what happened” and about reproducibility metrics such as
data sets and code accessibility is indispensable and is in need
of further investigation to provide provenance [18].

The aim of this scoping review is to investigate existing
evidence regarding approaches and criteria for provenance
tracking as well as disclosing current knowledge gaps in the
biomedical domain. This comprises modeling aspects as well
as metadata frameworks for meaningful and usable provenance
information during creation, collection, and processing of
(sensitive) scientific biomedical data. The review also covers
the examination of quality aspects of provenance criteria.

Methods

Design
The individual elements from the framework of Arksey and
O’Malley [19] will be used as a roadmap for this scoping review.
Essential methodological steps will cover the stages (1)
identification of the research questions, (2) identification of
relevant studies, (3) study selection, (4) data extraction and
charting, and (5) collating, summarizing, and reporting the
results. Any subsequent deviations of the final report from the
scoping review protocol will be clearly highlighted and
explained in the scoping review report.

Ethics
Ethical approval was not required because only literature will
be evaluated without processing sensitive patient data.

Stage 1: Identification of the Research Questions
At first, an informal prescreening of relevant literature in
PubMed and Web of Science as well as grey literature from
conferences or organizations was carried out to determine the
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keywords in scope. Relevant literature was identified with the
support of a librarian. PubMed was searched using the keywords
“provenance” and “tracking.” The reviewer team explored,
studied, and scrutinized additional literature based on search
combinations of terms linked to the topic “provenance.” Ten
publications were selected and reviewed by the team in an
iterative process to guide the implementation of the research
questions. During this step, keywords from titles and abstracts
were gathered and analyzed by implementing the search strategy
based on them. The following research questions were generated
to meet the objective of this scoping review before study
conduction: to investigate existing evidence regarding
approaches and criteria for provenance tracking as well as
disclosing current knowledge gaps in the biomedical domain.
This review covers modeling aspects as well as metadata
frameworks for meaningful and usable provenance information
during creation, collection, and processing of (sensitive)
scientific biomedical data. This review also covers the
examination of quality aspects of provenance criteria.

Research question 1: Which potential (methodological)
approaches exist for the classification and tracking of
provenance criteria and methods in a biomedical or
domain-independent context?

Research question 2: How can the potential value of provenance
information be harnessed and by whom? How can usability be
provided?

Research question 3: What are the challenges and potential
problems or bottlenecks for the accomplishment of provenance?

Research question 4: Which guidelines or demands for the
consideration of provenance criteria in a biomedical or
domain-independent context have to be followed?

Research question 5: How completely can provenance be
mapped in the data lifecycle or during data management?

Stage 2: Identification of Relevant Studies
Relevant publications will be retrieved using concepts together
with their associated keywords as selected from “Stage 1:
Identification of the research questions.” Concepts are
categorized into 4 groups: target domain, provenance,
provenance properties, and objective. Target domain refers to
the context of the research topic and includes studies with a
biomedical, health care, clinical, or scientific background.
Scientific background is limited to domain-independent studies
and excludes all other domain-specific studies. The concept
“provenance” concerns the information about the genesis of a
given object while the concept “provenance properties” covers
specific requirements tied to the term “provenance” or describes
selected characteristics in this context. The concept “objective”
embraces the range of purpose or the intention of provenance.
Table 1 provides an overview of the eligibility criteria derived
from the categorization of the concepts together with the defined
terms and their matching keywords.

Table 1. Concepts and matching keywords (eligibility criteria).

Matching keywords (inclusion criteria)Concepts

biomed*a, EHR, electronic health record, healthcare, clinical, scientificbTarget domain

provenance, prov, lineageProvenance

interop*, (data NEAR/2 [flow, quality, transformation]), metadata, workflow, semantic, framework, annotat*, ontolog*,
management, document*, (model NEAR/2 provenance)

Provenance properties

audit*, decision support, ETL, Extract-Transform-Load, FHIR, record linking, machine learning, reproducib*, transparen*,
track*, implement*

Objective

aThe * symbol (wildcard character) replaces or represents one or more characters.
bWill be used in a domain-independent context only.

