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Optimizing the Periconception Lifestyle of Women With Overweight
Using a Blended Personalized Care Intervention Combining
eHealth and Face-to-face Counseling (eFUSE): Protocol for a
Randomized Controlled Trial
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Abstract

Background: Maternal overweight has a substantial impact on reproductive, maternal, pregnancy, and neonatal outcomes with
long-term and transgenerational health consequences. Interventions that aim to optimize periconception maternal lifestyle can
improve maternal and fetal health during pregnancy and throughout the life course. However, it remains difficult to change and
adopt adequate lifestyle behaviors. We hypothesize that additional psychological therapy targeting cognitive and affective factors
substantially contribute to the effectiveness of these interventions.

Objective: The proposed study aims to examine the feasibility and effectiveness of a blended personalized periconception
lifestyle care intervention with additional psychological therapy aimed at women with a BMI≥25 and who are contemplating
pregnancy or are already pregnant (≤12 weeks) in reducing inadequate lifestyle behaviors and improving early and late pregnancy
outcome.

Methods: The eHealth and Face-to-face Counseling (eFUSE) study follows a single-center two-arm randomized controlled
trial design at the Erasmus MC, University Medical Center, with a multicenter regional referral. The female patients with overweight
(BMI≥25), together with their male partner, will be stratified by pregnancy status (preconception vs pregnant) and randomized
to receive either the blended personalized periconception lifestyle care intervention with additional psychological therapy (n=313)
or usual care (n=313). The primary outcome is a change in the lifestyle risk score (between baseline and 24 weeks) between the
randomization arms (difference in differences). Secondary outcomes include measurements defined as most relevant by the
International Consortium for Health Outcomes Measurement, including behavioral determinants, patient satisfaction, provider
feasibility, and maternal pregnancy and neonatal complications.

Results: The study will be open for recruitment from Fall 2021 onward. Data collection is expected to be completed by the
beginning of 2023, and the results are expected to be published by Fall 2023.

Conclusions: This study will evaluate the feasibility and effectiveness of a blended periconception lifestyle intervention with
additional psychological therapy, aimed at women with a BMI≥25. Positive results of this innovative care approach will be used
for implementation in routine medical care of all women with overweight, with the ultimate aim to improve clinical outcomes of
these high-risk pregnancies.

Trial Registration: Netherlands Trial Register NL9264; https://www.trialregister.nl/trial/9264

International Registered Report Identifier (IRRID): PRR1-10.2196/28600

(JMIR Res Protoc 2021;10(9):e28600)   doi:10.2196/28600
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Introduction

Overweight is still a pressing health issue in the general
population. During the reproductive period, maternal overweight
has a significant impact on fertility, pregnancy, and neonatal
outcome with long-term and transgenerational health
consequences [1,2]. All these complications have been reported
to increase health care use and medical expenditures [3].

Lifestyle interventions that target poor periconception maternal
lifestyle behaviors have the potential to improve the chances of
pregnancy and uncomplicated outcome. From 2006, we
developed and tested the eHealth lifestyle coaching program
Smarter Pregnancy in a large survey and randomized controlled
trials (RCTs), including a general population cohort and a
subfertile cohort of couples receiving either in vitro fertilization
or intracytoplasmic sperm injection [4,5]. These studies
demonstrated that Smarter Pregnancy is an effective, and
cost-effective intervention [6]. At the same time, a
periconception lifestyle counseling clinic Healthy Pregnancy
and a comparable blended care clinic including the combination
of face-to-face counseling and the eHealth coaching program
Smarter Pregnancy was developed and evaluated [7,8]. The
latter approach showed a high compliance rate; participants
increased vegetable, fruit, and folic acid supplement intake; and
lowered alcohol and tobacco use [8]. However, the effectiveness
in women with overweight is still limited. Over the years,
several other lifestyle interventions for pregnant or prepregnant
women with overweight have been tested, but most interventions
fail to reach clinically meaningful results [9].

Negative cognitive and affective factors, low self-efficacy, and
food cravings are strongly associated with poor lifestyle
behavior [10]. These factors can effectively be targeted by
psychological therapies such as cognitive behavioral therapy,
mindfulness, and acceptance and commitment therapy [11].
Psychological therapies provide skills to improve individual
women’s ability to self-monitor their diet, learn impulse control
techniques and behavioral modification strategies such as
chewing slowly and taking time to enjoy food [11,12].
Especially for women with overweight and even obesity,
psychological therapies are proven to be effective treatment
modalities for targeting poor lifestyle behaviors [12-14].
However, to the best of our knowledge, face-to-face counseling
and an eHealth program have never been combined with
psychological therapies to reach the full potential of a
periconception lifestyle intervention for women with overweight
and their partner.

Therefore, we are initiating an RCT to study whether a blended
personalized periconception lifestyle care intervention with
supporting psychological therapy aimed at women with
overweight or obesity who are contemplating pregnancy or are
already pregnant (≤12 weeks) can significantly change and
maintain adequate lifestyle behaviors.

Methods

Overview
The eHealth and Face-to-face Counseling (eFUSE) study follows
a two-arm RCT design in a tertiary health care center, with
multicenter regional referral, which is embedded in the
Rotterdam periconception cohort (Predict study) [15]. The
Predict study is an ongoing prospective tertiary hospital-based
cohort embedded in the outpatient clinic of the Department of
Obstetrics and Gynecology of the Erasmus MC, University
Medical Center Rotterdam, the Netherlands. Patients included

in the Predict study with overweight (BMI≥25 kg/m2) are
eligible for inclusion in the eFUSE study. Patients included in
the eFUSE study will be stratified by pregnancy status
(preconception vs pregnant) and randomized to receive either
blended personalized periconception lifestyle care with
additional psychological therapy or usual care.

Objective
The aim of this trial is to study if a blended personalized
periconception lifestyle care approach aimed at women with a
BMI≥25 who are contemplating pregnancy or already pregnant
(≤12 weeks) can significantly reduce the lifestyle risk score
(LRS).

Participants
Patient couples, of whom the woman has a BMI≥25, are invited
to participate in this RCT during their first visit to the outpatient
antenatal clinic of the Erasmus MC, University Medical Center
Rotterdam, Rotterdam, the Netherlands or one of the secondary
hospitals, after which they will be referred and counseled for
study participation. The first visit can either be a preconception
consultation or the first antenatal session (≤12 weeks of
gestation). Patient couples will be screened for eligibility by
their physician when the woman is in reproductive age (18-45
years), is contemplating pregnancy or is pregnant (≤12 weeks),
visits the outpatient antenatal clinic, and has overweight
(BMI≥25). Exclusion criteria are multiple pregnancy, history
of bariatric surgery, insufficient knowledge of Dutch language,
fetal anomalies, or inability to provide informed consent.
Women can be included as a single participant if the partner
does not participate. When participating, the partner will attend
the first face-to-face lifestyle counseling session and will have
access to the online lifestyle coaching platform Smarter
Pregnancy.

Intervention
Our blended personalized periconception lifestyle care
intervention with additional psychological therapy consists of:

• Three face-to-face lifestyle counseling sessions, provided
by trained eFUSE counselors, as previously practiced in
the proven effective outpatient antenatal clinic Healthy
Pregnancy [7]. Both the counseling service and the eHealth
platform are based on behavioral change theories [16-18]
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and best practices obtained from stakeholders in the field
[7,19,20]. Psychological techniques such as motivational
interviewing, elements of cognitive behavioral therapy,
acceptance and commitment therapy, and mindfulness will
be used to support the patient couples toward a significant
and sustainable lifestyle change [21,22]. All aspects offered
in the blended care intervention are personalized to the
individual patient couple, based on the results of the risk
assessment and lifestyle questionnaires filled out on the
eHealth platform at the first visit.

• The periconception eHealth lifestyle coaching platform
Smarter Pregnancy, providing personalized lifestyle risk
assessment and coaching via the evidence-based eHealth
intervention (www.slimmerzwanger.nl or
www.smarterpregnancy.co.uk) [4,5]. Additionally, all
participants will be encouraged to download and frequently
use the mobile app Headspace, which provides guided
meditation resources online [23].

Women allocated to the intervention arm will also be provided
with standard care and routine antenatal visits according to local
and Dutch guidelines [24].

First Counseling Session
The first counseling session takes place in week 1 of the blended
personalized periconception lifestyle care intervention and will
be attended by both the woman and male partner. The aim of
the first counseling is twofold: first, to raise awareness on the
personal lifestyle-associated risk factors for fertility and
pregnancy and, second, to facilitate the ongoing provision of
tailored lifestyle counseling. In the first session, together with
the counselor, participants will be asked to formulate up to three
lifestyle behavior goals and develop a plan to reach these goals
(identifying thresholds and positive incentives).

Second and Third Counseling Sessions
As part of the Smarter Pregnancy coaching program, every 6
weeks a digital questionnaire on lifestyle behaviors will be filled
out by the participants. During the second (in weeks 4-6 of the
blended personalized periconception lifestyle care intervention)
and the third counseling sessions (in weeks 16-18 of the blended
personalized periconception lifestyle care intervention), results
of the questionnaire will be discussed, personal lifestyle goals
will be reviewed, progress of lifestyle change will be discussed,
and motivational interviewing will be used to support further
(sustainment of) behavior change. We expect that the effects of
the face-to-face and eHealth components will reinforce each
other. The second and third counseling sessions are only
mandatory for the woman and her partner is welcome to attend.

During the second and third counseling sessions at the outpatient
clinic Healthy Pregnancy, a functional analysis of behavior will
be carried out using a situation-organism-reaction-consequences
scheme, relaxation techniques will be educated, the automatic
thoughts worksheet will be filled out, and the five-factor model
will be discussed (Multimedia Appendices 1-3) [25-27]. These
components of cognitive behavioral therapy, acceptance and
commitment therapy, and mindfulness will teach the women
and their partner skills to achieve and maintain long-term
lifestyle change.

After the third, which is also the final lifestyle counseling
session, participants will be informed that they can continue to
use the eHealth platform until week 24 of the blended
personalized periconception lifestyle care intervention.
Participants are also informed about the possibilities to continue
lifestyle counseling and support after the study period ends,
which will be their own responsibility. An overview of
counseling sessions and the goals and techniques used is
depicted in Figure 1.

Figure 1. Overview of counseling sessions. SORC: situation-organism-reaction-consequences.

Usual Care
Women with BMI≥25 allocated to the control group will be
provided with standard care, which consists of one standard
face-to-face lifestyle counseling session at the outpatient clinic

Healthy Pregnancy, access to the online coaching program
Smarter Pregnancy, and routine antenatal visits according to
local and Dutch guidelines (NVOG protocol).
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Trial Flow The trial flow is visualized in Figure 2.

Figure 2. Trial flow of the eHealth and Face-to-face Counseling study.

Outcomes
The main outcome measure is the difference in the change of
the LRS (measured in week 0 and week 24 of the blended
personalized periconception lifestyle care intervention) between
the intervention group and the control group (difference in
differences) [28]. The LRS is a locally developed composite
score of lifestyle behaviors, including vegetable and fruit intake,
folic acid supplement use (only for women), not smoking, and
not consuming alcohol. The vegetable and fruit intake will be
subdivided into risk scores of 0, 1.5, and 3, where 0 represents
an adequate daily intake (≥200 g of vegetables, ≥2 pieces of
fruit). A score of 1.5 represents a nearly adequate intake
(150-200 g of vegetables, 1.5-2 pieces of fruit). A score of 3
represents an inadequate daily intake (<150 g of vegetables,
<1.5 pieces of fruit). Folic acid supplement use is considered
to be adequate (score 0) or inadequate (score 3) when the
recommended dose of 400 μg per day is either met or not. For
male participants, folic acid supplement use will not be taken
into account, since there are no widely supported
recommendations concerning folic acid supplement use for men.
The risk score for smoking will be based on average daily use:
no smoking (score 0) and daily smoking of 1 to 5 (score 1), 6
to 14 (score 3), or ≥15 (score 6) cigarettes. Risk scores for
alcohol consumption will be based on average weekly use: no
alcohol use (score 0) and 1 to 7 (score 1), 8 to 14 (score 2), or
≥15 (score 3) alcoholic beverages (glasses) per week. The LRS
ranges from 0 to 18 for women and 0 to 15 for men, and will
be monitored via online questionnaires in weeks 0, 6, 12, and
24 of the online coaching program and calculated as the sum
of the scores of all lifestyle behaviors.

Secondary outcome measures comprise several questionnaires,
in line with the International Consortium for Health Outcomes
Measurement recommendations [29]:

• Determinants of lifestyle behavior (eg, attitude, action
control, self-efficacy, intention, and motivation) using the
validated Determinants of Lifestyle Behavior Questionnaire
[30], measured at weeks 0, 6, 18, and 24

• Patient satisfaction measured using Six Simple Questions
[31] at weeks 12 and 24

• Provider feasibility using a 5-point Likert scale 6 and 12
months after the start of this study

• Health status measured using the validated EQ-5D
questionnaire [32] at weeks 12, 18, and 24

• Health-related costs: intramural medical costs (hospital
registration), iMCQ [33] (extramural medical costs), and
iPCQ [34] (productivity loss)

• Maternal pregnancy complications (including
pregnancy-induced hypertension, pre-eclampsia, HELLP,
and gestational diabetes) and neonatal outcome (including
birth weight, small for gestational age, large for gestational
age, and preterm birth) retrieved from medical files

Randomization and Allocation
Eligible consenting participants will be randomly assigned either
to the intervention group or control group. The participant
assignment protocol will be based on a ratio of 1:1. We will use
software where randomization will be done by a predefined
scheme for allocation concealment. Stratification will be made
by pregnancy status (preconception vs pregnant), followed by
random allocation of patients. Because of the automatic nature
of the allocation process, direct exposure to the treatment
allocation process by any members of the research team is
eliminated.

Data Collection
Via a lifestyle questionnaire integrated in the online coaching
program Smarter Pregnancy, a baseline screening at week 0 and
follow-up screening at weeks 6, 12, 18, and 24 of the program
will be performed. The follow-up screening will be used to
monitor the change in lifestyle components. The lifestyle
questionnaire will comprise of questions regarding vegetable
and fruit intake, folic acid supplementation use, tobacco use,
and alcohol consumption. Participants will also be asked whether
they have downloaded the Headspace app and how frequently
they have used it. The additional questionnaires, concerning
determinants of lifestyle behavior, patient satisfaction, and
health status, will be sent to study participants.

Sample Size Calculation
The primary outcome of this trial is the change in the LRS
(between baseline and at 24 weeks) between the randomization
arms (difference in differences). Based on an earlier study, we
found that the SD of the change score was 1.99 [4]. We aim for
a difference in change score between the arms of 0.5. To detect
a difference of this size and using a significance level of .05,
we can reach a statistical power of 0.80 when we have 500
women. To allow for a 20% drop out, we will include a total of
626 women, 313 in the intervention arm and 313 women in the
control arm as calculated by a t test. This sample size calculation
is based on a t test using unadjusted data of a survey. The actual
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analysis that will be done in the RCT will be less subjected to
confounding factors due to the study design and analysis.

Data Analysis
A CONSORT flowchart will be built to visualize study and
participant flow in each group (intervention and control
group)[35]. SPSS Statistics for Windows (IBM Corp) and R
for Windows (R Foundation for Statistical Computing) will be
used. Descriptive statistics for baseline values will be calculated,
and comparison between the two groups will be performed by
using an independent sample t test for continuous variables and
a chi-square test for categorical variables. Linear regression
analyses adjusted for baseline characteristics will be carried out
to see whether the LRS differ significantly between the
intervention and the control group. Subgroup analyses will be
performed according to pregnancy status. All analyses will be
done according to the intention-to-treat principles, and a P
value<.05 will be considered statistically significant.

Data Management
All researchers involved in the study will be qualified
physicians, and they will follow a course in which the
organization of clinical studies is taught. According to the
original observation records, researchers will complete the case
report forms in an accurate and timely manner. All documents
will be properly classified, preserved under confidential
conditions, and archived. Statistical analysis of the data will be
carried out on a pseudonymized data set. Only the data manager
will have access to the key file, in which the pseudonymized
data is linked to the personal data.

Safety Monitoring and Reporting
This study will have monitoring for quality and regulatory
compliance and adheres to the Dutch Data Protection Act. The
data being stored will be encrypted. All communication with
the participants will take place within the secure online interface
that requires an electronic identification.

Ethical Approval and Dissemination
The trial will be conducted in accordance with the principles of
the Declaration of Helsinki (2013 version) and will fully comply
with the SPIRIT (Standard Protocol Items: Recommendations
for Interventional Trials) reporting guidelines [36]. This study
was approved by the Committee of Medical Ethics of the
Erasmus Medical Center, Rotterdam (MEC-2020-0113) and
registered in the Dutch Trial Registry (NL9264). Written
informed consent from each participant will be obtained. The
results will be published in peer-reviewed journals to ensure
widespread dissemination.

Results

Inclusion will start from Fall 2021 onward at the Erasmus MC,
University Medical Center, Rotterdam, the Netherlands, while
secondary hospitals can refer patients for inclusion. Data
collection is expected to be completed by the beginning of 2023,
and the results are expected to be published by Fall 2023.

Discussion

Overview and Expectations
The eFUSE study will evaluate an innovative blended lifestyle
care intervention combined with psychological therapy to
improve periconception lifestyle behaviors in women with
overweight using an RCT. The intervention group will be
provided with a blended care approach, including three
face-to-face counseling sessions, and access to the
periconception eHealth lifestyle care platform Smarter
Pregnancy and mobile health app Headspace. In the face-to-face
counseling sessions, motivational interviewing will be used and
components of cognitive behavioral therapy, acceptance and
commitment therapy, and mindfulness will be practiced. The
control group will receive standard care, which comprises of
one face-to-face counseling session and access to the
periconception eHealth lifestyle care platform Smarter
Pregnancy. The addition of components of several psychological
therapies to a proven effective blended care approach is new
and might result in a measure to improve parental lifestyle
behaviors before and during pregnancy. We hypothesize that
the two additional face-to-face counseling sessions, in which
several psychological techniques will be practiced, will support
the participating patient couples toward a significant and more
sustainable lifestyle change. Moreover, we expect that the effects
of the face-to-face sessions and eHealth program reinforce each
other. By choosing a proximal primary outcome measure,
namely, the LRS, we aim to assess the effects directly influenced
by the intervention so that the results can be clearly deduced
from the content of our approach.

Strengths and Limitations
This is the first study that will evaluate a blended periconception
lifestyle intervention with additional psychological therapy
aimed at women with a BMI≥25 in a randomized controlled
design. All aspects offered in the blended care approach are
personalized to the individual patient couple. Furthermore, both
the periconception eHealth lifestyle platform Smarter Pregnancy
and the outpatient clinic Healthy Pregnancy have been proven
effective before [4,5,7,8]. A possible limitation of this study is
that it is hard to unravel which part of this blended
periconception lifestyle intervention with mental health
components affects lifestyle behaviors and which elements
contribute the most.

Conclusion
This study will evaluate a blended periconception lifestyle care
intervention with additional psychological therapy aimed at
women with a BMI≥25 and their partner. If effective at
improving lifestyle behaviors, this approach could be an
important measure for all women with overweight or obesity
with the potential to improve clinical outcomes for these women
who are in the preconception period and are at high risk for
pregnancy complications.
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Abstract

Background: The identification of interconnected health risks during the perinatal period offers an opportunity to prevent
negative maternal and infant health outcomes. Marijuana, opioid, and other substance use during pregnancy is a rapidly growing
public health concern with significant and costly health consequences for the woman and the developing fetus. Pregnant persons
who misuse substances are disproportionately more likely to engage in risky sexual behaviors resulting in sexually transmitted
infections (STIs), which are on the rise in this population and can lead to adverse effects on maternal health and on fetal
development.

Objective: Our goal is to continue testing an innovative and low-cost technology-delivered intervention, the Health Check-Up
for Expectant Moms (HCEM), which simultaneously targets alcohol and drug use and STI risk during pregnancy, both of which
are on the rise during the COVID-19 pandemic.

Methods: We describe the ways in which we have adapted the web-based HCEM intervention to continue recruitment and
study enrollment during the pandemic.

Results: Study recruitment, visits, and participant safety assessments were all successfully modified during the initial year of
the COVID-19 pandemic. Compared to in-person recruitment that occurred prepandemic, remote recruitment yielded a greater
proportion of women enrolled in the study (83/136, 61.0% vs 43/52, 83%) in a shorter period (12 months vs 7 months).

Conclusions: Despite study challenges related to the pandemic, including time and effort adapting to a remote protocol, remote
recruitment and visits for this study were found to constitute a successful approach.

Trial Registration: ClinicalTrials.gov NCT03826342; https://clinicaltrials.gov/ct2/show/NCT03826342

International Registered Report Identifier (IRRID): DERR1-10.2196/30367

(JMIR Res Protoc 2021;10(9):e30367)   doi:10.2196/30367

KEYWORDS

COVID-19; pregnancy; COVID-19 pandemic; alcohol use; drug use; sexually transmitted infections; technology-delivered
interventions
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Introduction

Overview
Alcohol, marijuana, opioid, and other substance use during
pregnancy is a rapidly growing public health concern with
significant and costly health consequences for the woman and
developing fetus [1]. Women who misuse substances are
disproportionately more likely to engage in risky sexual
behaviors that can result in sexually transmitted infections
(STIs). Pregnant persons are a scientifically complex group as
national STI prevalence rates are on the rise among this
population, leading to adverse effects on maternal health and
on fetal development [2].