A comprehensive search strategy for identifying the relevant
literature, based on the given table, was implemented in PubMed
and Web of Science. Medical subject headings were applied in
PubMed. Additionally, the Boolean operators AND OR were
used within the search strategy for combining the individual
concepts and their associated keywords.

The inclusion criteria comprised all papers in the English
language and published between January 1, 2006 and March
23, 2021. The concepts and their related keywords, as shown
in Table 1, are considered during the selection of the papers
within the biomedical or domain-independent area. The start
date for inclusion of literature was chosen owing to the initiation
of the Open Provenance Model in 2006 as a result of the
Provenance Challenge series [20]. Grey literature from relevant
project reports and proceedings were searched and reviewed
for eligibility. All search results were exported to a reference
management tool to eliminate duplications. Unique results were
exported to the web-based screening tool Rayyan (Qatar

Computing Research Institute) [21]. The PRISMA-ScR
(Preferred Reporting Items for Systematic reviews and
Meta-analyses extension for Scoping Reviews) will be used for
reporting of this scoping review [22].

Stage 3: Study Selection
During the scoping review process, decisions to select or
eliminate studies are tracked using Rayyan. That way,
independent screening by the reviewers is enabled. Rayyan
allows citation sharing and blinded comparison of decisions for
inclusion and exclusion of selected studies. All imported
publications will be screened by reading the title and abstract
by all 4 reviewers. Title-abstract screening is the process of
reviewing the references for inclusion based solely upon their
title and abstract. Reviewers will screen out irrelevant references
whereby the inclusion and exclusion criteria serve as the basis
for their eligibility decision. Conflicts will be resolved since at
least 3 unified classifications are necessary for inclusion or
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exclusion of a publication in an unblinded modus. The included
(=eligible) publications will be examined in a full-text screening
phase to determine the extent to which they can answer the
research questions. Each publication must be read by 2
researchers to determine the relevance to the research questions.
If there is no joint agreement, an independent researcher will
be consulted. A description and a PRISMA flow chart of the
selection process with frequencies for references considered in
the different databases will be provided as well as counting in
the subsequent title-abstract screening process based on the
eligibility criteria.

Stage 4: Data Extraction and Charting
The data collection process will be documented by the reviewers
while using the collectively developed template as provided in
Table 2. The approach to data extraction needs to be consistent
with the research question and purpose. This charting form will
be pretested and will be used after closed alignment between
the reviewers. “Pretested” means that 2 reviewers will
independently complete the template for 5 studies ahead of the
main study. They will compare the result with regard to a
consistent approach and agree on necessary updates in the
template, if necessary. Reviewers will diligently extract and
update the study data from the identified papers in scope during
their full-text review in an iterative process.

Table 2. Data charting template for key information from eligible papers.

Characteristic extraction and specificationMetadata publication

TitleTitlea

Author (1st), journal, DOICitation detailsa

For example, YYYYYear of publicationa

Journal or website or conference, etcPublication typea

Use case or development or evaluationStudy typea

For example, AustraliaContinent of study

Contributing institute (corresponding author or—if not provided—1st author)Institutea

For example, data architectCorresponding author’s discipline

Public or industry or none or missingFunding source

Aim of the publicationObjectivea

Strategies, processes, or techniques utilized in the collection or analyzing of data, how is
the validity of the study judged

Methods

Short description of resultsSummary resultsa

Short description of conclusionConclusion

Name specific domain or domain independentTarget domaina

List keywords from abstractKeywords

Characteristic extraction and specificationMetadata to key findings related to research questions

Provide description in the domain for data suitability or data availability and other require-
ments or factors on data or systems regarding the trace of the data history (eg, role of
provenance in terms of domain standards, ie, interoperability standards, FAIR [findable-ac-
cessible-interoperable-reusable] data, relation to metadata and model use, representation
formalisms, etc), check definition of provenance

Research question 1: Approaches for classification and
tracking of provenance criteria and methods in
biomedical or domain-independent context

Provide possible use case description and types of data sources included, usability including
effect on target domain and by whom it can be used and who will be the stakeholders;

problems, if provenance is not available

Research question 2: Potential value of provenance in-
formation

Describe any challenges (eg, legal, organizational, or technical conditions) or problems that
occurred during implementation phase of provenance

Research question 3: Potential problems or bottlenecks
for the accomplishment of provenance

Describe any valid domain standard requirement, for example, legal, guidelines, rulesResearch question 4: Guidelines or demands for the
consideration of provenance to be adhered to

Describe any measurement or outcome available for completeness of provenance informationResearch question 5: Completeness of provenance infor-
mation during data management process or data life
cycle

aObligatory input.
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Stage 5: Collating, Summarizing, and Reporting the
Results
The charting results from stage 4 will be presented in the
following steps [19]. Analysis will be given by a qualitative
evaluation and by summary statistics, charts, or equivalent
appraisal. The reporting of the results and outcome will be
aligned to the research questions. The meaning of the findings
and their relation to the overall objectives will be discussed.
Implications for future research, practice, and policy will be
outlined. The reporting of the results will be aligned with the
PRISMA-ScR reporting guidelines [22].

Results

Schedule
The scoping review started with a tentative search of the
databases in PubMed and Web of Science in early 2021 (see
stages 1-3) and resulted in 469 matches. These papers will be
subjected to title-abstract screening in an interactive selection
process for eligibility, followed by a full-text screening stage.
These papers will be examined within an iterative selection
process for inclusion into data charting (see stage 4). Data
extraction will be finalized during the 4th quarter of 2021. The
scoping review will be completed by summarizing and
synthesizing the results by February 2022 (see stage 5).

Anticipated Outcomes
The scoping review will identify potentially relevant initiatives
on provenance, and it will provide an overview of the evidence,
gaps, and limitations for provenance criteria. All the evidence
will be elaborated on the basis of the research questions. As

such, the review can serve as preparatory work for achieving a
comprehensive usable result on approaches and criteria for
provenance. Based on the review results, the quality of the
provenance criteria will be examined for a potential demarcation
regarding minimum requirements for structuredness and
completeness of provenance. We believe that this investigation
supports provenance research with respect to the implementation
of provenance in secondary use projects such as the German
Medical Informatics Initiative. Within the Medical Informatics
in Research and Care in University Medicine consortium, as
part of the Medical Informatics Initiative, provenance has an
important meaning to bioinformaticians and researchers [23].

Discussion

Implications for future work will be derived from the current
status of research activities and their underlying concepts. We
anticipate that implications will encompass conceptual and
modeling approaches up to the generation of provenance-aware
data as well as gaps in the current practices within the health
care domain. We believe that our results will support the further
development of guidelines, thereby overcoming the identified
challenges and disclosing new opportunities for the classification
and tracking of provenance criteria. Evidence will assist in
recognizing and defining the preconditions for data sharing. It
will further characterize data suitability and categories (eg, data
governance, relevance, quality) at a fitness for purpose level in
the health domain, considering the interests of different
stakeholders. Finally, the scoping review will provide insights
into whether a further assessment of the results is useful within
a full systematic review.
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Abstract

Background: Enamel renal syndrome (ERS) (OMIM 204690) is a rare autosomal recessive disorder characterized by hypoplastic
amelogenesis imperfecta, failed tooth eruption, intrapulpal calcifications, gingival enlargement, and nephrocalcinosis. The rarity
of the condition and the variability of the phenotype has led to ERS not being fully characterized.

Objective: This scoping review aims to account for the range and current state of knowledge on ERS and synthesize these
findings into a comprehensive summary, focusing on the pathophysiology, genotype-phenotype correlations, and patient management
from a dental perspective.

Methods: The authors will conduct a systematic search of PubMed (MEDLINE), BioMed Central, EbscoHost Web, Web of
Science, and WorldCat. We will include all studies with human participants with a confirmed diagnosis of ERS. Articles will be
screened in two stages (ie, initially by title and abstract screening and then full-text screening by two independent reviewers).
Data extraction will be conducted using a customized electronic data extraction form. We will provide a narrative synthesis of
the findings from the included studies. We will structure the results according to themes.