COVID-19 and Women’s Health
The impact of the COVID-19 pandemic on women’s health has
been significant. Women have reported experiencing more
severe stress than men resulting in greater health impact, and
pregnant women have reported more health-related worry and
high levels of anxiety directly related to the COVID-19
pandemic [3,4]. Pregnant women are particularly impacted by
the pandemic as they are at increased risk for severe illness
compared to nonpregnant women, and they may be at higher
risk for preterm birth [5]. Since the onset of the COVID-19
pandemic, there are numerous reports that women’s alcohol and
other drug use has been rising in the United States. The US
Centers for Disease Control and Prevention reported that
approximately 12% of adult women reported either beginning
or increasing their substance use to cope with pandemic-related
stress [6]. Frequency of binge drinking—for women, defined
as four or more drinks on one occasion—has increased
substantially (over 40%) during this time, and cases of
alcohol-related liver diseases have increased, especially among
young women [7]. Moreover, marijuana use continues to
escalate among pregnant women, with the most commonly cited
reasons for use cited as relief of stress or anxiety, nausea or
vomiting, and pain [8]. Pregnant women with opioid use
disorders have faced unique challenges to care during the
pandemic due to their complex health care needs (eg, clinic
travel to receive medication and stigma) [9].

The co-occurrence of alcohol and substance use and sexual
risk-taking contribute significantly to STI acquisition. With
respect to the impact of the COVID-19 pandemic on sexual
health, STIs were already at record highs before the pandemic
and climbing, especially for childbearing women. Recent reports
(2019) reveal increases from the previous year in the prevalence
of gonorrhea, chlamydia, and syphilis of 5%, 3%, and 14%,
respectively; among women of childbearing age, there was a
36% increase in syphilis cases [2]. Furthermore, there was a
40% increase in congenital syphilis cases, and an alarming 22%
increase in newborn deaths related to congenital syphilis during
the same time period [2]. Access to STI screening and treatment
has been limited during the pandemic due to restrictions [10],
likely leading to continued health consequences among this
group.

The perinatal period has been identified as an urgent time to
address and prevent these co-occurring risks [11], and
technology-delivered interventions are ideally suited given their

low cost and potential reach [12]. We are currently testing an
innovative and low-cost technology-delivered intervention, the
Health Check-Up for Expectant Moms (HCEM) (see study
protocol in Tzilos Wernette et al [13]), which is theoretically
grounded, consistent with motivational interviewing, and
informed by the Information-Motivation-Behavior model,
simultaneously targeting alcohol and drug use risk and risky
sexual behavior during pregnancy. The HCEM is a 60-minute
intervention that is guided by a narrator; provides information,
including short video testimonials, highlighting the bidirectional
relationships among these risk factors; and provides motivational
strategies to enhance behavioral skills, including male and
female condom use. In this paper, we highlight the ways in
which our study team has adapted our research protocol and
study procedures so that we can continue recruitment,
assessment, and intervention remotely during the COVID-19
pandemic. Remote study participation may have potential
advantages for participants, including lessening the burden of
travel time, costs, and inconvenience associated with in-person
visits [14].

Methods

Our study uses a two-group, randomized controlled design with
a baseline session (prior to 22 weeks pregnant), plus two brief
booster sessions within 1 month of study enrollment. We
conduct three follow-up assessments at 2 and 6 months from
baseline, and a postpartum assessment at 6 weeks postpartum.
All sessions are asynchronously delivered via technology using
the Computerized Intervention Authoring Software [15].
Additionally, each session includes the assessment of risk
behaviors (eg, risky sexual behavior and alcohol and drug use)
using the “timeline follow-back” interview method, a
calendar-assisted structured interview [16]. Study recruitment
prior to the pandemic was conducted exclusively in person at
obstetric and primary care clinics. During the pandemic,
recruitment efforts shifted to remote (eg, phone, text messaging,
and online). Study participants include 250 pregnant women,
aged 18 years or older; participants endorse the following risk
factors in order to be eligible for the study: (1) unprotected sex
in the past 30 days in addition to having more than one male
partner in the last 6 months and/or having uncertainty about
current sexual partner’s monogamy and (2) current alcohol and
drug use risk [17,18]. The study protocol was approved by the
University of Michigan Medical Institutional Review Board
(HUM00143896) and registered at ClinicalTrials.gov
(NCT03826342).

Results

Overview
All in-person behavioral research studies university-wide were
paused in March 2020 due to the COVID-19 pandemic. This
impacted our study in three important ways. Primarily, we could
no longer recruit new participants or conduct any study visits,
including assessments and viewing of the intervention or control
conditions. Next, STI testing and biological (eg, hair and urine)
sample collection for the assessment of drug use was suspended
since this was no longer done in person during a perinatal study
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visit. Furthermore, because we were no longer seeing women
in person, we had to modify our guidelines around assessing
for participant safety, including the remote assessment of
suicidality. Finally, the following modifications to our
technology-based intervention and protocol were made in order

to continue during the pandemic. The changes we implemented
are detailed below in Table 1 [19], by category; for each point,
we describe the original protocol followed by modifications (ie,
“current protocol”).
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Table 1. Modifications to the Health Check-Up for Expectant Moms protocol in response to the COVID-19 pandemic.

DetailsStudy aspects and protocols

Study visits

Baseline visits

Baseline visits were conducted in person with research staff via interviews and accessing the CIASa platform using a
study iPad.

Original protocol

Baseline visits were adapted to be completed over the telephone and online through an individualized weblink to the
CIAS platform.

Current protocol

Delivery of follow-up assessments

Delivery of follow-up assessments (2 and 6 months from baseline and 6 weeks postpartum) was conducted in person
with research staff via interviews and accessing the CIAS platform using a study iPad.

Original protocol

Delivery of all follow-up assessments was modified to be completed over the phone and through an individualized
weblink to the CIAS platform.

Current protocol

Collection of biological samples

Collection of biological samples (urine and hair) for drug use assessment was conducted in person at clinic by research
staff.

Original protocol

Collection of biological samples is temporarily suspended.Current protocol

Incentive payments

Incentive payments (US $200 in cash) were made in person at study visits.Original protocol

Incentive payments (US $200) are made via electronic gift card (emailed) or check (mailed).Current protocol

Modified COVID-19 assessmentb

A modified COVID-19 assessment was added to every study visit: the COVID-19 Family Stress Screener [19] was
adapted for our study.

Current protocol

Intervention arm content

Intervention arm content included references to booklet given in person and to the male and female condom demonstrators,
which was part of the in-person intervention.

Original protocol

Intervention arm content was updated to reflect remote nature of visits (eg, no longer refers to booklet given in person
or to male and female condom demonstrators).

Current protocol

Informed consent

Signed informed consent was obtained by research staff in person at the clinic.Original protocol

Informed consent process is conducted over the phone (copy of consent emailed to participants) and the research staff
obtains consent verbally.

Current protocol

Safe sex kits

Safe sex kits (eg, male and female condoms and dental dams) and study booklets were offered to the participants in
person during the intervention study visit.

Original protocol

Safe sex kits and study booklets are mailed to interested intervention participants with their permission.Current protocol

Informational handouts

All informational handouts (intervention and control) and local resources were provided to the participants in person
at study visits.

Original protocol

All informational handouts and list of local resources are emailed, including the study booklet for participants in the
intervention arm.

Current protocol

Provider-ordered sexually transmitted infection (STI) tests

STI test results (urine samples) were collected at our clinic labs at each study visit.Original protocol

New data are collected of all provider-ordered STI tests during participant’s pregnancy and postpartum period (not part
of original protocol, in which we only collected study STI test results).

Current protocol

Recruitment

Potential participants

Potential participants were identified from clinic schedules and approached by research staff in person at clinics.Original protocol
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DetailsStudy aspects and protocols

Potential participants are still identified from clinic schedules, but recruitment resumes remotely via telephone calls,
text messages, and email messages.

Current protocol

Call patientsb

Patients are not called until after their second obstetrics visit to help ensure active pregnancy (modified during COVID-
19 pandemic, given remote procedures).

Current protocol

Interested patients

Interested patients met with research staff to complete the screening survey in person at the clinic using the study iPad.Original protocol

Interested patients are emailed a weblink to complete the screening survey online.Current protocol

Screening consent form

The screening consent form was offered to the patient in person prior to completing the survey questions.Original protocol

The screening consent form appears on the webpage before any survey questions can be viewed.Current protocol

Compensation

All prospective study participants (eligible and ineligible) were physically given a US $5 gift card for their time by the
research staff upon completing the screening survey at the clinic.

Original protocol

All prospective study participants are emailed US $5 electronic gift card for their time upon completing the screening
survey.

Current protocol

Eligible patients

Eligible patients were scheduled for the baseline visit and consented in person at the clinic.Original protocol

Eligible patients are contacted by the research assistant via telephone, where more detailed study information is given;
a copy of the consent form is emailed; and a baseline visit is scheduled for interested patients.

Current protocol

Participant safety, suicide risk assessment, and child abuse and neglect

Modified procedures

We did not include questions explicitly asking about suicide risk or child abuse and neglect. Participants that sponta-
neously indicated any distress from the study were given a list of referral options that included information on how to
contact a social worker within our health system and/or were assessed by clinic social worker in person during the study
visit.

Original protocol

We modified our procedures for suicide risk assessment to reflect remote nature of visits (ie, research staff can no longer
go to clinic social worker with participant to assess severity in person, as was done in the original protocol). We also
modified our protocol for steps to take if our study team becomes aware of child abuse and neglect remotely, including
procedures for how to report.

Current protocol

List of local resources

A list of local resources was provided to all participants at the baseline study visit.Original protocol

An updated list of local resources is emailed and includes online resources (eg, Alcoholics Anonymous and Narcotics
Anonymous remote meetings) during COVID-19 and changes to hours and/or procedures for all other local resources
(eg, food pantries, counseling, and STI testing).

Current protocol

aCIAS: Computerized Intervention Authoring Software.
bThis study aspect only came about as a result of the COVID-19 pandemic and only includes a current protocol.

Participant Recruitment
While the pandemic caused significant initial delays to our study
recruitment, since adapting to remote recruitment, we have
exceeded the total number of patients screened compared to
prepandemic recruitment. Remote recruitment over a 7-month
period, from August 2020 to March 2021, has yielded 1122
contacts, with 305 women being screened. In the previous 12
months, from April 2019 to March 2020, we approached 892
women in the clinics and screened 232 women. Furthermore,
of all women who were screened and were eligible prior to the
pandemic, only 61.0% (83/136) went on to enroll in the study,
whereas during remote recruitment, a greater proportion (43/52,
83%) of women enrolled in the study.

Discussion

Principal Findings
In this paper, we provide an overview of the HCEM intervention
and study methodology. The COVID-19 pandemic has been
disruptive to most facets of life globally, including research
efforts. We highlight the ways in which we successfully adapted
our study protocol to continue recruitment and intervention
efforts with pregnant women during the pandemic. Study
recruitment, visits, and participant safety assessments were all
modified during the initial year of the COVID-19 pandemic.
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Despite the challenges of the pandemic on women’s health and
intervention efforts, there have been silver linings. Clinically,
reduced health care visits and more telehealth visits have had
some positive impacts on pregnant women [20-22]. Across the
country, clinical treatment programs for substance use have
ramped up telehealth utilization, offering care through a mix of
telephone and/or video visits, with limited in-person visits to
reduce COVID-19 exposure risk. This has been particularly
beneficial to perinatal women seeking care for substance use
disorder, including opioid use disorder, with relaxed regulations
around travel to crowded clinics to receive treatment
medications (eg, methadone) and psychotherapy, which help
to overcome known treatment barriers (ie, stigma, health care
access, transportation, and childcare) in this population
[9,20-22]. Our own research has also seen positive impacts as
a result of the COVID-19 pandemic, particularly in terms of
study recruitment. The ability to offer “contact-free” visits
alleviates anxiety surrounding the risks of in-person visits, and
the convenience of being able to take the study screener and
assessments from home seems to have increased interest in
study participation.

Remote recruitment yielded a larger percentage of women
screened in a shorter time frame compared to in-person
recruitment. Furthermore, a large percentage of eligible women
went on to enroll in the study. Study procedures and intervention
content had to be adapted to reflect the remote delivery, but
because the groundwork for the study was primarily technology
based, it was a feasible and successful transition that took place
over the course of 3 months. Our study team had to carefully
consider potential issues related to participant safety, given that
we no longer had in-person access to clinical care providers in
the event of an emergency. This resulted in revisions to our
procedures for how to respond to the disclosure of suicide risk
and child abuse and neglect reporting. Our study
assessments—both the original and modified versions—do not
include questions explicitly asking about suicide risk. Rather,
if a participant spontaneously shares a desire or plan to hurt
themselves and/or suicide or self-harm is explicitly mentioned,
we have in place an adapted protocol of action steps to remotely
assess suicidality risk (ie, low, moderate, or high). For example,
if a participant reports any suicidal intent, but indicates that she

has no likelihood of acting on these thoughts in the near future,
our staff provides her with resources (eg, National Suicide
Prevention Lifeline and local resources, including social work)
and offers to notify their primary care physician or mental health
provider. If the participant discloses that they are somewhat or
very likely to harm themselves, our research staff expresses
concern and recommends that they speak to a professional as
soon as possible. They also contact the principal investigator
(PI) or clinical backup of the study who would plan to follow
up with them by phone immediately. The research staff would
provide numbers for local crisis and emergency mental health
services within our health system that are offered. The PI would
take appropriate action depending on the level of risk (eg, high
risk would require a referral to the emergency department closest
to the study participant). To date, we have not had a participant
disclose suicidality.

Conclusions
Despite study challenges related to the pandemic, including
time and effort adapting to a remote protocol, remote recruitment
and remote visits for this study were found to constitute a
successful approach. We also recognize the potential advantages
to participants in accessing our study remotely, including
lessening the burden of time, costs, and inconvenience
associated with traveling for in-person visits at the clinic [14].
It is important to note, however, that there are limitations to
remote delivery of study visits, which may pose challenges for
generalizing to other research studies or clinical settings that
may not offer remote care. First, because study participation
requires access to a telephone and a device with a reliable
internet connection, it is possible that we could exclude
low-income and marginalized women who might not have
access to the required technology, and who are also the most
vulnerable to negative health outcomes. Second, in our remote
protocol, we are no longer able to collect biological (ie, hair
and urine) samples as a secondary measure for drug use. Third,
as this study is ongoing, our outcomes are pending.
Notwithstanding these unknowns, just as COVID-19 has likely
permanently changed the way we seek and utilize health care,
it has also altered the way we conduct clinical behavioral
research. In both instances, there are many benefits to embrace
and maintain as we move forward.
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Abstract

Background: Mental health conditions are prevalent among Canadians and are a leading cause of disability. Each year, 1 in 5
Canadians experiences a mental health issue. A total of 5% of people aged ≥65 years perceive their mental health as fair or poor,
and 6.3% of them have mood disorders. Regarding older adults with cognitive impairments such as dementia, up to 40%-50%
of them experience depression at some point. We believe that older adults can benefit significantly from information and
telecommunication technologies as a strategy for improving mental health conditions such as depression and anxiety, while
simultaneously improving their quality of life. 3Scape Systems Inc is an Alberta-based private company that has produced a
series of specialized 3D videos designed to simulate real-life events and engage individuals living with mental health disorders
and cognitive impairments such as dementia.

Objective: This study aims to explore the trial design and effects of 3Scape videos on older adults’ symptoms of depression
and anxiety and the efficacy of this technology in improving the quality of life of patients attending the Short-Term Assessment,
Rehabilitation, and Treatment Psychiatry Day Hospital program at Glenrose Rehabilitation Hospital and to provide data to estimate
the parameters required to design a definitive randomized controlled trial.

Methods: The trial will use a randomized controlled design comprising 15 intervention participants and 15 control group
participants. The participants will be adults aged ≥65 years who are cognitively intact or have minimal cognitive impairment (ie,
Montreal Cognitive Assessment score ≥18), and are clients of the Short-Term Assessment, Rehabilitation, and Treatment Psychiatry
Day Hospital program at Glenrose Rehabilitation Hospital. This study’s primary outcome variables are related to clients’ depressive
and anxiety symptoms and their quality of life. The control group will receive the standard of care (ie, the Short-Term Assessment,
Rehabilitation, and Treatment Psychiatry Day Hospital program at Glenrose Rehabilitation Hospital). The intervention group
will receive the same standard of care as the control group and will use 3Scape Systems videos for therapeutic activities.

Results: Our study is currently on hold because of the COVID-19 pandemic. The recruitment process is expected to resume by
November 2021, and the primary impact analysis is expected to be conducted by February 2022.

Conclusions: This study will provide valuable information such as the measurement of comparative intervention effects,
perception of older adults and mental health therapists about the 3Scape Systems, the associated costs of treatment, and product
costs. This will contribute to the evidence planning process, which will be crucial for the future adoption of 3Scape Systems.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 93685907;
https://www.isrctn.com/ISRCTN93685907.
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Introduction

Background and Rationale
Mental health disorders disrupt a person’s thinking, feeling,
mood, and ability to relate to others, affecting their daily
functioning. Mental health conditions are prevalent among
Canadians. Mental health conditions are the leading causes of
disability, with 1 in 5 Canadians experiencing a mental health
concern each year. In Canada, mental health conditions are
associated with high health care resource use [1,2]. In older
adults, mental conditions may be aggravated by concomitant
medical health issues (eg, stroke), as many of them can no longer
lead active lives because of cognitive and physical decline and
psychosocial factors such as isolation and poverty. According
to Statistics Canada, 5% of people aged ≥65 years perceive their
mental health as fair or poor [3] and 6.3% of them have mood
disorders [4]. Mental health disorders contribute significantly
to morbidity and mortality in older adults and reduced quality
of life. Regarding older adults with cognitive impairments such
as dementia, up to 40%-50% of them experience depression at
some point [5]. The high prevalence of mental health conditions
in Canada places a substantial burden on individuals with mental
illness, caregivers, and the health care system in general. For
example, by 2015, the estimated public and private mental health
expenditure was Can $15.8 (US $12.7) billion, representing 7%
of the total health care expenditure, and by 2022 this expenditure
is expected to increase by up to 9% [2]. Reminiscence therapy
is a widely used nonpharmacological psychosocial intervention
in people with mental health conditions and cognitive
impairments such as dementia. Reminiscence therapy involves
a discussion of past events and experiences, using tangible
prompts to evoke memories or stimulate conversations [6]. The
literature suggests that reminiscence therapy can significantly
reduce social isolation, depression, and anxiety, while
simultaneously improving quality of life in older people within
urban aged care settings [6-8].

We believe that older adults can benefit significantly from
information and telecommunication technologies as a strategy
for improving mental health conditions such as depression and
anxiety, while simultaneously improving their quality of life.
Information and telecommunication technologies have the
potential to improve the delivery of reminiscence therapy, as
these technologies facilitate access to and the selection of
biographical information and related contents, or by providing
novel multimodal interaction forms (eg, virtual reality) to trigger
memories [9,10]. Previous investigations have studied the impact
of information and telecommunication technologies on
reminiscence therapy on the quality of caregiver and patient
relationships, subjective patients’ well-being [11], alleviating
depressive symptoms in older adults [12], and supporting social
interactions in residential care [13]. 3D immersive technologies

(or immersive technologies) such as virtual reality and 3D
display have also been shown to have a variety of positive
effects on the mental, emotional, and social health of older
adults [14]. In addition, there is an opportunity to indirectly
reduce caregiver and health care professional burden by
delivering stimulating viewing content to older adults affected
by mental health conditions, thereby enhancing their daily
experience. Although these immersive technologies are slowly
becoming more accessible (ie, in terms of cost), there is a lack
of literature on the benefits of 3D immersion technology for the
mental health well-being of seniors. As a result, whether 3D
immersion technology has a positive effect on older adults’
mental health conditions and the burden of self-care remains
an open question.

3Scape Systems Inc is an Alberta-based private company that
has produced a series of specialized 3D videos designed to
simulate real-life events and engage individuals living with
mental health disorders and cognitive impairments such as
dementia [15]. These videos are based on the principles of
reminiscence therapy, with each video highlighting a specific
topic that is present in society, including animals, music, and
nature. The goals of these videos are to trigger positive
memories, engage individuals, and invite comfort and
familiarity. Through a series of clinical evaluations, with the
aim of determining the efficacy of the 3Scape system, qualitative
and quantitative data were collected to ascertain whether the
use of these immersive video productions has an impact on
self-care or caregiver burden, the use of antipsychotic
medications, mood, agitation, emotion, engagement, tolerability
of 3D intervention, satisfaction with life, and the quality of life
of older adults with and without cognitive impairment [16].
However, there were important threats to the internal validity
of these studies, as there were no control conditions or groups;
thus, the quality of evidence provided was very low.

Evaluation Objectives and Research Questions
This study aims to explore the trial design and effect of 3Scape
videos on older adults’ depressive and anxiety symptoms and
quality of life and the efficacy in terms of caregiver burden of
the Short-Term Assessment, Rehabilitation, and Treatment
Psychiatry Day Hospital program at Glenrose Rehabilitation
Hospital and to provide data to estimate the required parameters
to design a definitive randomized controlled trial (RCT). Thus,
this study has the following five research questions:

1. Is the designed protocol feasible for conducting a future
definitive RCT?

2. Do the 3Scape videos affect older adults’ depressive and
anxiety symptoms, mood, and overall quality of life
compared with clients who receive the standard of care?

3. What are the overall experiences, beliefs, and attitudes of
older adults while watching 3Scape videos?
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4. What are the overall experiences, beliefs, and attitudes of
therapists while watching 3Scape videos?

5. Do 3Scape videos affect caregivers’ burden compared with
the same caregivers who provide the standard of care?

Methods

Study Design
This study will use a multimethod research design. The Methods
section is presented in accordance with the study’s research
questions. Additional details have been provided in Figure 1.

Figure 1. Study components. GRH: Glenrose Rehabilitation Hospital; HoNOS: Health of the Nation Outcome Scale; MoCA: Montreal Cognitive
Assessment; OPQoL-Brief: Older People’s Quality of Life-Brief; RCT: randomized controlled trial.

• Research questions 1-3, feasibility parallel-group RCT: The
experimental group will receive the intervention, which
consists of sessions with the 3Scape videos, whereas the
control group will receive the standard of care used at the
Short-Term Assessment, Rehabilitation, and Treatment
Psychiatry Day Hospital program at Glenrose Rehabilitation
Hospital (see the Outcome Variables section for more
details). For this pilot study, we will follow the CONSORT
(Consolidated Standards of Reporting Trials) guidelines

for randomized feasibility studies [17]. The Methods section
is presented with regard to the objectives of the study.

• Research question 4, study design: qualitative description
design [18].

• Research question 5, study design: quantitative descriptive
[19].
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Study Setting
This study will be conducted at the Short-Term Assessment,
Rehabilitation, and Treatment Psychiatry Day Hospital at
Glenrose Rehabilitation Hospital located in Edmonton, Alberta,
Canada.

Eligibility Criteria

Inclusion Criteria
The study participants will include adults aged ≥65 years
attending the Short-Term Assessment, Rehabilitation, and
Treatment Psychiatry Day Hospital program at Glenrose
Rehabilitation Hospital who are cognitively intact or with
minimal cognitive impairment; that is, Montreal Cognitive
Assessment score ≥18 [20].

Exclusion Criteria
Potential participants who are unable to provide informed
consent, are unable to communicate in the English language,
have a significant sensory impairment (which would prevent
adequate viewing of the 3D videos), have a mental health
diagnosis with behavioral disturbances such as the potential for
aggression or severe agitation, with aphasia, or other diagnoses
that would prevent the participant from completing surveys, or
have posttraumatic stress disorder or zoophobia will be
excluded.

Interventions
The eligible participants will be randomly assigned 1:1 to either
the experimental group or the control group.

Control Group
This group will receive standard care consisting of (1) standard
psychiatric nursing care (including some individual counseling),
(2) medication trials or titration (antidepressants, antianxiety
medicines, sleep medicines), and (3) group therapies
(psychoeducation, cognitive behavioral therapy, stress
management groups, dialectical behavior therapy, exercise
groups, community engagement and wellness groups, leisure
groups, and grief and loss groups). Every group runs twice a
week for 6 weeks (1.5 months). The patients simultaneously
attend 3 therapy groups for 6 weeks. That is, the patients attend
3 therapy sessions per day, twice a week. Each patient attends
every group at some point during their 20-week stay in the
program. Each group session is 1 hour long. Therefore, the
patients receive 36 hours of standard care every 6 weeks for a
total of 108 hours on the Short-Term Assessment, Rehabilitation,
and Treatment program.

Experimental (Intervention) Group
In the experimental arm, the psychoeducation (Leisure Choices)
group therapy (on the Short-Term Assessment, Rehabilitation,
and Treatment program) will be replaced by five 3D video
screenings (the intervention); in addition, they will receive the
same standard care. The five 3D video screening sessions will
be delivered as one session per week within a 6-week time
frame. Each session will take approximately 1 hour, consisting
of one 20-minute video screening and a postvideo screening
discussion and questionnaire. A therapist and a member of the
research team will be present during the video screening

sessions. The therapist will lead the video screening sessions
and the postvideo screening discussion (20 minutes of video
and 20 minutes of discussion). The research team will observe
alertness during video screenings sessions. After the discussion,
the research team will administer two questionnaires (Positive
and Negative Affect Schedule [PANAS] and postscreening
survey), which will take approximately 20 minutes. Each session
will take 1 hour overall. The videos will be screened in any
order. The goal of these videos is to trigger positive memories,
engage individuals, and bring comfort and familiarity. The
topics of the videos are as follows: (1) The Path, (2)
Remembering, (3) The Dance, (4) The Memory Box, and (5)
Baby Animals. A sample of the videos can be found on the
company’s website [15]. The sessions will take place at the
Courage Center at Glenrose Rehabilitation Hospital. No more
than 5 participants will be present during each video screening
session.

Outcome Variables

Research Questions 1-2 (Primary Outcome Variables)
Older adults’ depressive and anxiety symptoms, mood, overall
quality of life, and engagement are the primary outcome
variables for these research questions. Older adults’ depressive
and anxiety symptoms will be assessed using the Generalized
Anxiety Disorder-7 item (GAD-7) scale patient self-report tool
[21] and the Health of the Nation Outcome Scale (HoNOS; a
clinician rating tool) symptoms [22], older adults’ mood will
be measured using PANAS (20-item self-report questionnaire)
[23], and older adults’ overall quality of life will be measured
using Older People’s Quality of Life-Brief (OPQoL-Brief)
questionnaire scale-13 items self-reported tool [24].

Research Questions 1-2 (Secondary Outcome Variables)
Engagement while watching the 3Scape videos will be measured
using an engagement scale developed by team members in a
previous study [25]. This is an 8-point Likert scale that has been
shown to be understood by older adults, even those with mild
cognitive impairments.

Research Question 3 (Participants: Older Adults)
Participants will be asked to participate in a postsurvey to
provide feedback on their experiences while watching the
3Scape videos. The overall experience, beliefs, and attitudes of
older adults while watching the 3Scape videos will be measured
using an instrument (height items 5-point Likert scale and 4
open-ended questions) developed by the University of Calgary
in a previous study on this technology.

Research Question 4 (Participants: Therapists)
Participants will be asked to participate in a poststudy interview
to provide feedback on their experiences, with their patients
using the 3Scape videos.

Research Question 5 (Participants: Therapists)
The caregiver burden will be assessed by using the burnout and
workload perception among health care providers, measured
by the Maslach Burnout Inventory-Human Services Survey for
Medical Personnel (MBI-HSS MP) [26].
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All of the measures have good to excellent metric properties
[27,28].

Independent Variable
The independent variable in this study is the type of intervention
used. This variable has two levels (ie, control and intervention);
the Interventions section provides more details.

Confounding Variables
Age, gender, mental health condition, and groups in which the
patients are involved during the intervention will be applied,

and whether the patients are taking any medication will be
analyzed as confounding variables.

Participant Timeline

Overview
This feasibility trial consisted of a 6-week intervention treatment
phase; this study does not have a follow-up phase. The total
trial data collection period will be 8 months. As shown in Table
1, Figure 2, and Figure 3, the measurements will be taken as
follows.

Table 1. Key variables and measurements.

T8T7T6T5T3T2T1T0MeasurementParticipantsVariables

Primary outcome

✓c,d✓d✓d✓d✓d✓d✓c,d✓b,c,dGAD-7 scaleOlder adultsGAD-7a

✓c,d✓d✓d✓d✓d✓d✓c,d✓c,dHoNOS, a clinician rat-
ing tool

Older adultsHoNOSe

✓c,d✓d✓d✓d✓d✓d✓c,d✓c,dOPQoL-Brief scaleOlder adultsOPQoL-Brieff

✓c,d✓d✓d✓d✓d✓d✓c,d✓c,dPANASOlder adultsPANASg

Secondary outcomes

✓d✓d✓d✓d✓d✓d✓d✓dEngagement scaleOlder adultsEngagement

✓Semistructured interviewOlder adults and
therapists

Experiences while
watching the 3Scape
videos

✓MBI-HSS MPTherapistsMBI-HSS MPh

Covariates

✓c,dSelf-report assessment
questionnaire

Older adults and
therapists

Demographics

aGAD-7: Generalized Anxiety Disorder-7.
bOutcome present.
cControl groups.
dIntervention groups.
eHoNOS: Health of the Nation Outcome Scale.
fOPQoL-Brief: Older People’s Quality of Life-Brief.
gPANAS: Positive and Negative Affect Schedule.
hMBI-HSS MP: Maslach Burnout Inventory-Human Services Survey for Medical Personnel.
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Figure 2. Flow of participants. GAD-7: Generalized Anxiety Disorder-7 item; HoNOS: Health of the Nation Outcome Scale; MoCA: Montreal Cognitive
Assessment; OPQoL-Brief: Older People’s Quality of Life-Brief; PTSD: posttraumatic stress disorder.
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Figure 3. Study design schema.

Intervention Group (Participants: Older Adults)
Research questions 1-2 (primary outcome variables): at the
enrollment of the program (week 0 [T0], called the pretest
program enrollment), the pretest before starting showing the
videos (week 12 [T1]), and at the posttest when the participants
finish the program and watch the videos (week 18 [T8]).

• Research questions 1-2 (secondary outcome variables):
after watching each video, that is, weeks 13-17 (T1-7).

• Research question 3 (participants, older adults): after
watching every video (week 18 [T8]).

Control Group (Participants: Older Adults)
• Research question 1-2 (Primary outcome variables): at the

enrollment of the program (week 0 [T0], called the pretest
program enrollment), week 12 (T1), and at the posttest when
the participants finish the program and watch the videos
(week 18 [T8]).

For the therapists involved in the intervention group, the
measurements will be taken as follows: research questions 4
and 5 (participants, therapists): week 12 [T1].

Sample Size

Research Questions 1-3 (Participants: Older Adults)
As this is a feasibility study, a sample size calculation is not
required [17]. However, we can estimate the number of
participants we will be able to recruit during the data collection
period. In this feasibility study with a statistical power of 0.8,
an α of .05, and an effect size of 1.20, the minimum required
sample size will be 24 participants in total (12 in each group
[19]). We aim to recruit 15 participants for each group, for a
total sample size of 30, to compensate for a 20% dropout rate.
Sample size calculations are estimated using G*Power (version
3.1.9.4, Universitat Kiel) [29].
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Research Questions 4-5 (Participants: Therapists)
We aim to recruit 5-10 therapists participating in the Short-Term
Assessment, Rehabilitation, and Treatment Psychiatry Day
Hospital program who provided the intervention.

Recruitment

Participants (Older Adults)
An invitation to participate will be posted in the Short-Term
Assessment, Rehabilitation, and Treatment Psychiatry Day
Hospital program at Glenrose Rehabilitation Hospital. Therapists
will support recruitment strategies, including the provision of
information sessions and one-on-one conversations with
potential participants. The first contact with a potential
participant will be made through one of the therapists not
involved in the research team. Therapists who are already
involved in the clinical care of the patients will then determine
the individuals’ willingness to be approached by the therapist
researcher regarding participation and then obtain their consent
for the study, as the case may be.

Allocation

Sequence Generation

Probability sampling will be used. Random sequence generation
will be prepared in advance by a research team member (AMC)
on an Excel file spreadsheet (RAND function) using permuted
block randomization with a block size of 4 and a ratio of 1:1.

Concealment Mechanism

Allocation concealment will be ensured, as we will not release
the randomization code until the patients have been recruited
to the trial and all of the baseline measurements have been
completed.

Implementation

If a potential participant meets the inclusion criteria, the therapist
researcher (MKW) will ask the study coordinator to check
whether a place is available in the study for that participant in
a given group. If a place is available, then the therapist
researcher (MKW), or another therapist involved in the
recruitment process, will invite the participant to participate in
the study, explain the study to him or her, and ask him or her
to sign the consent form. If a potential participant is assigned
to a particular therapist researcher (MKW), the therapist would
not invite the participant to participate in the study. Instead, a
secondary therapist researcher will do so. As a result, the
freedom to decline will not be compromised. Once the
participants or their substitute decision makers have signed the
consent form and given their assent, the therapist researcher
(MKW) will inform the study coordinator. The study coordinator
will allocate each participant to 1 arm of the trial according to
the allocation protocol and will assign a code. This code will
be given to the therapist researcher (MKW) and research
assistants (RAs) who will conduct the assessments.

Blinding (Masking)
The assessments of outcome variables will be conducted by
RAs who are blinded to the treatment allocation. Owing to the
nature of the intervention, neither the participants nor the
therapist can be blinded to the treatment allocation, but they are

strongly encouraged not to disclose the participants’ allocation
status during the assessments. An RA will enter the data into a
computer on separate datasheets, and a senior RA will conduct
the data analysis under the supervision of the principal
investigator (PI; AMC).

Data Collection Methods

Research Questions 1-2 (Participants: Older Adults)
A therapist on the Short-Term Assessment, Rehabilitation, and
Treatment Psychiatry Day Hospital program at Glenrose
Rehabilitation Hospital with an RA, that is, RA 1, will
administer the intervention (5 video screenings). The control
group will receive standard care at the Short-Term Assessment,
Rehabilitation, and Treatment Psychiatry Day Hospital program
Glenrose Rehabilitation Hospital. The PANAS scale will be
administered after each session along with the 3Scape videos
to the intervention group participants (10 minutes). The GAD-7,
HoNOS, and OPQoL-Brief will be administered to all
participants at the beginning and end of the Short-Term
Assessment, Rehabilitation, and Treatment program, as this is
part of the standard care. In addition, we will administer the
same measures (ie, GAD-7, HoNOS, and OPQoL-Brief) to the
participants on both arms before and after each group therapy
is conducted (ie, 6 weeks apart). The administration of these
measures will take approximately 30 minutes. RA 2, who will
be blinded to the group allocation, will administer these
measures. The participants will be asked not to inform the
evaluators about the kind of intervention they had received. The
sessions will be conducted in a quiet room at the Courage
Center.

Research Question 3 (Participants: Older Adults)
The overall experience, beliefs, and attitudes of older adults
while watching the 3Scape videos will be measured using an
instrument (8 items on a 5-point Likert scale and 4 open-ended
questions) developed by the University of Calgary in a previous
study on this technology.

Research Question 4
Interviews will be conducted for the therapists. Semistructured
questions (topic guided) will examine the usefulness of 3Scape
videos for the treatment of the mental health condition of older
adults. Interviews will be audiotaped for later analysis by team
members. To ensure anonymity, the older adults’ and therapists’
responses will not be connected to their identities. RA 2 will
conduct the surveys. The administration of these measures will
take approximately 15 minutes.

Research Question 5
The MBI-HSS MP will be administered to every therapist who
provides the intervention to study the participants at the pretest
and posttest. The administration of these measures will take
approximately 20-30 minutes. RA 2 will administer these
measures.

Data Analyses

Research Questions 1, 2, and 3
The analyses will be conducted in SPSS using intention-to-treat
principles. Descriptive statistics will be used to characterize the
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groups during the pretest. Owing to the small sample size,
comparisons of the GAD-7, HoNOS, OPQoL-Brief, and PANAS
scores within the groups will be performed using a Wilcoxon
signed-rank test (P≤.05), and comparisons between the groups
will be calculated using the Mann–Whitney U test (P≤.05). The
GAD-7, HoNOS, OPQoL-Brief, and PANAS scores will be
used to analyze the clinical significance, established as a change
of 2 or more units [30]. Participants’ engagement will be
analyzed using descriptive statistics.

Research Question 4
The audiotapes will be transcribed and content analysis will be
performed. The content analysis will be data driven. Data codes
will be inductively generated using the data collected. Through
the coding, a small number of themes or categories will be
generated. The analyses will be performed by an RA, and a
consensus in the interpretations will be achieved through a
discussion among the research team members. The validity of
the interpretations will be discussed with and agreed upon by
every member of the research team. NVivo 10 software will be
used to conduct data analysis.

Research Question 5
Descriptive statistics will be used to characterize the groups at
pretest and posttest. Owing to the small sample size,
comparisons of the MBI-HSS MP scores within the groups will
be performed using a Wilcoxon signed-rank test (P≤.05), and
comparisons between the groups will be calculated using a
Mann–Whitney U test (P≤.05).

Ethics and Dissemination

Research Ethics Approval
All procedures were approved by the ethics committee of
Alberta University and the Northern Alberta Clinical Trials
Research Centre, Canada.

Incentives
The participants will not receive any incentive for participating
in this study.

Withdrawal From the Study
The participants and substitute decision makers can request to
withdraw from the study at any time either orally or in writing.
The participants will be able to withdraw from the study at any
time before the group analysis is calculated. If a participant
withdraws, his or her information will not be taken into account
in the analysis. In the event that a participant requests to have
his or her data destroyed, the research team will honor this
request by shredding and recycling the paper records and erasing
any records stored on a computer hard drive using commercial
software applications designed to remove all data from storage
devices. However, once all of the participants’ data have been
analyzed, the participant cannot withdraw. The participants will
be informed of this in a consent letter. The deadline for
withdrawal will be once all of the participants’ data have been
collected and data analysis is underway. This will occur during
the 8 months of the study.

Consent or Assent
Signed consent will be obtained from all participants in the
study. For those who are unable to provide their informed
consent, one of the therapist researcher (MKW), or another
therapist involved in the recruitment process, will approach
each potential participant and his or her substitute decision
maker to provide information on the study. If these potential
participants and their substitute decision makers provide their
consent, the substitute decision makers will sign the consent
form, and we will seek the potential participants’ assent.

Confidentiality
We will assign numerical codes to the participants instead of
using their names or other identifiers. Only the study coordinator
will have access to the master list, where these codes are linked
to the participants’ first names. With the exception of direct
conversations with each participant, their names will not be
used, only their numbers. Hard copies of the consent forms,
questionnaires, and study notes will be stored in a locked filing
cabinet in a laboratory (Corbett Hall 1-45, Faculty of
Rehabilitation Medicine, University of Alberta). All of the
de-identified electronic study documents will be encrypted and
stored on a password-protected computer located in a laboratory
(Corbett Hall 1-45, Faculty of Rehabilitation Medicine,
University of Alberta).

Access to Data
All PIs will be given access to the cleaned data sets. The master
list will be stored on a password-protected computer, located
in the PI’s laboratory (Corbett Hall 1-45, Faculty of
Rehabilitation Medicine, University of Alberta). Only the study
coordinator will have access to the master list. The data will be
retained for 5 years. There are no plans for future use of data
other than publishing them in peer-reviewed journals and at
conferences. The data will not become part of a data repository
and will not be involved in the creation of a research database
or registry for future research use. After 5 years, the data will
be destroyed. This will be done by shredding the paper records.
Records stored on a computer hard drive will be erased using
commercial software applications designed to remove all data
from storage devices.

Quality Assurance and Safety
We will follow the CONSORT guidelines for clinical trial
feasibility [17]. In addition, we will assess the quality of our
study using the Physiotherapy Evidence Database scale [19].

Results

The 3Scape study was launched in April 2020. As of August
2021, our study is on hold due to the COVID-19 pandemic. The
recruitment process is expected to resume by November 2021,
and the primary impact analysis is expected to be conducted by
February 2022. This project is an excellent example of how
industry and the health care system can support each other to
grow and diversify Alberta’s economy, and promote the entry
of this valuable technology into the global rehabilitation market.
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Discussion

Principal Findings
The primary objective of this proposed study is to assess the
feasibility of conducting a definitive trial on the effectiveness
of 3Scape technologies. The results of this project will inform
the development of best practices for older adults with mental
health conditions such as depression and anxiety, which affect
as much as 6.3% of the population of older adults. Currently,
our study is on hold because of the COVID-19 pandemic. The
recruitment process is expected to resume by November 2020,
and the primary impact analysis is expected to be conducted by
February 2021.

The level of evidence that immersive technologies have an
impact on older adults’mental health conditions and the burden
of care is low. The 3Scape Systems Inc videos have the potential
to become a sound alternative at the midpoint between these 2
extremes. 3Scape Systems has a technological readiness level

of 9 [31], thus having a sufficient level of readiness that can be
tested in a real-world clinical setting. This feasibility study is
the first RCT to evaluate the potential benefits of 3Scape
Systems. Conducting this RCT will provide valuable
information. First, the estimates can be used for sample size
calculations in future RCTs. Second, as we will measure the
patients’ outcome variables on 4 different occasions during the
intervention, the results of this study will guide therapists on
the expected percentage of a patient’s improvement and how
progress was achieved over a period of 10 weeks. The results
of this project will provide them with information on the
feasibility of adopting 3Scape Systems.

Conclusions
In conclusion, this study will provide valuable information such
as the measurement of comparative intervention effects,
perception of older adults and therapists about the 3Scape
Systems, the associated costs of treatment, and product costings.
This will contribute to the evidence planning process, which
will be crucial for the future adoption of 3Scape Systems.
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Abstract

Background: The positive impact that physical activity has on patients with cancer has been shown in several studies over
recent years. However, supervised physical activity programs have several limitations, including costs and availability. Therefore,
our study proposes a novel approach for the implementation of a patient-executed, activity tracker–guided exercise program to
bridge this gap.

Objective: Our trial aims to investigate the impact that an activity tracker–guided, patient-executed exercise program for patients
undergoing radiotherapy has on cancer-related fatigue, health-related quality of life, and preoperative health status.