Results: This protocol is registered with the Open Science Framework. The electronic search was conducted in July 2020 and
updated in April 2021. The research findings will be published in an open access journal.

Conclusions: Dentists should be able to identify patients with clinical features of ERS so that they receive appropriate referrals
for renal evaluation, genetic counseling, and oral rehabilitation to increase the patient’s quality of life. A scoping review is the
most appropriate method to conduct this comprehensive exploration of the current evidence, which may be sparse due to the
rarity of the condition. It will also enable us to identify gaps in the research.

Trial Registration: Open Science Framework; https://osf.io/cghsa

International Registered Report Identifier (IRRID): DERR1-10.2196/29702

(JMIR Res Protoc 2021;10(11):e29702)   doi:10.2196/29702

KEYWORDS

enamel renal syndrome; amelogenesis imperfecta; gingival fibromatosis; FAM20A gene; nephrocalcinosis; dentistry; failed tooth
eruption; scoping review; dentist; renal evaluation; oral rehabilitation; quality of life; rare conditions; pathophysiology; dental
perspective

Introduction

Enamel renal syndrome (ERS) (OMIM 204690) is a rare
autosomal recessive disorder characterized by hypoplastic
amelogenesis imperfecta (AI), failed tooth eruption, intrapulpal
calcifications, gingival enlargement, and nephrocalcinosis [1].

In 1972, MacGibbon [2] described a condition presenting with
renal dysfunction and enamel hypoplasia in several members
of the same family. Although there has been an increasing
number of publications about ERS in recent years, the rarity of
the condition and the variability of the phenotype has led to
ERS not being fully characterized.
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Several phenotypes have been identified under various terms,
including AI syndrome, AI with interradicular dentine dysplasia,
AI with odontogenic fibroma-like hamartomas around
nonerupted teeth, AI with gingival fibromatosis [3], MacGibbon
syndrome, and Lubinsky-MacGibbon syndrome [4]. The lack
of strict diagnostic criteria has led to patient’s renal status being
overlooked within those phenotypes, along with underestimation
of the actual disease prevalence [3]. This rare genetic entity
accounts for less than 1 in 100,000 individuals of the global
population, with only 70 cases in 50 different families being
documented at present [5].

Recently, high throughput genetic technologies such as whole
exome sequencing, next generation sequencing, and
bioinformatics analysis implicated mutations in FAM20A
(FAMily with sequence similarity 20A) as the defective gene
in ‘‘Amelogenesis Imperfecta and Gingival Fibromatosis
Syndrome’’ (AIGFS; OMIM 614253). A comprehensive review
of AIGFS’s clinical aspect delineated a similar distinctive oral
phenotype to ERS [6]. It is believed that both syndromes reflect
different phenotypes of the same disease with frequent renal
dysfunction association in ERS [3]. More than 40 homozygous
or combined heterozygous FAM20A mutations have been
identified in families (Human Gene Mutation Database). The
protein encoded by the FAM20A gene is secreted by
ameloblasts, odontoblasts, gingival, and dental pulp cells,
reflecting an important role during enamel development and
gingival homeostasis [1,7].

Generally, patients with ERS seek dental management, as the
initial chief complaint relates to the lack of enamel and failure
of permanent tooth eruption at a young age [6]. A review by de
la Dure-Molla and colleagues [3] suggested a distinctive
pathognomonic oral profile for patients with ERS (Textbox 1).

In addition to the “common profile” of ERS, several atypical
features have been reported in the literature. Pêgo et al [8]
reported an association of hypertrichosis and hearing loss in
two patients with ERS. Hearing loss is a common feature of
Raine syndrome (OMIM 259775), a syndrome caused by
FAM20C mutation. This may explain the presence of such a
feature in ERS [8]. A few characteristics that are considered
atypical manifestations in individuals with ERS have been
documented in a study conducted by Dourado et al [1]. These
were malocclusion, periodontal disease, supraincisive diastema,
and intellectual disability. One study documented a case in
which all the permanent teeth had erupted, which is considered
highly atypical of ERS [5].

It is clear from the growing list of atypical features of ERS that
there is still much that is not known and poorly understood
about ERS. This scoping review aims to account for the range
and current state of knowledge on ERS. These findings will be
synthesized into a comprehensive summary, focusing on the
pathophysiology, genotype-phenotype correlations, and patient
management from a dental perspective. The authors also aim
to elucidate research gaps to inform future research and provide
a useful summary for clinicians treating patients with ERS.

Textbox 1. Common oro-dental features of Enamel Renal Syndrome (ERS) according to de la Dure Molla et al [3].

Common oro-dental features of ERS

• Generalized thin hypoplastic or absent enamel

• Primary and permanent teeth affected

• Flat cusps on posterior teeth

• Relative microdontia and spaced teeth

• Intrapulpal calcifications

• Delayed tooth eruption

• Impacted posterior teeth with hyperplastic follicle (hamartoma-like) and altered eruption pathway

• Root dilacerations of impacted teeth

• Gingival fibromatosis (variable severity)

• Gingival and dental follicle ectopic calcification on biopsies

• Semilunar shape of central incisor edge

• Crown resorption of nonerupted teeth

• Anterior open bite

• Root hypercementosis and interradicular dentine dysplasia

• Supernumerary teeth

Methods

We will undertake this scoping review following the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analysis Extension for Scoping Reviews)

guidelines [9]. This study is registered with the Open Science
Framework (OSF) [10].
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Research Questions
The primary research question is “what is known from the
existing literature about the oro-dental features of ERS?” The
research subquestions are as follows:

• Which methods are used to diagnose ERS?
• What are the clinical and radiographic finding in patients

with ERS?
• What are the oral histological findings in patients with ERS?
• What phenotype-genotype correlations have been

established?
• What guidelines exist for dentists and dental specialists

managing patients with ERS?

• What gaps in the literature exist regarding ERS from the
dentist’s perspective?

Information Sources and Search Strategy
The authors will perform a search of the following online
databases: PubMed (MEDLINE), BioMed Central, EbscoHost
Web, Web of Science, and WorldCat. Additional studies will
be sought using the reference lists of included studies and
searching Google Scholar. An example of the search strategy
is presented in Table 1. The search will be tailored to each
database. The search will be limited to title and abstracts to find
studies focused on ERS. No other limiters will be used in the
search. References will be managed in Zotero reference manager
software (Corporation for Digital Scholarship).

Table 1. Example of search strategy to be used in this study (PubMed, Medline; July 23, 2020; limits: none).

Result, nSearchNo.

52enamel renal syndrome[Title/Abstract] OR FAM20A[Title/Abstract]1

19((ENAMEL-RENAL-GINGIVAL SYNDROME[Title/Abstract]) OR (AMELOGENESIS IMPERFECTA, HYPOPLASTIC,
WITH NEPHROCALCINOSIS[Title/Abstract])) OR (AMELOGENESIS IMPERFECTA[Title/Abstract] AND GINGIVAL
FIBROMATOSIS SYNDROME[Title/Abstract])

2

1amelogenesis imperfecta type IG[Title/Abstract]3

60#1 OR #2 OR #34

Inclusion Criteria
This scoping review will include all research related to our
objectives. All primary studies will be included, and review
articles will be used for hand-searching of reference lists. No
restrictions will be placed on the time frame, language, or gray
literature. The population of interest will be limited to human
participants (of any age) with a confirmed molecular or clinical
diagnosis of ERS. ERS (OMIM 204690) is also known as AI
type IG or AI1G, enamel-renal gingival syndrome, AIGFS, and
AI with nephrocalcinosis. ERS is caused by homozygous or
compound heterozygous mutation in the FAM20A gene (gene
number 611062) on chromosome 17q24. The oral clinical
features of ERS are considered to be pathognomonic [3]; thus,
a clinical diagnosis is considered acceptable for inclusion.