Methods: Patients receiving postoperative radiotherapy for breast cancer (OnkoFit I trial) or neoadjuvant, definitive, or
postoperative treatment for other types of solid tumors (OnkoFit II trial) will be randomized (1:1:1) into 3-arm studies. Target
accrual is 201 patients in each trial (50 patients per year). After providing informed consent, patients will be randomized into a
standard care arm (arm A) or 1 of 2 interventional arms (arms B and C). Patients in arms B and C will wear an activity tracker
and record their daily step count in a diary. Patients in arm C will receive personalized weekly targets for their physical activity.
No further instructions will be given to patients in arm B. The target daily step goals for patients in arm C will be adjusted weekly
and will be increased by 10% of the average daily step count of the past week until they reach a maximum of 6000 steps per day.
Patients in arm A will not be provided with an activity tracker. The primary end point of the OnkoFit I trial is cancer-related
fatigue at 3 months after the completion of radiotherapy. This will be measured by the Functional Assessment of Chronic Illness
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Therapy-Fatigue questionnaire. For the OnkoFit II trial, the primary end point is the overall quality of life, which will be assessed
with the Functional Assessment of Cancer Therapy-General sum score at 6 months after treatment to allow for recovery after
possible surgery. In parallel, blood samples from before, during, and after treatment will be collected in order to assess inflammatory
markers.

Results: Recruitment for both trials started on August 1, 2020, and to date, 49 and 12 patients have been included in the OnkoFit
I and OnkoFit II trials, respectively. Both trials were approved by the institutional review board prior to their initiation.

Conclusions: The OnkoFit trials test an innovative, personalized approach for the implementation of an activity tracker–guided
training program for patients with cancer during radiotherapy. The program requires only a limited amount of resources.

Trial Registration: ClinicalTrials.gov NCT04506476; https://clinicaltrials.gov/ct2/show/NCT04506476. ClinicalTrials.gov
NCT04517019; https://clinicaltrials.gov/ct2/show/NCT04517019.

International Registered Report Identifier (IRRID): DERR1-10.2196/28524

(JMIR Res Protoc 2021;10(9):e28524)   doi:10.2196/28524

KEYWORDS

cancer; fatigue; physical activity; quality of life; activity tracker; exercise program; radiotherapy; digital health

Introduction

Radiotherapy is a key treatment modality for the curative
treatment of various tumor entities. Despite continuous technical
improvements in facilitating increasingly precise dose delivery,
side effects are inevitable in many cases [1]. Among patients
with breast cancer, cancer-related fatigue (CRF) is the most
frequent side effect reported during and after postoperative
radiotherapy [2]. Among patients with other tumor sites that
were treated with preoperative or definitive radiochemotherapy,
CRF has also been frequently reported. However, local acute
and late side effects of treatment can cause further impairments
in health-related quality of life (HRQoL) [1]. In addition,
sedentary behavior during preoperative radiotherapy can have
a negative impact on the postoperative course of a patient (eg,
in terms of recovery and wound complications). The beneficial
effect that physical activity has on patients with cancer has been
clearly established over recent years and is supported by many
clinical studies [3-5]. Moreover, many international
organizations have updated their recommendations to include
exercise as an important part of cancer therapy (ie, exercise
before, during, and after cancer therapy) [6-8]. Guidelines for
the inclusion of exercise in oncologic treatments for patients
with cancer have been published recently [9]. In this context,
physical activity training can be implemented at different time
points during treatment. The goal of prerehabilitation is to
improve the fitness of patients prior to undergoing a major
medical intervention, such as cancer surgery [10]. Faster
recovery, fewer wound complications, and improved HRQoL
have been exhibited by patients who have participated in a
prerehabilitation program [11-13]. In patients with breast cancer,
low levels of physical activity are associated with a 22% higher
risk of breast cancer mortality [14]. Furthermore, a recent
meta-analysis has shown that physical activity during
oncological treatments is a highly effective measure for reducing

CRF [15]. Additionally, in patients that survive cancer after
oncological treatment, a higher level of physical activity is
associated with improved HRQoL and, in some studies, even
improved cancer-specific survival [14,16]. Although the
pathomechanisms leading to CRF remain unclear to date,
previous studies have suggested a close relationship between
CRF and proinflammatory pathways, including pathways that
lead to increases in levels of interleukins [17,18].

Activity trackers, which are also called wearables, have been
used by a growing population to record physical activity and
biodata, such as pulse and sleep patterns. Although fitness
wristbands were initially considered purely as lifestyle products,
in recent years, the scientific benefits of these products have
increasingly come to the fore [17-19]. However, no prospective
trials that include activity trackers as part of patients’
radiotherapy have been conducted to assess these trackers’
efficacy in reducing CRF and improving HRQoL.

In the presented OnkoFit studies, we aim to investigate whether
an activity tracker–based fitness program can reduce CRF and
improve the quality of life and preoperative health status of
patients undergoing radiotherapy.

Methods

Study Setting and Participants
The OnkoFit trials are two independent, single-center,
randomized prospective phase III trials that have been certified
by the working group radiological oncology of the German
Cancer Society. After providing informed consent, patients will
be randomized to a standard arm (arm A) or 1 of 2 interventional
arms (arm B and C) in a 1:1:1 ratio (Figure 1). All patients will
be recruited by the Department of Radiation Oncology at the
University Hospital Tuebingen.
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Figure 1. Overview of study arms of the OnkoFit I and OnkoFit II trials. In each study, patients will be randomized (1:1:1; 67 patients per arm) into
the 3 arms after providing informed consent. PROM: patient-reported outcome measures.

The OnkoFit I trial is exclusively designed for patients with
breast cancer, while the OnkoFit II trial is open to patients
undergoing preoperative, definitive, or postoperative
radiotherapy for various tumor sites. The separation of the tumor
entities in two different trials allows for two different end points.
Although the end point of the OnkoFit I trial—fatigue at 3
months after radiotherapy—has been evaluated in a pilot trial
that was conducted in our department [2], it was determined

that for patients undergoing neoadjuvant radiochemotherapy,
this end point might be too early, especially for patients who
undergo surgery after neoadjuvant radiochemotherapy.

A summary of key inclusion and exclusion criteria is provided
in Textbox 1. We anticipate the recruitment of 50 patients per
year in each trial. The course of the study is displayed in Figure
2.
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Textbox 1. Inclusion and exclusion criteria of the OnkoFit trials.

Inclusion criteria

• OnkoFit I trial

• Informed consent

• Age>18 years

• Histologically confirmed breast cancer

• Easter Cooperative Oncology Group score of 0-2

• Indication for postoperative radiotherapy after breast-conserving surgery or mastectomy

• OnkoFit II trial

• Informed consent

• Age>18 years

• Diagnosis of lung cancer, esophageal cancer, brain tumors, head and neck tumors, pancreatic cancer, rectal cancer, sarcoma, and uterus
cervix cancer

• Easter Cooperative Oncology Group score of 0-2

• Indication for preoperative, definitive, or postoperative radiochemotherapy

• Planned duration of treatment of at least 4 weeks

Exclusion criteria

• OnkoFit I trial

• Participation in other interventional trials

• History of using an activity tracker

• Pregnancy

• Recent cardiovascular events (stroke, myocardial infarction within the last 6 months, and a cardiac insufficiency New York Heart Association
grade of >I)

• Easter Cooperative Oncology Group score of 3-4

• Comorbidities with impairments of mobility, such as paraplegia

• OnkoFit II trial

• Participation in other interventional trials

• History of using an activity tracker

• Pregnancy

• Recent cardiovascular events (stroke, myocardial infarction within the last 6 months, and a cardiac insufficiency New York Heart Association
grade of >I)

• Easter Cooperative Oncology Group score of 3-4

• Comorbidities with impairments of mobility, such as paraplegia
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Figure 2. Overview of the study design and expected duration. FACT-G: Functional Assessment of Cancer Therapy-General; RT: radiotherapy.

Treatment Groups and Interventions
After providing informed consent, patients will be included into
either the OnkoFit I trial or OnkoFit II trial and randomized
into 1 of the 3 arms of the studies (Figure 1). Both studies aim
to include 201 subjects each.

Arm A: Standard of Care
In this arm, patients will be advised to conduct at least 1.5 hours
of moderate physical activity or 75 minutes of strenuous physical
activity per week. Patients will receive an educational patient
brochure (written in the German language) about the rational
and potential benefits of physical activity during cancer
treatment. Activity trackers will not be provided to the patients
(Figure 3).

Figure 3. Overview of the procedure plan and follow-ups for after radiotherapy. The quality-of-life questionnaires include the Patient Health
Questionnaire-8, Functional Assessment of Cancer Therapy-Breast, Functional Assessment of Chronic Illness Therapy-Fatigue, and European Organisation
for Research and Treatment of Cancer Quality of Life-Cancer 30 questionnaire. *The use of the activity tracker after intervention completion is based
on patients’ preferences. **PRO-CTCAE items were selected based on the anatomical region treated. PRO-CTCAE: Patient-Reported Outcomes
Common Terminology Criteria for Adverse Events; RT: radiation therapy.
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Arm B: Activity Tracker Without Weekly Goals
As in arm A, patients in arm B will be advised to conduct 1.5
hours of moderate physical activity or 75 minutes of strenuous
physical activity per week and will receive the previously
mentioned patient brochure. In addition, patients will be given
an activity tracker. They will be instructed to wear it throughout
the day and document the daily step count in a patient activity
diary, which will be provided to each patient. No instructions
will be provided with regard to daily or weekly goals for step
counts (Figure 3).

Arm C: Activity Tracker With Weekly Goals
As in the other arms, patients will be counseled about conducting
1.5 hours of moderate physical activity or 75 minutes of
strenuous exercise and will receive the patient brochure. The
same activity tracker as that in arm B will be given to patients.
However, in arm C, patients will receive weekly goals for their
average step counts during treatment. The baseline step count
will be assessed from the time of informed consent provision
until the time of computed tomography simulation (computed
tomography scans of patients will be taken prior to treatment
to allow for radiation treatment planning). This period usually
amounts to approximately 7 days. The patients will document
daily step counts in a patient activity diary. At the time of
computed tomography simulation, the mean daily step count
will be calculated; this will constitute the basis for the upcoming
week’s goal for step counts. If the average step count is 6000
or higher, the new goal will be to not fall under this value. If
the average step count is less than 6000, the new goal will be
calculated by increasing the past week’s step count average by
10%. If, for instance, the average step count is 3000 steps, the
new target will be 3300 steps. The last change to the target step
count will take place during the last week of radiotherapy. The
highest possible target step count is 6000. This means that an
average of 5800 steps in 1 week will result in a new goal of
6000 steps. We chose this 6000-step threshold based on a
literature search we conducted, which suggested that a sedentary
lifestyle is defined by threshold [16] (Figure 3).

In all arms, blood samples will be taken at baseline, at the end
of radiotherapy, and at 6 months after the end of treatment. The
activity trackers that will be used in this trial are commercially
available accelerometers.

Clinical End Points and Instruments Used

OnkoFit I Trial
For the OnkoFit I trial, the primary end point will be fatigue,
which will be scored according to the Functional Assessment
of Chronic Illness Therapy-Fatigue (FACIT-F) subscale. The
end point will be assessed 3 months after the completion of
radiotherapy. The FACIT-F questionnaire, which consists of
40 questions, was validated to assess fatigue in patients with
cancer among our own patient cohort in a pilot project, which
was conducted prior to the OnkoFit trials [2], as well as in many
other studies [20,21]. The secondary end points will include
treatment compliance, patient-reported acute and late toxicity,
disease-free survival, and overall survival.

OnkoFit II Trial
For the OnkoFit II trial, the primary end point will be the overall
HRQoL, which will be assessed by the Functional Assessment
of Cancer Therapy-General sum score. This end point will be
measured 6 months after the end of treatment in order to account
for possible surgical interventions and possible recovery
thereafter. In addition to the secondary end points listed for the
OnkoFit I trial, we will assess the frequency of unplanned
inpatient treatments for patients planned for ambulatory
treatments and the frequency of postoperative complications
(which will be assessed by using the Clavien-Dindo
classification system) [22] in patients receiving preoperative
radiotherapy.

Treatment-related toxicities will be scored by using the German
translation of the Patient-Reported Outcomes Common
Terminology Criteria for Adverse Events (PRO-CTCAE), which
were developed by the National Cancer Institute. Briefly, the
assessment of the severity and frequency of symptoms will be
based on a 5-tier scale that ranges from “none” to “very severe”
or from “never” to “almost always.” Depending on the treated
site (breast cancer: 8 questions; head and neck: 27 questions;
thoracic and abdominal lesions: 21/24 questions; brain cancer:
20 questions; sarcoma: 14 questions), specific sets of questions
were created. The patient-reported outcome measurement
questionnaires for patients with head and neck cancer as well
as patients with thoracic and abdominal tumor lesions have been
used in our department [1]. The selection of PRO-CTCAE items
was based on our long-term experience with the most frequent
side effects that occur during and after radiotherapy for treated
regions. Depression will be assessed with the Patient Health
Questionnaire-8 [23,24]. In order to assess baseline fitness and
sports activities, a questionnaire was developed in cooperation
with the Department of Sports Medicine at the University
Tuebingen. The questionnaire contains questions concerning
the individual fitness histories and baseline activity levels of
individual patients in the form of patient-reported outcome
measurement–related questions. The questionnaire includes 18
questions and is based on the previous work of the Department
of Sports Medicine at the University Tuebingen and other groups
[25,26].

Translational Subproject
To further expand our knowledge on the possible
pathomechanisms behind CRF and the potential effects that
exercise has on the course and severity of CRF, blood samples
will be taken from patients before radiotherapy, at the end of
radiotherapy, and at 6 months after radiotherapy for the
evaluation of inflammatory markers, such as neutrophil counts
and interleukin-6 and C-reactive protein levels.

Follow-up
Based on patients’ preferences, patients can keep the activity
tracker after the completion of treatment. Independent of this
decision, patients will be seen for follow-up at 3, 6, and 12
months after the completion of radiotherapy. Thereafter,
follow-ups will take place yearly for up to 5 years.
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Sample Size and Statistical Considerations
Previous studies were able to demonstrate a medium to high
effect size with regard to the influence that physical activity has
on the fatigue and HRQoL of patients with cancer. Based on a
medium effect size (Cohen f=0.25) with an α error of 5% and
a power of 80%, a one-way independent sample analysis of
variance was conducted. Per the results of this analysis, 201
patients (67 patients per arm) will be recruited for each trial
[27]. A dropout rate of 20% was assumed for the calculation of
the number of patients. Randomization will be carried out via
block randomization with variable block lengths.

Data Safety and Confidentiality
It will not be possible to record the position of patients in terms
of their geographical location via the activity tracker. The
clinical and personal data of patients will not be stored on the
device. The assignment of the fitness trackers to the patients
will be pseudonymized. The storage of fitness data and the
linking of patient-related data will only be carried out within
the hospital's information technology system. Therefore, these
data will be subject to the hospital's data protection and data
security regulations. For the purpose of publication, all data
will be presented anonymously.

Results

Both studies have been approved by the Institutional Review
Board of University Clinic Tuebingen (OnkoFit I trial reference
number: 201/2020BO2; OnkoFit II trial reference number:
202/2020B02) and are registered on ClinicalTrials.gov (OnkoFit
I trial number: NCT04506476; OnkoFit II trial number:
NCT04517019). The recruitment of patients started on August
1, 2020. The results will be published in a peer-reviewed journal
upon the completion of the trial. As of June 2021, we have
recruited 49 patients in the OnkoFit I trial and 12 patients in the
OnkoFit II trial. Per our recruitment plan, 50 patients are
expected to be recruited in both OnkoFit I and OnkoFit II trials
per year. The reasons for the more rapid recruitment in the
OnkoFit I trial than in the OnkoFit II trial are manifold. One
reason is the prioritization of the OnkoFit I trial over the OnkoFit
II trial during the COVID-19 pandemic. Another reason is the
decline of the number of patients who are eligible for the
OnkoFit II trial during the pandemic. However, we expect that
the recruitment rate in the OnkoFit II will accelerate soon.

Discussion

Trial Implications
The benefit of physical activity both during and after various
kinds of cancer treatments has been shown in several
randomized trials. Physical activity not only improves HRQoL
but also has the capability to reduce the severity of negative
treatment effects. With regard to patients undergoing
radiotherapy, the feasibility and positive impact of combining
radiotherapy with physical activity has been observed, and
further clinical studies are currently being conducted (Exercise
Therapy in Radiation Therapy [EXERT] trial; NCT03905356)
[28]. However, measured variables as well as definitions of end
points greatly vary between different studies on using activity

trackers in cancer care, and there is a great need for randomized
trials that clarify optimal time points as well as strategies [24].
The rationale behind the OnkoFit trials is to test a physical
activity program that requires only few resources and is easy
to implement even in the workflow of departments that treat a
very large numbers of patients (≥1000 patients per year). Even
though there is no doubt that a one-to-one supervised physical
activity program that is conducted over several weeks would
be desirable, this is often not feasible due to costs, limitations
in geographical reach, and a lack of qualified personal [29].
Moreover, in a qualitative interview study conducted by
Hardcastle et al [30], survivors of breast cancer expressed that
they would favor home-based programs for exercise. The high
acceptance of activity trackers among patients with cancer has
been reported previously [31-33]. In our pilot study, which
investigated the feasibility of continuous activity monitoring,
19 of 23 patients regularly used a commercially available
activity tracker during radiotherapy. In the same study, we
observed very plausible results regarding changes in physical
activity during the course of treatment [33]. These results are
also supported by a study conducted by Ohri et al [34], who
showed a correlation between decreasing step counts and a
forthcoming need for the inpatient treatment of patients with
lung cancer during radiotherapy.

We see several advantages in an activity tracker–based training
program. First, most activity tracker devices are easy to use and
can be intuitively used by most older patients without any
previous experience with such devices. Second, these devices
provide real-time feedback to patients, which results in
self-awareness and motivation. Third, the quantitative measures
of physical activity levels can be remotely shared with
caregivers, thereby providing an objective view on a patient’s
constitution and whether activity goals have been met [17]. The
OnkoFit I and II trials have been designed as 3-arm trials. By
introducing an arm in which patients receive an activity tracker
but no predefined goals, we hope to study whether patients in
the interventional arm, which provides weekly targets, actually
have a higher level of physical activity and whether any potential
effects that are observed at the end of the study are associated
with the intervention.

Since acute and long-term side effects vary widely between
patients with breast cancer undergoing radiotherapy and patients
receiving preoperative or definitive radiotherapy, different end
points were defined for the OnkoFit I and OnkoFit II trials.
Additionally, the time points for assessment vary. In the OnkoFit
II trial, the end point will be assessed 6 months after the end of
radiotherapy and therefore later than in the OnkoFit I trial (the
assessment will be conducted at 3 months), since patients
receiving preoperative radiotherapy may still be in
reconvalescence from surgery 3 months after the end of
radiotherapy.

Patients undergoing radiochemotherapy in a neoadjuvant setting
are at risk of increased side effects during and after concomitant
surgery if they experience (severe) toxicity after the completion
of radiation treatment. The concept of prehabilitation, which is
defined as a rehabilitation program that is initiated before
treatment, has gained more and more recognition in the field of
oncology in recent years [35]. In two studies on colorectal
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patients, a prehabilitation program markedly improved
functional recovery after resection, thereby underscoring the
program’s potentially large benefit for patients [36,37]. In the
context of neoadjuvant treatment, a study is currently underway
for evaluating the effect that a concomitant prehabilitation
program (conducted during chemotherapy) has on treatment
outcomes and morbidity in patients with ovary cancer [38].
Similarly, another group has evaluated the effect that a
prehabilitation program has on functional outcomes, particularly
swallowing and the quality of life among patients undergoing
radiochemotherapy for head and neck cancer [39]. Available
data have been recently summarized by Squires and colleagues
[40], with an emphasis on cardiovascular health after cancer
therapy. In the context of the OnkoFit II trial, we aim to
investigate whether the proposed fitness tracker–based exercise
program can function as a prehabilitation program for patients
undergoing neoadjuvant radiotherapy and thus decrease the
number of postoperative complications.

One of the limitations of the proposed study is the lack of a
supervised preintervention and postintervention fitness test (eg,
ergometry), which would provide a more objective perspective
on the fitness levels of patients than the fitness
questionnaire—the one that will be used in our trials—alone.
Furthermore, the trials were designed as monocenter trials that
will be conducted at a single institution, which might limit the
generalizability of the data.

Conclusion
The randomized OnkoFit I and II trials will investigate a unique
approach to conducting a patient-executed fitness program
during and after radiation therapy. In these trials, activity
trackers will be used to improve HRQoL; reduce the severity
of treatment side effects, including CRF; and improve the
preoperative health status of patients. The findings of these trials
will help to further our knowledge on combining exercise
therapy with radiation treatment that focuses on the patient point
of view.
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Abstract

Background: The effect of an unguided internet-based cognitive behavioral therapy (iCBT) stress management program on
depression may be enhanced by applying artificial intelligence (AI) technologies to guide participants adopting the program.

Objective: The aim of this study is to describe a research protocol to investigate the effect of a newly developed iCBT stress
management program adopting AI technologies on improving depression among healthy workers during the COVID-19 pandemic.

Methods: This study is a two-arm, parallel, randomized controlled trial. Participants (N=1400) will be recruited, and those who
meet the inclusion criteria will be randomly allocated to the intervention or control (treatment as usual) group. A 6-week,
six-module, internet-based stress management program, SMART-CBT, has been developed that includes machine-guided exercises
to help participants acquire CBT skills, and it applies machine learning and deep learning technologies. The intervention group
will participate in the program for 10 weeks. The primary outcome, depression, will be measured using the Beck Depression
Inventory II at baseline and 3- and 6-month follow-ups. A mixed model repeated measures analysis will be used to test the
intervention effect (group × time interactions) in the total sample (universal prevention) on an intention-to-treat basis.

Results: The study was at the stage of recruitment of participants at the time of submission. The data analysis related to the
primary outcome will start in January 2022, and the results might be published in 2022 or 2023.

Conclusions: This is the first study to investigate the effectiveness of a fully automated machine-guided iCBT program for
improving subthreshold depression among workers using a randomized controlled trial design. The study will explore the potential
of a machine-guided stress management program that can be disseminated online to a large number of workers with minimal cost
in the post–COVID-19 era.

Trial Registration: UMIN Clinical Trials Registry（UMIN-CTR) UMIN000043897;
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000050125

International Registered Report Identifier (IRRID): PRR1-10.2196/30305

(JMIR Res Protoc 2021;10(9):e30305)   doi:10.2196/30305
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Introduction

Background
Both depressive disorders and subthreshold symptoms of
depression are major public health problems because of the high
prevalence of depression and its substantial impacts in terms of
distress, disability, and impaired quality of life [1,2]. Depression
is also a leading cause of productivity loss, such as impaired
work performance and missed days at work, in the workplace
[3]. The primary prevention of depression is important to
improve quality of life and the human capital of companies or
organizations and the whole society [4].

Internet-based (or web-based) online stress management
programs that incorporate cognitive behavioral therapy (CBT)
have been shown to be effective in reducing symptoms of
depression and the risk of major depressive disorder among
symptomatic groups [5,6], and in the general [7] and working
population [8]. Such internet-based CBT (iCBT) programs are
easy for people to access and can be delivered to a large number
of people at a relatively low cost compared to face-to-face or
group-based CBT programs. In particular, during a pandemic,
such as COVID-19, a stress management program, which does
not require face-to-face contact, is highly desirable.

However, previous reviews reported a clear difference in the
effects of iCBT programs with and without therapist support
[9,10]. The effect sizes for improving stress, depression, and
anxiety of adults were moderate (Cohen d=0.61-0.64) for iCBT
programs guided by therapists, in which mental health
specialists, such as psychologists, help participants to learn CBT
skills, for instance, by responding to their questions or providing
feedback on their homework in the program. On the other hand,
the effect sizes were smaller (Cohen d=0.25-0.33) for fully
automated self-guided iCBT programs without therapist support
[9,10]. Moreover, in the workplace, guided interventions showed
better intervention effects on the symptoms of stress and
depression than unguided interventions (Hedges g=0.39 and
0.34, respectively) [8]. In addition, unguided iCBT interventions
may be effective in reducing depression in the short term (eg,
3 months), but they sometimes fail to show intermediate-term
(eg, 6 months or longer) effects [11,12]. However, a guided
iCBT program requires trained therapists and thus needs more
financial and human resources than an unguided program. This
might limit the dissemination and implementation of CBT
programs in a low-resource setting, such as small enterprises
and middle- and low-income countries [13].

Concerning the target population of interventions, interventions
that focus on high-risk or symptomatic populations (selective
and indicated interventions) often yielded greater effects than
a universal intervention [14]. For instance, among web-based
psychological interventions in the workplace, the effect sizes
of web-based psychological interventions were larger for
indicated interventions than for universal prevention
interventions (Hedges g=0.52 and 0.25, respectively) [8].
However, the reduction in symptoms may last for a shorter

duration for selective and indicated interventions compared to
universal interventions [15]. Universal interventions also have
an advantage in possessing a less stigmatizing nature than other
interventions in the field of mental health [16]. Thus, universal
preventive interventions are recognized as a potentially desirable
approach [17]. If we successfully enhance the effectiveness of
this approach, a universal prevention intervention would be a
more promising approach for the prevention of depression in
the community or workplace.

A possible strategy to improve the effect of a fully automated
unguided iCBT program is to incorporate an automated function
to support users’ learning in an unguided program that is
equivalent to therapist-guided ones by applying programmed
interactions between a user and the system, for instance,
individualized feedback regarding the assessment of stress and
mental health status to the user, a step-by-step guide to develop
the CBT skills of the user, suggestions regarding options
available to the user, and advice on homework done by the user
to improve his/her skills. Automated machine algorithms for
these functions could be developed applying a machine-learning
prediction based on a large data set, a scenario-based chatbot
guide, and a deep learning technology to evaluate the
appropriateness of a user’s responses in his/her homework
exercises. To date, no such “machine-guided” iCBT program
has been tested for its effectiveness in alleviating depression
among workers.

Objectives
To address these unresolved issues, our randomized controlled
trial (RCT) aims at investigating the effectiveness of a fully
automated machine-guided iCBT program supported by artificial
intelligence (AI) technologies, called “SMART-CBT,” for
subthreshold symptoms of depression (the primary outcome)
at 3- and 6-month follow-ups and for secondary outcomes
(psychological distress, fear of COVID-19, and sick leave days
at 3- and 6-month follow-ups, and major depressive episodes
[MDEs] over a 12-month period) compared to treatment as usual
(TAU). Participants will be healthy workers selected from the
general working population (universal prevention). We
hypothesize that this fully automated machine-guided program
will improve the symptoms of depression compared with the
control group, with an equal or greater effect size as in previous
guided web-based psychological interventions at the 6-month
follow-up (0.16-0.25) [8,18] in the total sample (universal
prevention). We will also investigate the effect on depression
among participants with subthreshold depression (indicated
intervention).

Methods

Trial Design
The study will be a nonblinded, parallel, two-arm RCT with a
single intervention group that will receive the SMART-CBT
intervention and a control group that will receive TAU. The
allocation ratio of the intervention group to the control group
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is 1 to 1. Participants will be randomly allocated to either the
intervention group or the control group after they have
completed a baseline online questionnaire. Follow-up surveys
will be conducted at 3, 6, and 12 months after the baseline
measurement, using online questionnaires. The study protocol
has been registered at the UMIN Clinical Trials Registry
(UMIN-CTR; ID UMIN000043897). This protocol manuscript
has been reported according to the SPIRIT (Standard Protocol
Items: Recommendations for Interventional Trials) guideline
checklist [19].

Participants
The target population of this RCT will be healthy full-time
workers from the general working population, because our
intention is to develop a “generic” internet-based stress
management program that is effective and can be disseminated
to workers across industries and occupations. Full-time
employees currently working in companies/organizations in
Japan will be invited to participate in the study through an
internet survey company (Macromill Inc). The inclusion criteria
are as follows: (1) adult (age 20-60 years), (2) full-time
employee, and (3) access to the internet via a PC, smartphone,
or tablet. The exclusion criteria are as follows: (1) not on
long-term sick leave or maternity/childcare leave or not
temporally laid off at the time of recruitment, (2) no sick leave
of 15 days or more in the past 3 months, (3) not receiving
treatment from mental health professionals, (4) no MDE in the
past month (based on the self-report Mini-International
Neuropsychiatric Interview [MINI]), and (5) not a business
owner, self-employed individual, freelancer, or part-time worker.

Procedure
Participants will be recruited from a pool of 300,000 people
living in all 47 prefectures of Japan who registered with an
online survey company. A clinical research coordinator (CRC)
from the survey company will send an invitation to this
population, with a description of the study’s aim and procedure,
and obtain online informed consent to participate in the study.
We will recruit 1600 participants in total, including 200 males
and 200 females in each of four age groups (20-29, 30-39, 40-49,

and 50-60 years old). The CRC will ask those who agree to
participate in the study to complete an online questionnaire for
the baseline survey. We expect that at least 1400 individuals
will be eligible based on the inclusion and exclusion criteria.
These participants will be randomly allocated to either the
intervention group (n=700) or the control group (n=700).
Participants in the intervention group will be asked to use the
intervention program for 6 weeks after the baseline survey, and
they will be encouraged to revisit and review the program for
an additional 4 weeks. Participants in the control group will be
given a chance to receive the intervention program upon
completion of the study. The participants in the intervention
group will be given a token equivalent to JPY 1000 (USD 9.1)
if they complete all modules of the program. The participants
in the control group will be given a token equivalent to JPY
100 (USD 0.91). Participants in both groups will be given a
token equivalent to JPY 30 (USD 0.27) for completing each of
the surveys (baseline, and 3-, 6-, and 12-month follow-up
surveys).

Intervention
The SMART-CBT program is a 6-week web-based training
course to provide CBT stress management skills, accessed by
using a URL through a PC or smartphone via the internet
(Multimedia Appendix 1). We did not develop a special app for
this program. The program is structured as six modules, with
one module given per week. Each module consists of a lecture
of about 10 minutes, followed by a module-specific exercise
(Table 1). In addition, a seventh module (a lecture only) was
developed to address coping with psychological stress due to
the COVID-19 pandemic, considering that the study will be
conducted while the pandemic is still ongoing. Unlike the other
modules, participants may access this COVID-19–specific
module any time after they start the program. Participants in
the control group, as well as the intervention group, will be able
to access in-house occupational health services or mental health
services from an outside-company employee assistance program,
through arrangements made by their companies (TAU
condition).
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Table 1. The structure and content of the machine-guided internet-based stress management program applying artificial intelligence technology based
on cognitive behavioral therapy (SMART-CBT).

Exercise (applied computational technologies)Lecture (number of webpages)Module themeModule number

Self-assessment of the levels of job stressors and psy-
chological stress reactions (machine-learning predictions
using linear and logistic regressions)

Concepts of stressors and stress reac-
tions; specific examples of stressors and
stress reactions (six pages)

The stress model and its com-
ponents

Module 1

To list components of the five-part CBT model based
on own experience or a fictitious case (button-based bot
and deep learning)

Five-part model of CBT; explanation of
each component using a fictitious sample
case (five pages)

The case formulation with the

five-part model of CBTa
Module 2

(1) To list candidate behaviors related to feeling better;
(2) to select behaviors based on the effect and feasibility;
and (3) to make a plan for behavior activation (button-
based bot with a prefixed scenario)

Theory of behavior activation; practical
tips to plan active behaviors; and
breathing techniques for relaxation (five
pages)

Behavior activation and relax-
ation

Module 3

(1) To describe events, thoughts, and moods; and (2) to
associate thoughts and moods (button-based bot and
deep learning)

Theory of cognitive restructuring; under-
standing of the theory with two fictitious
cases; schemas; and how to identify
thoughts behind moods (five pages)

Cognitive restructuring: (1)
awareness of the association
between thoughts and mood

Module 4

(1) To describe events, thoughts, and moods; (2) to as-
sociate thoughts and moods; (3) to find evidence that
supports the thought and that does not support the
thought; (4) to create balanced thinking; and (5) to
confirm improved mood (button-based bot and deep
learning)

Finding evidence that supports the
thought and that does not support the
thought; creating balanced thinking; and
monitoring changing mood (six pages)

Cognitive restructuring: (2)
changing mood by balanced
thinking

Module 5

N/AbPsychological theory of problem solving;
problems finding and problems shaping;
listing possible solutions; and review of
the outcome of an implemented solution
and improve the solution (eight pages)

Problem solving skillsModule 6

N/AStress due to COVID-19 outbreaks; intro-
duction of stress management techniques
(behavioral activation and cognitive re-
structuring); keeping a healthy lifestyle;
and seeking help if needed (four pages)

Coping with stress due to
COVID-19

Module COVID-
19 (accessible
anytime)

aCBT: cognitive behavioral therapy.
bN/A: not applicable; no exercise is available for the module.

Modules
Each of the six modules was developed for a specific learning
goal as follows: the stress model and its components in Module
1; case formulation with the five-part model of CBT in Module
2 [20]; behavior activation in Module 3 [21,22], with a brief
introduction to relaxation [23]; cognitive restructuring involving
awareness of the association between thoughts and moods in
Module 4; cognitive restructuring involving changing mood
through balanced thinking in Module 5 [24,25]; and problem
solving skills in Module 6 [26,27]. These topics are adopted
from our previous iCBT stress management program [18]. A
seventh module is included concerning stress and coping with
stress due to COVID-19.

Lectures
Each lecture is text-based, consisting of six to seven pages
including basic information about a topic, guided by a dialogue
among a psychology counselor, a healthy employee as a client,
and an AI avatar, Mr Smart, representing the system. No audio
or video lecture is used. These lectures were developed based
on our previous iCBT stress management program [18]. The
lecture in the COVID-19 module consists of four pages
providing information about stress profiles and lifestyle changes

during the COVID-19 pandemic, and introduces basic skills for
improving mental health and coping with stress due to the
COVID-19 pandemic, including the possible usefulness of
CBT-based approaches included in other modules of the
program [28], a healthy lifestyle, and help seeking [29,30].

Exercises
A unique feature of the program is that it includes fully
automated interactive exercises on the topic of each module,
following the lecture, in order to facilitate participants’
motivation to study, understand, and acquire skills relevant to
the topic. Each exercise starts with a brief summary of the
corresponding lecture, followed by automated interactive
learning sequences guided by a predetermined scenario, linear
regression prediction algorithm, or machine learning algorithm
set up in the system. No exercise was prepared for Module 6 or
the COVID-19 module.

Module 1 Exercise

For Module 1, after the lecture talks about the concepts and
specific examples of job stressors, stress reactions, and
long-term health outcomes, participants are asked to do a
self-assessment of the levels of job stressors and psychological
stress reactions. An 18-item questionnaire was developed that
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includes six three-item scales measuring job demands, job
control, supervisor support, coworker support, and positive
(vigor) and negative (depression) emotions, adopting scales and
items from an already established job stress questionnaire (the
Brief Job Stress Questionnaire) [31]. Five of the scales are the
same as the original scales; for the sixth, a depression scale was
constructed by selecting three of the six original items that
showed the highest factor loadings in a factor analysis of the
original scale. First, criteria were created to roughly classify
participants into five groups according to each scale score using
the national norm data as follows: low (<5%), low-average
(5%-24%), average (25%-74%), high-average (75%-95%), and
high (>95%). These criteria will be used to inform a participant
of his/her relative position in terms of each scale.

Job stressors and emotional reactions have been associated with
poor levels of health [32] and work performance [33]. Job
stressors may also have a spillover effect on family relationships
[34] and a crossover effect on the well-being of a family member
[35]. Informing participants of predictions regarding these
possible outcomes of one’s work and life based on the
self-assessment may motivate participants to engage in the
program or even reduce depression [36]. Data from a large
1-year follow-up online survey (n=2800, with a response rate
of 68%) of full-time employees conducted between 2018 and
2019 was used to develop a prediction model based on the above
six scales at baseline for achievement at work and personal
life-related outcomes. The former was measured on a
presenteeism item from the WHO Health and Work Performance
Questionnaire (range 0-10) [37,38], an item simply asking about
any successful event in the job (yes=1 or no=0), and an item
asking whether there had been any troublesome events at work
(yes=1 or no=0). Personal life–related outcome measures
included items regarding subjective health status
(excellent/good=1 or fair/poor=0), trouble in family relationships
(yes=1 or no=0), poor relationship with family (yes=1 or no=0),
and any undesirable event for a family member (yes=1 or no=0).
The model was developed using linear or logistic regression to
predict these outcomes at follow-up on the six scale scores,
adjusting for sex and age at baseline. A sum of regression
coefficients for the six scales that were statistically significant
was used as an index to indicate work performance or the
probability of each event 1 year later and was expressed on a
10-point scale. A personalized message will be displayed on
the screen with these predictions to inform the participant what
could happen in his/her work and personal life in the next year,
based on the current levels of job stressors and emotional
reactions.

Module 2 Exercise

For Module 2, which talks about the CBT case formulation,
two sequential exercises have been prepared to inform
participants about how to list each of the components of the
five-part CBT model (event, thought, mood, behavior, and
physical symptoms) [20]. In the first exercise, a case of an
employee experiencing a stressful event at work is introduced.
A participant is asked to classify 10 predetermined words related
to the condition of this person into the most appropriate group
for the four remaining components. The answer will be
automatically scored (0-10 points), and he/she will be presented

with another word, also with the correct answers. The participant
will be encouraged to repeat this exercise until he/she scores 8
points or higher. In the second exercise, participants will be
asked to fill in their own words for five boxes corresponding
to the five components. Participants may do this based on their
past experience or based on the case presented in the previous
exercise. Once a participant completes the task, his/her responses
will be automatically scored by an algorithm developed in terms
of the accuracy of his/her responses.

For this module, the algorithm was developed by applying the
long short-term memory (LSTM) model, one of the recurrent
neural network (RNN) models that has feedback connections
to deal with a series of pieces of information [39], such as a
sentence including a set of words, to existing data. A large
anonymous sample of 23,502 words or sentences reported for
the five components by users of an online depression self-care
program based on CBT was used (U2Plus, Cotree Co) [40]. The
five LSTM algorithms for each component of CBT (event,
thought, mood, behavior, and physical symptoms) judge whether
the sentences in each box were correctly filled in. For creating
supervised data, a total of 16 clinical psychologists rated each
word or sentence if it included the five components according
to the five-part CBT model [20]. The overall interrater reliability
among the 16 clinical psychologists for the initial 1200
words/sentences was 87.3% (range 83.3%-91.3% among the
pairs), and kappa was 0.714 (range 0.639-0.799 among the
pairs).

For the development, validation, and evaluation of the deep
learning algorithms, the supervised data were randomly divided
into training data (80% of the data, N=18,801) and test data
(20% of the data, N=4701), using the train_test_split from
Scikit-learn. Next, the words/sentences in the training data were
morphologically analyzed and counted by a Python program
package, Janome [41], and the top 7500 words were coded into
unique numbers. Other words were treated as out of vocabulary.
The coded words were embedded into the LSTM algorithms.
The sentence length was set to 20, and longer sentences were
cut into multiple sentences with fewer than 20 words.
Embedding size, hidden layer size, batch size, and the number
of an epoch of learning were set to 32, 32, 512, and 50,
respectively. A total of 20% of the training data was randomly
selected and used for the validation process. Adam was adopted
as an optimizer of the algorithms [42]. The learning rate was
set to 0.0001. To avoid overfitting, 20% of the neural network
was dropped out. Early stopping was implemented if the loss
value for a given learning epoch was greater than the loss values
for two previous consecutive epochs. After the validation
process, the classification performance of the LSTM algorithms
was tested for accuracy, sensitivity, and specificity, using the
test data. The performance of the five LSTM algorithms ranged
from 0.794 to 0.839 for accuracy, from 0.771 to 0.822 for
sensitivity, and from 0.847 to 0.902 for specificity. All of the
processes were implemented by Keras version 2.2.4 and
TensorFlow version 1.14.0 in Python. An input by a participant
to this exercise will be evaluated by the LSTM algorithm to be
scored 0% to 100% and categorized into four groups using the
sample data as a norm as follows: excellent (top 25%), good
(the second 25%), moderate (25% below the average), or fair
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(bottom 25%). A word or phrase is highlighted for attention if
it is judged by the algorithm to not be in an appropriate place.
In addition, tips for categorizing the four components in the
appropriate group will be shown on the screen. A participant
will be encouraged to redo the exercise if his/her score is not
in the top 25% and strongly encouraged to do so if the score is
in the bottom 25%.

Module 3 Exercise

In Module 3, which talks about behavior activation, there is an
exercise in which a participant can practice planning behaviors
that make him/her feel better, following the basic principle of
the behavioral activation treatment . First, he/she is asked to
type in a box on the screen behaviors that might make him/her
feel better. A total of 128 popular behaviors that might make
people feel better (eg, walking and listening to music) were
collected from 12 clinical psychologists, with ratings of the
degree of being easily executed and the possible effect on mood
for each behavior. A total of 33 behaviors not recommended
for behavioral activation (eg, drinking alcohol to excess,
gambling, etc) were also collected. The aforementioned large
online survey asked the 2800 respondents to rate whether each
of the 128 behaviors would make them feel better. A total of
40 behaviors that were endorsed by 1% or more of the
respondents for men or women were selected to be part of the
recommended list, because of the high diversity of the responses.
These behaviors were sorted by a sum of the ratings of the
degree of being easily executed and the possible effect on mood
by clinical psychologists.

The list is used to help a participant to list behaviors that might
make him/her feel better in the first part of the exercise, taking
into account the sex of the participant. Participants will be asked
to select up to three behaviors that they would like to try. Each
of these behaviors will be evaluated by using an algorithm to
be recommended or discouraged. This algorithm compares an
input word or phrase with words or phrases in the list of
recommended behaviors or that of nonrecommended behaviors.
If it matches, the algorithm will show a label of being
“recommended” or “avoided” for that behavior [43]. In the latter
case, a message will appear to suggest reconsidering engaging
in that behavior. In the next step, participants will be asked to
rate each behavior on the degree of ease of execution and its
expected effect on their mood using a scale from 0 to 10, and
then, the system will recommend the behavior with the highest
sum scores the most. Based on their preferences and the
recommendation from the system, participants will select one
behavior to set up a behavior activation plan, such as the date
and place to execute the behavior. They will be able to save the
plan to the system, and come back to review it later. An
additional option function will follow-up the adherence of
participants to the plan. Following the date set up to carry out
the plan, the system will ask participants if they have finished
the plan and how their moods have been changed by it. Based
on their responses, the system will provide the participants with
automatically generated comments and advise them to continue
the plan or change to another one.