Study Selection
Articles will be screened in two stages (ie, initially by title and
abstract screening, and then full-text screening by two
independent reviewers, authors SK and IAR). Any failure of
consensus will be resolved by a senior third party (author MC).
The degree of agreement between reviewers for each of these
steps will be quantified with a kappa statistic with a 95% CI.

Data Items and Extraction
Data extraction will be conducted by each reviewer
independently (IAR and SK). An electronic data extraction form
will be custom-made for this review, piloted, and amended as
required. The data collection form will include the fields in
Textbox 2.
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Textbox 2. Data extraction fields.

Study information

• Author(s), title, year of publication, journal

• Study setting

• Study design

Study population

• Sample size

• Baseline characteristics, demographics

• Any additional abnormalities or medical conditions

• Any therapies that the patients might have received

Enamel renal syndrome (ERS)

• Method of diagnosis

• Family history of the condition

• Genetic variation

Outcome

• Prevalence of ERS

• Molecular findings

• Clinical findings (intraoral, extraoral, hematological and other biomarkers, nephrological, other findings)

• Radiographic findings

• Transcriptomic findings of oral tissues

• Dental ultrastructural findings

• Any additional findings

Synthesis of Results
We will provide a narrative synthesis of the findings from the
included studies. We will structure the results according to
themes in the following manner to provide a coherent summary
of findings: characteristics of included studies (location, study
design), baseline characteristics of the participants/population
(eg, age and sex), the prevalence of ERS, methods of diagnosis,
clinical findings (oral and extraoral), radiographic findings,
histological findings, nephrological findings, atypical findings,
biomarkers, genotype-phenotype correlation, atypical/novel
findings, and additional findings.

Results

There was no patient participation in this study. This protocol
was completed in July 2020 and registered in OSF [10] in
August 2020. The electronic search for literature was undertaken
in July 2020 and updated in April 2021. The first search yielded
122 titles. This study is intended for open access publication
for wide dissemination of the findings.

Discussion

This scoping review aims to determine the current state of
knowledge on ERS and synthesize these findings into a
comprehensive summary, focusing on the pathophysiology,

genotype-phenotype correlations, and patient management from
a dental perspective. We also aim to identify research gaps to
inform future research and provide a useful summary for
clinicians treating patients with ERS.

ERS is a rare disorder and not much awareness exists around
the condition, even within the dental fraternity [11]. Conversely,
AI is a relatively common disorder of enamel formation
encountered by dentists and often occurs as an isolated trait or
part of a syndrome [1]. Because dentists are often the first point
of call for these patients, it is important that the dentist is able
to identify patients with ERS and differentiate it from AI so that
they receive appropriate referrals for renal evaluations and
genetic counselling [5]. It is also important to provide the patient
with oral rehabilitation to increase the patient’s quality of life,
which can be severely impaired by this condition [5]. Primary
failure of eruption is difficult to manage, and there is no current
literature about assisted eruption with orthodontic traction in
patients with ERS [11]. It does appear that the normal eruptive
process of teeth is altered leading to impaction and ankylosis
[11]. Progressive embedding of the teeth has also been reported
[4]. Therefore, orthodontic treatment may be unpredictable.
Current management involves surgical interventions and the
placement of a fixed or removable dental prosthesis [12,13].
There is a need for guidelines on the dental management of
patients with ERS and the development of referral protocols.
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Identifying patients with ERS may not be as straightforward as
it was previously believed to be. According to de la Dure-Molla
et al [3], the oral features of ERS described in Table 1 are
considered pathognomonic. However, more recent studies have
found significant variability in phenotypes including identifying
a patient with a pathogenic variant of the FAM20A gene and a
full complement of erupted permanent teeth [5]. Therefore, a

review is needed to consolidate this growing body of evidence
and present it in a manner that is practical for the dental
clinician. We believe that a scoping review is the most
appropriate method to conduct a comprehensive exploration of
the current evidence, which may be sparse due to the rarity of
the condition. It will also enable us to identify gaps in the
research.
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