Module 4 Exercise

In Module 4, which discusses cognitive restructuring (part 1)
and awareness of the association between thoughts and moods,
an exercise will help participants become aware of how their
thoughts and moods are associated. This exercise starts with 10
questions on schemas that may underlie maladaptive ways of
thinking (such as black or white thinking, overgeneralization,
etc) [22]. Participants will be asked whether these schemas
apply to their own thinking. The data will be stored in the system
for later use. Like the second exercise of Module 2, in this
exercise, participants will be asked to enter a stressful event or
situation, thoughts, and moods (three of the five components
of the CBT model) into corresponding boxes on the screen; they
will be permitted to do this exercise either based on their own
experience or by selecting one of five fictitious cases provided
by the system, or using previous saved data that they created in
the second exercise of Module 2. They will also be asked to
rate the extent to which they feel each presented mood on a
scale from 0 to 100. The responses in the three boxes will be
automatically scored by an algorithm developed by the authors
to assess its accuracy, with each one being scored 0% to 100%,
and categorized into four quartile groups using the sample data
as a norm. Participants will be encouraged to redo the input if
their score is not in the top 25%. In the next step, they will be
asked to select the most relevant thought and mood if there are
multiple ones. In the final step, they will be asked to think about
whether the selected thought and mood are associated, in other
words, if the mood would change if the thought changes. If the
participants confirm the association, the exercise ends. If not,
the participants will be asked to go back to the selection of
thoughts and moods and redo the exercise.

Module 5 Exercise

In Module 5, which discusses cognitive restructuring (part 2),
that is, changing mood through balanced thinking, an exercise
to cover all the steps of cognitive restructuring will be presented.
Participants will be asked to (1) fill in events, thoughts, and
moods; (2) select one thought that is most relevant to the mood;
(3) review the association between the thought and mood; (4)
describe evidence that supports the thought; (5) search for
evidence that does not support the thought; and (6) engage in
balanced thinking and monitor changes in mood. Steps 1 to 3
use the same components of the Module 4 exercise. In step 4,
participants will be asked to enter reasons that they think the
thought is true (ie, evidence that supports the thought), and
indicate their degree of confidence for the reason. Then, they
will be asked to enter evidence that does not support the thought,
which is sometimes a hard step for people.

A system was developed to help participants be aware of
evidence that does not support their thoughts in three ways.
First, refer to a list of 12 patterns of evidence that does not
support the thought, which was developed through extensive
discussion by a group consisting of clinical psychologists,
mental health researchers, and master’s and doctoral students
specializing in mental health, to classify patterns of 289 sets of
evidence that does not support the thought extracted from data
already collected from the five-part CBT case formulation
reported by participants in a previous iCBT program [18].
Second, considering that the use of old sayings may help in
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communicating therapeutic techniques with patients and
bringing about cognitive reframing in CBT [44,45], refer to a
selection of 50 well-known sayings rank-ordered by the
frequency of endorsement for possible effects on improving
mood or reducing stress calculated from data collected via an
internet survey of full-time employees (N=4120), expecting
that participants may find a new way of thinking beyond their
schemas by studying the philosophy underlying the saying.
Third, for schemes reported by participants in the Module 4
exercise, common tips to find evidence that does not support
the thought are suggested by the system, which were developed
through a discussion among clinical psychologists and mental
health researchers. Once words or phrases of evidence that does
not support the thought are entered, the participant is asked to
rate the degree of confidence for each word or phrase, using a
scale from 0 to 100.

The next screen shows all the information entered about the
event, the thought, the list of moods, the evidence that supports
the thought, and the evidence that does not support the thought.
Then, the participants will be asked to create statements that
reflect balanced thinking. Tips to help participants to create
balanced thinking will be provided if they request them. They
will also be able to ask the system to show a sample statement
of balanced thinking, which will be created by automatically
connecting a word/phrase of evidence that supports the thought
and a word/phrase for evidence that does not support the
thought, with the highest confidence rating.

In the final step of the exercise, after participants have created
the statement of balanced thinking, they will be asked to rate
their mood using a scale from 0 to 100. The system
automatically detects changes in mood from those entered in
the mood box before, and shows an “improvement” message
when mood improves. Finally, participants will be asked to rate
their overall mood change using a 4-point scale (a lot, to some
extent, not much, and not at all). If they rate their mood change
as a lot or to some extent, the exercise will end, with a
suggestion to keep the statement of balanced thinking and use
it in their daily life; otherwise, they will be encouraged to try

again with other evidence that does not support the thought or
with an alternative statement of balanced thinking.

Intervention Group
Participants in the intervention group will be invited to access
and study the SMART-CBT program for 10 weeks in total (ie,
a 6-week main study period followed by a 4-week review
period) after the baseline survey. Participants in the intervention
study may quit participating in or continuing the intervention
solely based on their decision. During the first 6 weeks, the
intervention group will be notified every Monday via email that
a new module is available for the study. When participants do
not complete a module by that Friday, they will receive an email
reminder to encourage them to complete the module. After the
initial 6 weeks, those who complete all six modules (except for
the COVID-19 module) will receive a weekly email to
encourage them to review the modules. If participants do not
complete any module (other than the COVID-19 module), they
will receive an email reminder to encourage them to review the
modules. Ten weeks after the baseline survey, the intervention
program will be closed.

Control Group
Participants in the control group will not receive any intervention
program during the study period. Participants in both the
intervention group and the control group will be able to use an
internal occupational health service and/or employee assistance
program service, depending on the policy of their workplace.
Participants in the control group will be provided a chance to
use the intervention program after the study period.

Outcomes
All outcomes will be measured by using online questionnaires.
Nonrespondents will receive a reminder email from the research
center to participate in the surveys. Outcome measures other
than the occurrence of an MDE will be assessed at baseline and
at two follow-up time points, 3 and 6 months after the baseline
survey. MDEs will be assessed at baseline, and 6- and 12-month
follow-ups. Table 2 provides an overview of the outcome
measures for each survey.
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Table 2. Outcomes to be evaluate in this study: measures and timing of measurement.

12-month follow-up
(T4)

6-month follow-up
(T3)

3-month follow-up
(T2)

Baseline (T1)MeasureOutcome

Primary outcome

NoYesYesYesBDI-IIaDepression

Secondary outcomes

NoYesYesYesK6bPsychological distress

NoYesYesYesFear of COVID-19
Scale

COVID-19 fear

NoYesYesYesAn original itemThe total number of sickness
absence days in the past 3
months

YesYesNoYesMINId depression
section: self-report

Major depressive episodesc

aBDI-II: Beck Depression Inventory II.
bK6: Kessler psychological distress scale.
cWhile major depressive episodes will be measured at 6- and 12-month follow-ups, the information will be combined to create a variable for major
depressive episodes during the 12-month follow-up.
dMINI: Mini-International Neuropsychiatric Interview.

Primary Outcomes
The primary outcomes of the study are depression and
psychological distress at 3- and 6-month follow-ups. Depression
will be measured with the Japanese version of Beck Depression
Inventory II (BDI-II) [46,47], a 21-item self-report inventory
of depressive symptoms in the past 2 weeks, with each item to
be scored from 0 to 3. The total scale score will be calculated
and used as a measure of the severity of depressive symptoms.

Secondary Outcomes
The secondary outcomes include psychological distress, fear of
COVID-19, sickness absence days at 3- and 6-month follow-ups,
and MDEs at the 12-month follow-up. Psychological distress
will be measured with the Japanese version of Kessler’s
psychological distress scale (K6) [48,49], a six-item scale of
psychological distress (depression and anxiety) in the past 30
days, with a response option range from 0 (none of the time) to
4 (all of the time). The total scale score will be used as an
indicator of the degree of psychological distress. Fear of
COVID-19 will be measured with the Japanese version of the
Fear of COVID-19 Scale (FCV-19S) [50,51], which is a
seven-item scale to measure fear reactions to the COVID-19
infection. Each item is rated on a 5-point scale (1-5), and the
total score (7-35) will be used as the measure of the degree of
fear of COVID-19. Sickness absence days in the past 3 months
will be measured using the following single-item question [37]:
“How many days did you miss an entire work day because of
problems with your health during the past 3 months? (please
include only days missed for issues with your own health, not
someone else’s health.).” The presence of a MDE will be
measured with a self-report scale developed based on the MINI
[52] according to the Diagnostic and Statistical Manual of
Mental Disorders-5 criteria [53]. The same set of nine questions
from the MDE section of the MINI will be used to assess
whether a participant has had a MDE in the past 12 months,

followed by questions on the onset and the most recent time the
participant has had symptoms of a MDE in the past 12 months.
The sensitivity and specificity of this instrument for the clinical
diagnosis of major depression were reported as 0.86 and 0.67,
respectively, in a sample of psychiatric outpatients (n=31) in a
pilot study. The self-report MINI for MDEs will be measured
at 6- and 12-month follow-ups, as well as at baseline. Combining
participants’ responses to these two follow-up surveys, any
MDE reported after baseline and the timing of onset (number
of months since baseline) will be used as the MDE outcome
during the 12-month follow-up period.

Process Evaluation
Information on the usage of the intervention program by
participants in the intervention group will be collected from the
records of the program. Questions will be asked in the baseline
and follow-up questionnaires to gather information about
respondents’self-reported knowledge and self-efficacy regarding
stress management in general, as well as the CBT components
of the program (cognitive restructuring, behavioral activation,
assertive communication, problem solving, and relaxation
training) as follows: for knowledge, “how much knowledge do
you have about…” and for self-efficacy, “how confident are
you that you can do….,” with a 5-point scale ranging from 0
(none) to 4 (enough) [18].

Implementation Outcomes
Implementation outcomes will be measured with the user version
of the Implementation Outcome Scales for Digital Mental Health
(iOSDMH) (unpublished study "Implementation Outcome Scales
for Digital Mental Health (iOSDMH): a scale development and
cross-sectional study" by Sasaki et al, 2021), a 19-item scale,
with a 4-point Likert-type response option, as follows: three
items for acceptability, four items for appropriateness, six items
for feasibility, five items for harms, and one item for overall
satisfaction. Participants in the intervention group will be asked
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to complete the questionnaire online at the 3-month follow-up.
Participants in the intervention group will also be asked
additional questions regarding the reasons for not participating
in the program or discontinuing the program if they do so.

Demographic and Other Characteristics
Demographic data, such as sex, age, education, marital status,
occupation, type of employment contract, type of work shift,
frequency of remote work (working from home), treatment of
chronic physical conditions and mental disorders, and overtime
hours during the past month, will be collected.

Sample Size Calculation
The required sample size was calculated for one of the outcome
variables, ie, depressive symptoms assessed by BDI-II. Previous
meta-analyses of web-based universal prevention psychological
interventions for improving depression and anxiety in the
workplace yielded a summary effect size of 0.25 [8]; our
previous study of a guided universal prevention iCBT program
among workers reported a smaller effect size on depression
(d=0.16) at a 6-month follow-up [18]. To detect a minimal effect
size of 0.15 at an alpha of .05 and a power of 0.80, the estimated
sample size is 699 participants in each group. The statistical
power was calculated using the G*Power 3 program [54].

Randomization
Participants who meet the inclusion criteria will be randomly
allocated to the intervention or control group, as well as stratified
into two groups based on BDI-II scores at baseline (≥14 or <14)
[46]. An independent biostatistician will generate a stratified
permuted block random table by using SAS (SAS Institute Inc).
The stratified permuted-block random table will be password
protected and blinded to the researchers, and sent to the CRC
by an independent research assistant. The assignment will be
conducted by the CRC.

Statistical Methods

Effectiveness of the Intervention
For the primary and secondary outcomes, except for MDEs, a
mixed model analysis for repeated measures will be used to test
the intervention effect (group × time interactions) for 3- and
6-month follow-ups in the total sample (universal prevention),
on an intention-to-treat basis. This model will handle and impute
missing data with restricted maximum likelihood estimation
assuming missing values at random. Effect sizes (Cohen ds)
and 95% CIs at 3- and 6-month follow-ups will be calculated
among those who complete the baseline and follow-up surveys.
For MDEs at the 12-month follow-up, a Cox proportional hazard
model will be used to estimate the preventive effect of the
intervention program on MDEs. All statistical analyses will be
conducted using SPSS Statistics v26.0 (IBM Corp).

Subgroup Analysis
The effectiveness of the program may be greater for participants
with depression at baseline. We will conduct similar mixed
model analyses for the effectiveness of the program among a
subgroup of symptoms of depression at baseline (with a BDI-II
score of ≥14; indicated prevention).

Data Monitoring
A data and safety monitoring board will consist of a chair and
two members, independent of the research team. The board will
meet every 3 months after the first participants are randomized.
The purpose of the meetings will be to review the report
prepared by the CRC to monitor recruitment progress and data
collection.

Ethical Considerations
The researchers carefully developed the aims, design, and
specific procedures of the study, and submitted a research
application to the Research Ethics Review Board of the Graduate
School of Medicine/Faculty of Medicine, The University of
Tokyo. The board approved the application after a careful review
and an interview with the researchers (number 3083-(6)).
Informed consent will be obtained by the CRC from all
participants included in this study after full disclosure and
explanation of the purpose and procedures of the study.
Candidate participants will be informed that their participation
is totally voluntary, that even after voluntarily participating they
can withdraw from the study at any time without stating the
reason, and that neither participation nor withdrawal will cause
any advantage or disadvantage to them. We expect no adverse
health effects from this intervention, except possibly slight
deterioration in depressive/anxiety symptoms [11]. We will
provide an emergency phone number and email address at the
research office. A research assistant will deal with the
emergency calls or emails first and then consult with the clinical
supervisor (NK) to provide appropriate care.

Data Confidentiality
Participants will complete baseline and follow-up online
questionnaires on a specially designed website. Researchers
will not know any personally identifying information about
them; only the CRC will know this information. Collected data
from the questionnaires will be anonymized, linked, and stored
in a password-locked file by the CRC and sent to the researchers
at the University of Tokyo (NK, KW, KI, and NSasaki) for
further analysis.

Results

At the time this paper was submitted, the study was at the stage
of recruitment of participants. The analysis of data will begin
in January 2022 for the outcome variables, expect MDEs, and
in July 2022 for MDEs. We expect to publish the results in 2022
or 2023.

Discussion

Strength of the Study
The strength of this study is its investigation of the effectiveness
of a fully automated machine-guided iCBT for improving the
subthreshold symptoms of depression among workers using an
RCT design. The machine-guided iCBT is designed to
incorporate several functions that were achieved by therapist
support in previous guided iCBT programs [18], but are
achieved by applying regression models, a scenario-based
chatbot, and deep-learning technologies. The machine-guided
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supports would enhance the effects of an iCBT program on
depression alleviation and other outcomes to a level equivalent
to or greater than that for guided iCBT programs.

Exercises after lectures (or homework assignments) are an
important part of CBT, and they help participants practice
skill-based knowledge learned in the session [55]. The present
machine-supported iCBT provides participants with
opportunities to practice cognitive restructuring skills guided
by the AI algorithm, instead of a therapist. More specifically,
the algorithms will be used to train participants to correctly
distinguish concepts of the five-part CBT model, such as events,
thoughts, moods, physical symptoms, and behavioral reactions.
Another important CBT component of the present iCBT program
is behavior activation, where practicing skills in real life is
important for improving negative mood [21,22]. In the exercise
for Module 3, a step-by-step procedure guides participants to
list candidate behaviors, reconsider avoidance behaviors, select
behaviors for practice in real life, set up a behavioral activation
plan, and review and revise the plan afterwards, just like a
procedure taken by a therapist [43,56], where machine-guided
functions help participants to complete each step. These
functions would encourage participants to practice behavior
activation skills more frequently and intensively compared to
an unguided self-help iCBT program where participants only
read instructions on how to make a behavior activation plan
[57].

The other function included in the present iCBT program is
self-assessment of work-related stressors and emotional states,
which also gives participants future projections of work-related
and personal life–related outcomes based on the results of the
assessment (Module 1), using regression models developed
based on a large database. This would not only help participants
to understand the concepts of the components of a stress model,
but also increase their awareness of their own stress levels and
motivate them to engage in the program. This may enhance the
effectiveness of the present iCBT program on depression
alleviation by enhancing participants’ engagement in the
program [58] or through improved self-monitoring for stress
[36].

Dissemination of the Findings
A fully automated machine-guided iCBT program requires less
involvement of mental health specialists such as psychologists.
It can be provided at a low cost in a low-resource setting in
which trained practitioners are seldom available. Thus, the
present fully automated machine-guided iCBT program has a
lot of potential for dissemination as a practical tool for the

prevention of depression in small- and middle-sized enterprises,
and also in the workplace in low- and middle-income countries
that do not have a well-organized training system for CBT
counselors. Once we find the machine-guided iCBT sufficiently
effective, it will contribute to the dissemination of a stress
management program to a large number of workers to improve
depression online at a low cost in the COVID-19 era where
close social contact is limited.

The main findings of this study will be disseminated via
publications in peer-reviewed international journals. Study
findings will also be presented at scientific conferences. If the
present program is found to be effective, a future plan to
disseminate the program to a large number of workers in the
workplace will be discussed with the government, nonprofit
organizations, and corporations.

Limitations
The major weaknesses of this study include that the study will
not directly compare the effect of the machine-guided iCBT
with that of a therapist-guided iCBT. While we can compare
the effect size obtained from this study with past ones (Cohen
d=0.16 to 0.25) [8,18], the comparison may be biased by
differences between the studies in terms of the characteristics
of participants, timing of the study, and other situational factors.
The other weakness is that the machine-guided program
developed in this study is not fully featured in terms of AI
technologies. For instance, the program does not have a function
to conduct natural conversations between a user and the system;
additionally, the program is programmed based on machine
learning of big data, but once fixed, the program will not learn
any more to optimize the algorithm. The other problem related
to the study design is that we will test the effectiveness of the
program in healthy full-time workers. Thus, the study will not
provide evidence for part-time workers. The study will not
consider differences in work-related characteristics and major
sources of stress among occupations. However, the study will
provide a preliminary, but necessary, step toward establishing
a machine-guided iCBT approach for preventing depression.

Conclusion
This is the first study to investigate the effectiveness of a fully
automated machine-guided iCBT program applying AI
technologies for the improvement of the symptoms of depression
among workers, using an RCT design. The study will explore
the potential of the machine-guided stress management program
that can be disseminated online to a large number of workers
with minimal cost in the post–COVID-19 era.
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Abstract

Background: Romantic relationships play a critical role in adolescent development, and by middle adolescence, most young
people have been involved in at least one romantic relationship, a context in which most sexual interactions occur. Research
suggests adolescents lack positive models and skills related to building healthy relationships.

Objective: This project aims to test the impact of an innovative healthy relationships intervention, called About Us, implemented
in school-based health centers (SBHCs) in California in a randomized controlled trial.

Methods: About Us is being tested using a 7-site, 2-group, parallel randomized controlled trial with a treatment versus control
allocation ratio of 3:2 to assess the impact of the intervention relative to the standard of care among adolescents aged 14 to 18
years. Adolescents with active parental consent provide study assent at each of the 3 survey time points: baseline, 3 months
postintervention, and 9 months postintervention. A stratified randomization procedure was used to ensure balance in key covariates
and screening criteria across intervention groups. Through benchmark intent-to-treat analyses, we will examine the primary
outcome of this study—the impact of About Us relative to the standard of care 9 months following the end of the intervention
on the prevalence of vaginal or anal sex without condoms in the past 3 months. The secondary outcomes are four-fold: what is
the impact of About Us relative to the standard of care 3 and 9 months following the end of the intervention, on (1) the prevalence
of abstinence from vaginal or anal sex in the past 3 months, (2) composite scores of relationship communication and positive
conflict resolution among participants involved in a relationship at baseline, (3) the prevalence of SBHC service use or information
receipt in the past 3 months, and (4) composite scores of condom use intentions and attitudes regarding condoms and other birth
control? Additionally, as part of our sensitivity analyses, two additional analyses will be implemented: modified intent-to-treat
and complete case analysis.

Results: This project (ClinicalTrials.gov #NCT03736876) was funded in 2016 through the Family Youth Services Bureau as
part of the Personal Responsibility Education Innovative Strategies program. Baseline data collection took place between February
2018 and March 2020, yielding a total of 5 cohorts and 533 study participants: 316 assigned to treatment and 217 assigned to
control. Ongoing follow-up data collection continued through May 2021.

Conclusions: About Us draws on developmental science to create a contextually and developmentally relevant program that
addresses motivation and emotional influences in sexual decision-making. The intervention was designed for implementation
within SBHCs, an understudied venue for relationship and sexual health promotion interventions. Unfortunately, COVID-19
pandemic restrictions led to school closures, interrupting ongoing programming, and in-person follow-up data collection, which
has affected study attrition.
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Introduction

Background and Rationale
Romantic relationships play a critical role in adolescent
development [1]. By middle adolescence, most young people
have been involved in at least one romantic relationship [2], a
context associated with greater odds of sexual intercourse [3]
and in which most sexual interactions occur [4]. Research
suggests adolescents lack positive models as well as norms and
skills related to building healthy relationships [5]. Nonetheless,
developmental psychologists emphasize that adolescence
represents a new period in which past models of relationships
may be reshaped, priming young people for healthier adult
relationships [6]. Additionally, research suggests adolescents’
views on relationships may be influenced by discussions with
peers [7], highlighting the importance of promoting positive
normative beliefs and sexual behavior within the context of
relationships.

Opportunities for sexual experimentation and status attainment
are often at the forefront of adolescents’ initial views of romantic
relationships [8], providing leverage points for interventions to
guide adolescents in setting sexual boundaries and identifying
potentially unsafe sexual situations. Accordingly, adolescents
with experience in relationships are primed for prevention
programs that address critical relationship skills, such as
communication in intimate relationships and navigating different
sexual boundaries. Using a targeted approach that involves
identifying and engaging adolescents with increased
vulnerabilities maximizes resources and prioritizes serving them.
This project centers on promoting healthy relationships and
expanding the typical prevention education foci in sexual health.

Focusing on romantic relationships aligns with developmental
science underscoring the importance of relationships in
adolescence. Because of continued disparities in sexually
transmitted infections (STI) and unintended pregnancies in the
United States, there remains a need for addressing pregnancy
and disease prevention. Among adolescents aged 15 to 19 years,
the teen birth rate declined 7% from 2017 to 2018, from 18.8
to 17.4 births per 1000; however, the teen birth rate remained
approximately twice as high for Hispanic and Black teens
compared to non-Hispanic White teens [9]. Additionally, 75%
of teen pregnancies are unintended [10,11]. Further, rural
counties observe higher teen birth rates compared to urban and
suburban areas [12]. Very few evidence-based program models
addressing sexual risk have been developed and tested with
targeted populations, such as Hispanic adolescents or those
residing in more rural areas [13,14].

Not all young people are at equal risk of experiencing an
unplanned pregnancy or STI. Indeed, some contextual factors,
such as experience with romantic relationships or even exposure
to violence, place adolescents at greater risk for engaging in
sexual activity, including unprotected (eg, condomless) sex that
could lead to an unplanned pregnancy or STI. In addition,
exposure to violence, both directly and indirectly, is associated
with risky behaviors (eg, unprotected sex), lack of self-efficacy,
anxiety, depression, challenges developing and maintaining
healthy relationships with prosocial peers, and increased
associations with peers who endorse unsafe norms and behaviors
[5,15]. Estimates suggest that 60% of children and adolescents
younger than 18 years have been exposed to at least one form
of violence in the previous year [16], meaning these adolescents
are at increased vulnerability for other poor outcomes.

Most existing evidence-based programs (EBPs) for adolescents
are delivered in community-based settings or schools (eg,
Making Proud Choices; Reducing the Risk) [17,18]. A few are
delivered through health clinics (eg, Seventeen Days) [19], but
none to our knowledge have been developed and tested expressly
for implementation via school-based health centers (SBHCs).
SBHCs are clinics initially created in response to adolescent
health needs that operate on or near school campuses and
provide a range of age-appropriate health-related services to
adolescents. Today, most SBHCs also offer a comprehensive
array of services, including primary care, mental health services,
and health education. In most high school SBHCs, reproductive
health is a core service [20]. As SBHCs become more common
across the United States, the role SBHCs play in prevention and
health promotion interventions will also grow in
importance [21]. SBHCs are uniquely positioned, both
physically and philosophically, to reach young people. SBHCs’
location on or near a school campus offers easy access to large
groups of adolescents. More importantly, however, SBHCs
focus on building trust and meeting young people “where they
are” developmentally. Thus, SBHCs offer a unique opportunity
to deliver health interventions that integrate prevention education
and clinical care [20].

This original paper outlines the rigorous evaluation of About
Us, an innovative healthy relationships intervention implemented
in SBHCs to reduce the prevalence of unprotected sex and
promote stronger relationships among adolescents facing
disparities in sexual health outcomes.

Intervention
Developed from a piloted intervention, About Us is an
innovative healthy relationships intervention that promotes
positive adolescent romantic relationships, condom use, and
highly effective contraceptives if participants are having sex.
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The program includes 10 lessons (2 lessons are 30-45 minutes
long and 8 are 50 minutes long) that blend group-based activities
with online activities implemented in a small group format with
students in grades 9 or 10 who have parental consent and provide
assent to participate.

About Us draws on the latest research on developmental
neuroscience to shape content and strategies. Part of the
innovative design of About Us stems from the use of positive
youth development (PYD) principles and adolescent
development literature as core elements that are foundational
to the curriculum. PYD is a strength-based approach used to
promote adolescents’prosocial competencies and skill-building
related to their positive health and well-being [22]. The
adolescent development literature, such as that reported by
Collins [23], guides the relationship development content and
helps ensure it is age-appropriate.

The program also draws on dual-process theories to address
socioemotional well-being and cognitive influences on sexual
decision-making [24]. For example, in a lesson on correct and
consistent condom use, the program addresses adolescents’
explicit intentions to use a condom during sexual intercourse
and has them explore which circumstances might precipitate
their decision to have sexual intercourse without condoms,
prompting them to recognize and navigate these experiences to
avoid condomless sex. Finally, the program draws from social
cognitive theory [25], both in terms of key constructs in skill
acquisition, such as building self-efficacy or confidence in one’s
ability to perform a behavior and shaping the process of learning
through observational learning or modeling during instruction.
Bandura [25] posited that self-efficacy is influenced in 4 ways:
mastery experiences (successful completion of a task), modeling
(observing others similar to oneself perform a task successfully),
social persuasion (information from others that one can perform

a task successfully), and physiological arousal states
(information from one’s physiological state, such as anxiety).
The program draws on these strategies in the skills-based
sessions to maximize its impact on self-efficacy. For example,
to apply the concept of mastery experiences, the program
includes role-play exercises in which adolescents practice in
context (small groups and online) and receive feedback on their
use of the skills.

Each About Us session includes an initial soap opera-like story
to build interest and illustrate key concepts, 2-3 group-based
activities with reflection, individual app-based work on
computer tablets (to allow for personalization of the content),
and a group-based debrief to reflect on the session and reinforce
key messages. To maximize the relevancy of the content and
strategies, we engaged adolescents in developing the About Us
curriculum, and they contributed to its naming, cast of
characters, and storylines.

For this study, the group-based content was delivered by trained
facilitators (eg, health educators) from participating SBHCs.
The app-based content was housed on a secure website and
accessed through tablets with unique logins for each participant.
Online activities were completed individually during each
session (eg, completing a poll or watching and responding to a
brief video). Several lessons also included homework activities
that encouraged communication between students and a caring
adult. Additional details of About Us are displayed in Table 1.

Participants assigned to the treatment group attended group
sessions at the designated space. Health educators followed up
with students who missed a session to engage them and remind
them of the next session. Participants assigned to the treatment
group received a US $30 incentive if they attended 6 or more
sessions.
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Table 1. About Us intervention components.

SettingWho deliversContentAmount, duration, and intend-
ed dosage

Component

During school (students
pulled out of class to come
to the health center or other
agreed-upon space on the
school campus).

Trained health educators from
the school-based health centers.

Characteristics of healthy and
unhealthy relationships, commu-
nication skills (having difficult
conversations, such as sexual
consent, sexual boundaries, and
condoms; using “I” statements);
personal and sexual boundaries
and sexual consent; condom and
contraceptive use; influences on
sexual decisions in relationships;
ending relationships.

10 (2 prelessons and 8 regular
lessons) over 4-9 weeks for a
total of 10 hours of program-
ming.

Group-based ses-
sions

Same as above.Trained health educators from
the school-based health centers
will prompt and support students
using the tablets and the applica-
tion during the group sessions.

Same as above; online activities
allow for the review and applica-
tion of key concepts and the per-
sonalization of content for each
lesson.

Approximately 15 minutes in
each regular lesson; students
are able to revisit content
from prior lessons outside of
group sessions during the im-
plementation period.

Online work dur-
ing regular
group-based ses-
sions

These were assigned during
the program implementa-
tion, but the setting for
completion was out of
school.

Trained health educators “as-
sign” homework activities as part
of the group-based sessions;
adolescents are asked to bring
back a sign-off sheet acknowledg-
ing they completed the activity,
which will be included in the
implementation log.

Brief conversation-based home-
work activities focused on
healthy relationship values and
influences related to sexual expec-
tations in relationships.

2 homework activities.Parent/other
adult-adolescent
homework

Study Objectives
The overall goal of this project is to test the impact of the About
Us blended learning healthy relationships intervention,
implemented in SBHCs in a randomized controlled trial (RCT),
on reducing unintended pregnancies and STI in adolescents
facing disparities in sexual health outcomes.

Research Questions and Hypotheses
1. During the 9 months following the end of the program,

what is the impact of About Us relative to the standard of
care on the prevalence of vaginal or anal sex without
condoms in the past 3 months? We hypothesize that at the
final follow-up, the prevalence of self-reported unprotected
vaginal or anal sexual intercourse (ie, without condoms) in
the past 3 months will be lower among adolescents in the
intervention group than students in the control group.

2. During the 3 months and 9 months following the end of the
program, what is the impact of About Us relative to the
standard of care on (1) the prevalence of abstinence from
vaginal or anal sex in the past 3 months, (2) composite
scores of relationship communication and positive conflict
resolution among participants involved in a relationship at
baseline, (3) the prevalence of school-based health center

service use or information receipt in the past 3 months, and
(4) composite scores of condom use intentions and attitudes
regarding condoms and other birth control? At each
follow-up, we hypothesize that, compared to the control
group, students in the intervention condition will have: (1)
a higher prevalence of sexual abstinence in the past 3
months, (2) higher composite scores showing stronger
relationship communication and more positive conflict
resolution (3) a higher prevalence of SBHC services
utilization or information receipt, and (4) higher composite
scores showing stronger intentions and more positive
attitudes regarding condom use and other forms of birth
control.

Methods

Study Design Overview
This study is a 7-site, 2-group, parallel RCT with a treatment
versus control allocation ratio of 3:2, assessing the impact of
the About Us program relative to the standard of care among
adolescents aged 14 to 18 years. Figure 1 summarizes study
screening, eligibility assessments, enrollment, randomization,
and follow-up results.
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Figure 1. CONSORT diagram for the About Us evaluation (as of October 2020).

Study Funding and Ethics Approval
This study was funded in 2016 through the Family Youth
Services Bureau (FYSB) as part of the Personal Responsibility
Education Innovative Strategies (PREIS) program as an award
to ETR. This project was approved by the San Diego State
University (SDSU) institutional review board (IRB) in March
2017. In June 2020, Indiana University approved an IRB reliance
(protocol 2004100675) on the SDSU IRB approval (protocol
HS-2017-0121). The study is registered with clinicaltrials.gov
(NCT03736876).

Study Setting
This project was implemented in 7 SBHCs in rural or suburban
communities throughout California with large Hispanic
populations. The California School-Based Health Alliance
(CSHA) assisted the About Us project team in recruiting
participating sites and supporting the clinic screening process

used as part of assessing eligibility. The CSHA supports the
entire network of SBHCs in California.

Eligibility Criteria
Students in the 9th and 10th grades between the ages of 14 and
18 years were eligible to participate if they met at least one of
two eligibility criteria: (1) had ever witnessed a serious injury
or homicide or (2) had a girlfriend, boyfriend, or partner before
or during the study consent process (prior or current experience
with a romantic relationship). In addition, a student would be
considered ineligible if a sibling or step-sibling had already
enrolled in the study to avoid contaminating participants in
different conditions.

Recruitment

Power Analyses
For a statistical power of 80%, to detect a 9% difference (effect
size: prevalence ratio=0.74, 95% CI 0.60-0.91 equivalent to an
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odds ratio [OR] of 0.65 or Cohen’s d=0.24) in the prevalence
of condomless sex at 9 months between intervention and control
group participants with an allocation ratio of 3:2, we needed to
have a sample size of 508 and 339 subjects in the intervention
and control groups, respectively, based on a simple two-tailed
proportion difference test at a Type I error of 5%.

We selected a minimum detectable effect of Cohen’s d=0.2.
The rationale for this selection is two-fold: (1) in our R21 pilot
test of a less robust version of the About Us curriculum with a
very small (<100) sample, we achieved an estimated effect size
of d=0.15 for our unprotected sex outcome, and (2) in a
meta-analysis of group-based pregnancy or STI interventions,
the average effect size across multiple studies was OR 0.70,
which corresponds to a small Cohen’s d=0.19 [26,27].

Screening
Study sites administered a grade-wide or school-wide screening
questionnaire to assess adolescents’ exposure to violence and
relationship status (two of the eligibility criteria noted above).
For screening, sites used a variety of customized approaches
based on their school protocols. All of the sites opted to include
additional items on their screening questionnaires to learn more

about the general health and well-being of 9th or 10th grade
students (eg, “Do you have a primary doctor?” or “Do you eat
fruits and vegetables daily?”).

Consent and Assent Process
Per California law, we sought active parental consent for study
participation through either a signed copy of the consent form
or verbal confirmation via telephone calls (by research staff)
when there was a parent signature, but the permission checkmark
was ambiguous. Consent forms were available in both English
and Spanish. The consent process began in one of two ways:
(1) either an in-class presentation about the study was delivered
by an SBHC representative or (2) students who met the
screening criteria were sent invitations through a required class
at school to attend an informational event, where, if interested,
they received more information about the study, and parental
consent forms were distributed. A single high school differed
from other sites in that it provided consent forms to students
ahead of the screening procedure. Students were informed that
they would receive a US $10 incentive for returning a parental
consent form regardless of their parent's decision. They were
directed to return parental consent forms to their respective
SBHC.

For students whose parents provided study consent and met the
screening criteria, site liaisons compiled an eligibility log with
the following data: student’s last name, first name, and middle
initial; student ID (optional); student’s sex assigned at birth;
student’s reported gender identity; the number of screening
criteria met (selected from a dropdown menu); school (selected
from a dropdown menu); agency (selected from a dropdown
menu); whether students have a sibling or step-sibling at the
school; and whether that sibling participated in About Us in the
past (criterion for exclusion). Evaluation data collectors (EDCs)
used this log onsite to determine which students were fully
eligible for the assent process.

The study’s EDCs administered the study assent process on the
day of the baseline survey administration at a given site. At the
time of assent, prospective participants of consenting parents
who met all the other eligibility criteria and agreed to study
participation were enrolled in the study.

Baseline Data Collection
At the time of assent and prior to randomization, adolescents
completed the baseline survey on a self-administered tablet
device via the Qualtrics Offline Surveys application (version
1.4.06) [28]. Following survey administration, EDCs promptly
uploaded responses to the QualtricsXM server as soon as a
secure internet connection could be achieved. EDCs were
provided Verizon Jetpack MiFi devices (7730L and 8800L) for
this purpose.

Participants were enrolled and completed baseline surveys on
a rolling basis during the spring and fall semesters of 2018 and
2019 and spring of 2020. The targeted enrollment was
approximately 173 students per site over 5 semesters (34 to 35
students per semester) for a total of 865 students.

At the completion of baseline surveys for a given cohort at a
given site, the EDCs submitted a baseline survey administration
log to the evaluation project manager for review and transferred
data to the evaluation statistician for randomization into either
About Us (intervention) or standard of care (control).

Baseline data collection consisted of two separate instruments:
a computer tablet-based survey designed to capture adolescent
knowledge, attitudes, and experiences regarding sexual behavior,
contraception, STI, and HIV/AIDS; and a brief survey that
collected contact information for study follow-up purposes.
EDCs were selected and trained by the evaluation team to
represent the study in the local communities and schools within
which About Us was being implemented and evaluated.

Randomization
Following baseline survey completion, eligible adolescents who
had already received parental consent and assented to study
participation were randomized to either the intervention or
control group.

To assign participants to study groups (intervention or control),
we used a stratified permuted block randomization procedure
to ensure balance in key covariates and experience factors across
intervention conditions given our need to randomize in smaller
cohorts within schools by semester (ie, blocks). Specifically,
eligible and consented adolescents were subdivided into strata
defined by the sex assigned at birth (male or female) and
whether they had one or two of the screening experience factors,
followed by permuted block randomization for each stratum.
Within each stratum, participants were assigned to either the
intervention or control group using a 60/40 split. The goal was
to create a balance of sex assigned at birth and experience factors
to ensure that the intervention and control groups had an equal
distribution of these factors that may affect our primary outcome
of interest (ie, having vaginal or anal sex without condoms). In
other words, the stratification was done to avoid the potential
imbalances or confounding due to the sex assigned at birth and
the number of baseline experience factors.
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Students randomized to the control group received business as
usual (BAU) care only. Students assigned to the control group
received no special services beyond BAU provided through the
schools. To measure the control group experience, we included
a set of general exposure items on the impact survey to assess
self-reported dosage from or exposure to teen pregnancy
programming or sex education during the study period in the
school and community (eg, have you had a guest speaker come
to your school to provide any of the following information:
abstinence information, sexuality information, pregnancy
prevention information, STI or HIV information, etc). We also
collected data from our schools (on a “needs and resources
assessment”) to evaluate content from BAU education during
the study period using a brief, web-based survey collected from
our site liaisons and the schools’ health education teachers.

Random assignment duties were limited to the study statistician
and conducted within one week of baseline data collection at a
particular study site. A participant’s random assignment to the
intervention group was communicated to the evaluation project
manager, who then transmitted this information to the respective
SBHCs study site coordinators.

Follow-up Data Collection
Follow-up surveys were administered at 2 separate time points
following the completion of the About Us intervention
(approximately 3 months and 9 months postprogram
implementation). Similar to baseline data collection for cohort 1
(spring 2018), cohort 2 (fall 2018), and cohort 3 (spring 2019),
most follow-up surveys were conducted in-person on school or
SBHC grounds. Upon receipt of a signed assent form,
adolescents completed the survey on a self-administered tablet

device via the Qualtrics Offline Surveys application and in the
presence of an EDC. For any adolescents who transferred or
were absent, a follow-up contact protocol was used to locate
and provide an opportunity to complete the survey. Specifically,
using contact data provided by the adolescent at the baseline or
3-month survey, EDCs would undertake a series of contacts
through email, text message, cell phone calls, home phone calls,
and/or social media messaging, sending the adolescent a unique
link to the follow-up survey. Adolescents received a US $10
incentive for each survey completed up to the end of March
2020.

Follow-up surveys for cohorts 4 and 5 were affected by the
COVID-19 pandemic due to school closures and travel
restrictions preventing evaluation staff from traveling to study
sites to administer the surveys. As a result, the study team
adopted an online follow-up protocol as the primary approach
to administering follow-up surveys and increased the online
survey incentive to US $25, as the literature shows this amount
is more effective in increasing response rates [29].

Throughout the study and depending on whether the cohort was
surveyed during the pandemic, it was possible for participants
in both the intervention and control groups to receive incentives
totaling as little as US $10 and as much as US $60. Survey
incentives offered to all participants were different than program
incentives offered only to those in the intervention group who
completed About Us program sessions.

Measures
Primary measures to be analyzed are listed below in Textbox
1. All secondary measures to be analyzed along with sources
are provided in Multimedia Appendix 1 [30-36].

Textbox 1. Behavioral outcomes used for the primary research question.

Outcome name: Condomless vaginal or anal sex in the past 3 months (core measures for Personal Responsibility Education Innovative Strategies
grantees) [36].

Source item(s):

• When you had vaginal sex in the past 3 months, how often did you or a partner use a condom? Vaginal sex is when a penis is put in a vagina.

• When you had anal sex in the past 3 months, how often did you or a partner use a condom? Anal sex is when a penis is put in a rectum, ass, or
butt.

• Original response options for vaginal or anal sex include 1 (all of the time), 2 (some of the time), or 3 (none of the time).

Constructed measure:

• Construct a single, dichotomous outcome coded as 1 if the respondent indicated they had vaginal or anal sex without a condom in the past 3
months, 0 if they did not, or missing otherwise.

• To be recoded into a single dichotomous variable (vaginal or anal sex) with response options as follows: 0=all of the time (1), as well as participants
who reported not having vaginal or anal sex in the past 3 months; 1=some (2) or none of the time (3); and (?)=missing response for vaginal or
anal sex without a condom in the past 3 months.

Timing of measure: 9 months following the completion of the program.

Data Cleaning

Phase I
Data cleaning is being implemented in three phases. At the
baseline, 3-month, and 9-month surveys, the evaluation team
engages in a screening process beginning during data entry and
using built-in checks for participant entries via Qualtrics. We

are using predefined expectations about normal ranges (eg, aged
14 to 18 years), flagging of dubious data entry and patterns (eg,
using prompts to confirm an entry), and skip patterns (eg, if
students reported having been in a relationship, they received
an additional branch of questions not given to those who never
were in a relationship).
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After retrieving Qualtrics data from each participant survey
from the EDCs, project staff transfers the files to a
password-protected shared drive. Participant data are transferred
and warehoused in SPSS (version 27; IBM) by data wave (ie,
baseline, 3 months, and 9 months). Using SPSS, we are recoding
variables, creating new variables (eg, check-all variables, such
as race and sexuality, recoded into one categorical variable),
and labeling and formatting variables for analysis.

For each data wave and merged data sets, data are checked to
ensure they meet predefined range expectations, logical skip
patterns, and consistency checks and missing data patterns by
examining variable descriptive summary statistics (eg,
minimum, maximum, mean, median, and SD), frequency
distributions, cross-tabulations, and graphical explorations of
variable distributions (eg, box plots, histograms, and scatter
plots). Data are also checked against expected data collections
(based on the number of randomized participants, lags between
baseline, and follow-up surveys) and errors in transferring data
from Qualtrics (eg, duplicate entries and inadvertent deletions).
This process is implemented using SPSS and SAS (version 9.4;
SAS Institute).

Phase II
At this phase, we are going back to the original Qualtrics data
files for any inconsistent data points and patterns to verify
entries and add justifications for any changes made to the
warehoused SPSS data.

Phase III
We will flag inconsistencies for further discussion and, if
decisions are made to adjust reported values, those decision
rules will be fully documented for reporting purposes. These
rules will be informed by the literature, What Works
Clearinghouse (WWC) standards, or best practice guidance.
We will check for within-time point and across-time point
inconsistencies and set up cleaning rules for both. For example,
within a time point (eg, baseline), if a participant reports no
history of anal sex but reports using a condom during anal sex
in the last 3 months, both responses would be edited as missing
values. Similarly, across time points (ie, baseline, 3-month, and
9-month assessments), if someone reports that they have never
had anal sex at 9 months, but report having had anal sex at the
3-month evaluation, we will carry out two sensitivity analyses
with (1) recoded 3-month data to match 9-month data and (2)
recoded 9-month data to match 3-month data [37]. However, it
is important to note that such inconsistencies are not expected
due to the built-in skip patterns in our Qualtrics survey but are
planned for nonetheless.

Additionally, any response values that were not supposed to
have been provided based on built-in skip patterns will be
recoded as “not applicable.” Overall, missing values will be
differentiated with appropriate coding as “nonresponse,” “do
not know,” and “not applicable” as needed, and some anomalies
(if plausible) will be left unchanged (eg, true extreme values
such as age at 18 years). Finally, original respondents’ data will
be kept as a backup, and we will explore sensitivity analyses to
check to what extent data cleaning edits influence our results,

including the use of multiple imputation procedures described
below.

Primary Outcome
The primary outcome of this study is the impact of About Us
relative to the standard of care 9 months following the end of
the intervention on the prevalence of vaginal or anal sex without
condoms in the past 3 months. Items specifically examine
condom use during vaginal and anal sex independently (Textbox
1).

Secondary Outcomes
The secondary outcomes are four-fold: 3 months and 9 months
following the end of the intervention, what is the impact of
About Us relative to the standard of care on (1) the prevalence
of abstinence from vaginal or anal sex in the past 3 months, (2)
composite scores of relationship communication and positive
conflict resolution among participants involved in a relationship
at baseline, (3) the prevalence of school-based health center
service use or information receipt in the past 3 months, and (4)
composite scores of condom use intentions and attitudes
regarding condoms and other types of birth control? These
secondary outcomes are summarized in Tables S1-S4 in
Multimedia Appendix 1.

Generalities of Statistical Analysis Methods
Statistical analysis will be undertaken using SPSS and SAS.
All participants randomized to either intervention (About Us)
or BAU will be included in the analyses using the intent-to-treat
(ITT) principles. Our benchmark analysis data set will include
all randomized participants with imputed data for missing
covariate and outcome variables.

As part of our sensitivity analyses, two additional types of
analyses will be implemented: modified intent-to-treat (modified
ITT) and complete case analysis.

Modified ITT analysis (ie, analysis based on a data set that
includes all randomized subjects who provide baseline
measurements on primary and secondary outcomes and have at
least one follow-up assessment) will also be implemented under
different conditions for missing data adjustment (described
below).

Assessment of Baseline Equivalence
Equivalence between the intervention and control groups will
be assessed for demographic characteristics and primary and
secondary outcomes at 3 time points: baseline, 3-month, and
9-month follow-up. At the 3-month and 9-month time points,
baseline characteristics and outcomes will be compared between
participants who completed each assessment separately. For
example, if 400 out of 533 randomized participants completed
the 3-month assessment, their baseline characteristics and
outcome measures will be compared between intervention and
control group participants (n=400). The baseline equivalence
results will be used to help identify issues such as a potential
lack of equivalence due to attrition (study or program attrition).
Baseline demographic characteristics and primary and secondary
outcome measures that are statistically different between the
treatment and control groups will be controlled in our primary
and secondary outcome analyses as described below.
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Demographic characteristics of interest include age, sex assigned
at birth, and race and ethnicity. The mean age and its
corresponding SD for intervention and control groups will be
calculated. Frequencies and proportions will be produced for
categorical outcomes such as sex assigned at birth and race and
ethnicity. Race will be categorized into non-Hispanic White,
non-Hispanic Black, Hispanic, and other races.

A Pearson’s Chi-square test (or Fisher’s exact test as needed)
will be used to examine baseline differences between categorical
variables (sex assigned at birth, race and ethnicity, primary and
secondary outcomes, and group assignment at baseline, 3-month,
and 9-month assessment time points separately.

A two-sample independent t-test (or a Mann-Whitney test,
nonparametric test as needed) will be used to examine baseline
differences between continuous variables (age and secondary
outcomes) and group assignment at baseline, 3-month, and
9-month assessment time points separately.

Baseline equivalence analyses will be conducted using SAS,
and statistical significance will be assessed at an alpha (Type I
error) of 5%.

Preliminary Data Analysis
Preliminary data analysis will involve routine range checks for
continuous variables and frequencies and cross-tabulations for
categorical variables. If necessary, continuous outcomes (eg,
score-based measures) will be corrected using the least powerful
transformations possible to meet our statistical modeling
assumptions (ie, “normalize” univariate data that might be
skewed or “straighten out” a bivariate curvilinear relationship)
of outcome and covariate relationships for linear regression
[38]. In addition, bivariate analyses will be performed to identify
potential nonlinear relationships (eg, between 9-month
continuous outcomes and baseline characteristics and measures
such as age and composite scores) that may need to be modeled.
Preliminary analysis of score-based (or instrument-based)

outcomes will include examining evidence of construct validity
and reliability. Construct validity refers to the degree to which
an instrument or measure assesses the underlying theoretical
construct it is supposed to measure (ie, the test is measuring
what it is purported to measure). This will be examined via
confirmatory factor analysis for score-based outcomes.
Reliability refers to the degree of interrelationship or
homogeneity among question items on a test (questionnaire),
such that they are consistent with one another and measure the
same construct; this will be examined by generating an internal
consistency index–Cronbach’s alpha for our score-based
outcomes.

Statistical Analysis Models
For dichotomous outcomes at 9 months, we will use logistic
regression models with covariates (see Textbox 2) for the
intervention, baseline outcome variables, strata variables (sex
assigned at birth and number of screening experience factors
present), sociodemographic characteristics (age and race and
ethnicity), the time elapsed between baseline and the follow-up
survey (at 3-month and 9-month follow-up), cohort, and school.
For continuous outcomes, we will use linear regression models
with covariates for the intervention, baseline outcome variables,
strata variables (sex and number of screening risk factors
present), sociodemographic characteristics (age and race and
ethnicity), the time elapsed between baseline and follow-up
surveys (at 3-month and 9-month follow-up), cohort, and school.
Additional (exploratory) analyses will test for 3-way and 2-way
statistical interactions and adjust for prognostic factors such as
potential confounders of intervention effects. Similarly, we will
include a covariate that captures whether our outcome data were
collected pre-COVID-19 versus during the COVID-19
pandemic. Potential 2-way interactions involving this covariate
and intervention group, age and grade, and relationship status
will be examined to test the differential effects of the pandemic
on outcomes of interest.

Textbox 2. Covariates included in impact analyses.

Screening factor: one or two screening factors present (categorical variable).

Age (years): baseline date to DOB (continuous variable).

Sex: sex assigned at birth; 1=male, 2=female (dichotomous variable).

Race and ethnicity: White, Black, Hispanic, other (categorical variable).

Number of days between baseline and the follow-up survey (3 or 9 months): follow-up date to baseline date (continuous variable).

Cohort: cohort 1 (spring 2018), cohort 2 (fall 2018), cohort 3 (spring 2019), cohort 4 (fall 2019), and cohort 5 (spring 2020; categorical variable).

School: high schools 1 to 7.

We will also take advantage of all measurement time point data
and appropriately model the data hierarchy by exploring the use
of generalized linear mixed models (GLMM) [39,40] to evaluate
intervention effectiveness. The GLMM will allow us to use all
data available and adjust for multilevel dependencies (eg,
repeated measures, such as baseline and follow-up at 3 months
and 9 months, within an individual participant nested within
the intervention or control group, within a cohort (block) and
study site). Additional analyses to account for multilevel effects
will be explored as secondary or sensitivity analyses.

Presentation of Continuous Outcomes
Least squares (LS) means, corresponding SEs, 95% 2-sided
CIs, and 2-tailed P values will be presented for the within-group
(ie, intervention and control) outcome measures. For each
between-group, the difference in LS means, corresponding SE,
2-sided 95% CI, and 2-tailed P value will also be derived from
the linear regression model and presented. Standard model
diagnostics will be performed to assess the validity of the
proposed model. These diagnostics will include examining the
residuals for normality and homoscedasticity as well as testing
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for the significance of the intervention by baseline outcome
interaction terms.

Presentation of Categorical Outcomes
The estimated odds ratio, SE, 95% Wald CI, and P value will
be presented for each between-group comparison of interest.
Standard model diagnostics will be performed to assess the
validity of the proposed model. These diagnostics will include
testing the goodness of fit with the Hosmer-Lemeshow test and
examining influence statistics for potentially outlying
observations. In addition, the number and percentage of subjects
with a primary outcome (eg, condomless vaginal or anal sex)
will be presented for each treatment group, including model
estimated probabilities and statistical significance of differences
observed (at α=.05).

Handling Missing Data
Our general approach to missing data will involve taking
advantage of all observed information while not exaggerating
the precision of findings based on incomplete data [41,42].

All variables described for our final regression models will be
used in our imputation procedures. That is, outcome measures
(at 3-month and 9-month follow-up analyzed separately),
treatment condition, baseline outcome variables, strata variables
(sex and number of screening experience factors present),
sociodemographic characteristics (age, race, and ethnicity), the
time elapsed between baseline and follow-up survey (at 3-month
or 9-month follow-up), and school. The treatment and control
group participant data will be imputed separately [43].

Multivariate imputation by chained equations [44] methods
using PROC MI and MIANALYZE procedures in SAS will be
used to create multiple imputations (replacement values) for
multivariate missing data (eg, continuous, binary, unordered
categorical, and ordered categorical data) based on a fully
conditional specification [45], where each incomplete variable
is imputed by a separate model [46]. All missingness
(nonresponse, program attrition, or study loss to follow-up) will
be treated the same way for our benchmark analysis. Additional
analyses (see Sensitivity Analysis) will be explored where
reasons for program attrition are accounted for in the generation
of imputed covariate and outcome values. All variables (ie,
outcome and baseline characteristics) described in the above
analysis models will be used for the imputation procedures. The
number of data sets to be imputed will be determined using the
quadratic rule recommended by von Hippel [47]. In addition to
the baseline value of the outcome of interest, age, race and
ethnicity, the sex assigned at birth, and the number of screening
experience factors (1 or 2; ie, adolescents had either exposure
to violence or a prior or current experience with a romantic
relationship or both), and time (days) between baseline and
3-month or 9-month follow-up will be included in our final
analysis models (ie, linear and logistic regression).

Sensitivity Analysis
In addition to the benchmark analyses described above (3-month
and 9-month follow-up examined separately), two types of
analyses (ie, complete case analysis—no imputation for missing
data—and modified ITT with imputed data) will be implemented

using procedures similar to the benchmark analyses (linear and
logistic regression models). The robustness of the inferential
findings will be assessed by comparing differences in analytical
findings across the three types of analyses (ITT with imputed
data, complete case analysis, and modified ITT).

Results

Baseline data collection commenced in February 2018 and was
completed in March 2020, yielding 5 cohorts and 533 study
participants, with 316 assigned to the intervention group and
217 assigned to the control group. Though the project team
anticipated an additional semester of implementation in the fall
of 2020, the COVID-19 pandemic and subsequent school
closures interfered with the scheduling of additional
programming. We continued with online data collection and
anticipate the completion of follow-up data collection by May
2021.

Discussion

Support for the Intervention
Most of the existing EBPs yield relatively short-term gains [48]
and were developed using normative decision-making models
[49]. These models describe decision-making as a deliberate
and analytic process and are useful for predicting behaviors that
are typically unemotional [50]; the utility of these models is
limited for sexual behaviors, which are inherently emotional.
Findings stemming from developmental neuroscience experts
suggest that changes in relational, emotional, and social
processing play a critical role in influencing adolescent behavior,
highlighting the potential of integrating emotionally relevant
learning strategies into sexual health programs; by doing so,
the content becomes more meaningful and relevant to
adolescents, and better supports the development of
decision-making skills [51]. Further, most existing interventions
are inherently cognitive, teaching adolescents how to refuse
unwanted or unprotected sexual intercourse, but do not address
the circumstances or situations under which adolescents might
be willing to engage in certain sexual behaviors [51]. About Us
draws on this body of research to create a more contextually
and developmentally relevant program that addresses motivation
and emotional influences in sexual decision-making.

The lack of student interactivity is a major pedagogical issue
facing learning environments today [52]. EBPs for teen
pregnancy and STI prevention share similar interactive
instructional strategies (eg, mini-lectures, games, role-playing,
and simulations); however, other strategies could extend the
program’s impact. Strategies include storytelling and the use
of blended learning. Stories have been recognized for centuries
as a powerful tool for organizing and transmitting information
[53]. They are one way to pique students’ curiosity and build
interest while framing new concepts, illustrating consequences,
modeling skills, and providing context. Neuroscience supports
the use of stories as anchors of information assisting in the
learning process [54]. In addition, educators now emphasize
the importance of blended learning, which incorporates the use
of new online technologies in face-to-face settings to engage
students in active and interactive learning [55]. The potential
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of using technology in changing sexual behaviors is highlighted
in research with computer-based or blended learning programs
[56,57].

Further, technology provides young people with opportunities
to gain virtual experiences related to relationships. Some
research suggests there is an association between emotional
experience gained in virtual environments with emotional
experiences lived in real-life contexts, which can provide a safe
and low-risk venue for emotional learning [58]. We draw on
both of these strategies in this project.

Limitations
This study is not without limitations. The COVID-19 global
pandemic severely impacted this project. As a result, policies
enacted by state and local governments, by school sites
participating in About Us, and by the research institutions
conducting the evaluation were implemented to protect as many
people as possible from the virus. This included suspending
in-person intervention delivery, recruitment, and data collection
and necessitated the transition to online-only follow-up survey
administrations beginning in March 2020. These changes
reduced the number of students recruited and prevented those
who had already been recruited from receiving the intervention.

Implementation of the intervention was also impacted by
instances of turnover within schools and health centers, which
sometimes confused all stakeholders. For example, new
administrators frequently had no knowledge of the research
study because it had not been communicated to them by the
outgoing administrators. Similarly, new health center staff were
often overwhelmed by “inheriting” this new program from a
predecessor, thus slowing the pace of required implementation
and evaluation activities. These instances of turnover combined
with the challenges of scheduling intervention delivery to occur

during the already limited regular school day or after school
resulted in lower enrollment in the study.

Another limitation was the incompleteness of the contact
information provided by adolescents participating in the study.
For example, in some instances, adolescents either initially
provided incorrect information or did not provide updated
information for study team members to use for follow-up contact
attempts. This reduced our follow-up survey response rate and
resulted in participants being lost to follow-up. When possible,
study team members worked with SBHC staff to reach students
with outdated or incorrect contact information and encourage
them to participate in scheduled survey administration.

The study was also impacted by a lower-than-expected number
of returned consent forms, which resulted in
lower-than-expected enrollment. SBHC staff utilized various
methods for distributing the consent forms (eg, individually to
each student during screening visits or in a welcome packet for
parents at the beginning of school term), but the collection of
consent forms may have been negatively impacted by lack of
follow-up with adolescents about returning the forms to the
SBHC. While our study team employed methods previously
shown to be associated with improved consent form return in
youth samples (eg, providing incentives for consent form return
or utilizing school staff for consent form collection) [59,60],
additional approaches such as greater engagement with parents
or using an opt-out versus an opt-in approach where appropriate
may improve consent form return rates.

In some cases, adolescents transferred to different school sites
that were not involved in the study. In these instances, we could
not rely on SBHC staff to reach out to adolescents if their
contact information was incorrect or incomplete, and they were
lost to follow-up.

 

Acknowledgments
This publication was made possible by Grant Number 90AP2682-05-00 from the Department of Health and Human Services,
Administration for Children and Families. Its contents are solely the responsibility of the authors and do not necessarily represent
the official views of the Department of Health and Human Services, Administration for Children and Families.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Supplementary tables.
[DOCX File , 35 KB - resprot_v10i9e30499_app1.docx ]

References
1. Feiring C. Other-sex friendship networks and the development of romantic relationships in adolescence. Journal of Youth

and Adolescence 1999 Aug;28(4):495-512. [doi: 10.1023/a:1021621108890]
2. Carver K, Joyner K, Udry J. Adolescent Romantic Relations and Sexual Behavior: Theory, Research and Practical

Implications. Florsheim P, editor. National Estimates of Adolescent Romantic Relationships Internet Mahwah, N. J.:
Lawrence Erlbaum Associates; 2003. URL: https://www.cpc.unc.edu/resources/publications/bib/2156/ [accessed 2021-01-13]

3. Manning WD, Longmore MA, Copp J, Giordano PC. The complexities of adolescent dating and sexual relationships:
fluidity, meaning(s), and implications for young adults' well-being. New Dir Child Adolesc Dev 2014;2014(144):53-69
[FREE Full text] [doi: 10.1002/cad.20060] [Medline: 24962362]

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e30499 | p.68https://www.researchprotocols.org/2021/9/e30499
(page number not for citation purposes)

Anderson et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v10i9e30499_app1.docx&filename=9d6db3b85675996f4371b9c19a8660a5.docx
https://jmir.org/api/download?alt_name=resprot_v10i9e30499_app1.docx&filename=9d6db3b85675996f4371b9c19a8660a5.docx
http://dx.doi.org/10.1023/a:1021621108890
https://www.cpc.unc.edu/resources/publications/bib/2156/
http://europepmc.org/abstract/MED/24962362
http://dx.doi.org/10.1002/cad.20060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24962362&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Manning W, Giordano P, Longmore M. Hooking up: The relationship contexts of "nonrelationship" sex. Journal of Adolescent
Research 2006;21(5):459-483. [doi: 10.1177/0743558406291692]

5. Coyle K, Guinosso S, Glassman J, Anderson P, Wilson H. Exposure to violence and sexual risk among early adolescents
in urban middle schools. The Journal of Early Adolescence 2017;37(7):889-909 [FREE Full text] [doi:
10.1177/0272431616642324]

6. Collins W, van Dulmen M. 'The Course of True Love(s)...': Origins and Pathways in the Development of Romantic
Relationships. In: Romance and Sex in Adolescence and Emerging Adulthood: Risks and Opportunities. Mahwah, NJ, US:
Lawrence Erlbaum Associates Publishers; 2006:63-86.

7. Buhi ER, Goodson P. Predictors of adolescent sexual behavior and intention: a theory-guided systematic review. J Adolesc
Health 2007 Jan;40(1):4-21. [doi: 10.1016/j.jadohealth.2006.09.027] [Medline: 17185201]

8. Bouchey H, Furman W. Dating and Romantic Experiences in Adolescence. In: Blackwell Handbook of Adolescence.
Oxford, UK: Blackwell Publishers; 2006:312-329.

9. Martin J, Hamilton B, Osterman M, Driscoll A. Births: Final data for 2018. National Vital Statistics Reports; vol 68, no
13. Hyattsville, MD: National Center for Health Statistics; 2019. URL: https://www.cdc.gov/nchs/data/nvsr/nvsr68/
nvsr68_13-508.pdf [accessed 2021-03-08]

10. Unintended Pregnancy in the United States [Fact Sheet]. Guttmacher Institute. 2019 Jan. URL: https://www.guttmacher.org/
sites/default/files/factsheet/fb-unintended-pregnancy-us.pdf [accessed 2021-01-14]

11. Finer LB, Zolna MR. Declines in unintended pregnancy in the United States, 2008-2011. N Engl J Med 2016 Mar
03;374(9):843-852 [FREE Full text] [doi: 10.1056/NEJMsa1506575] [Medline: 26962904]

12. Hamilton BE, Rossen LM, Branum AM. Teen birth rates for urban and rural areas in the United States, 2007-2015. NCHS
Data Brief 2016 Nov(264):1-8 [FREE Full text] [Medline: 27849147]

13. Lugo-Gil J, Lee A, Vohra D, Harding J, Ochoa L, Goesling B. Updated findings from the HHS Teen Pregnancy Prevention
Evidence Review: August 2015 through October 2016. U.S. Department of Health and Human Services: Office of the
Assistant Secretary for Planning and Evaluation. 2018 Apr. URL: https://tppevidencereview.youth.gov/pdfs/
Summary_of_findings_2016-2017.pdf [accessed 2021-01-13]

14. Goesling B. Making Sense of Replication Studies: Guidance for Teen Pregnancy Prevention Researchers. ASPE Research
Brief. Washington, DC: U.S. Department of Health and Human Services, Office of Human Services Policy, Office of the
Assistant Secretary for Planning and Evaluation; 2015 May 12. URL: https://tinyurl.com/dc845s8t [accessed 2021-01-14]

15. Wilson HW, Woods BA, Emerson E, Donenberg GR. Patterns of violence exposure and sexual risk in low-income, urban
African American girls. Psychol Violence 2012 Apr;2(2):194-207 [FREE Full text] [doi: 10.1037/a0027265] [Medline:
24563808]

16. Finkelhor D, Turner H, Ormrod R, Hamby SL. Violence, abuse, and crime exposure in a national sample of children and
youth. Pediatrics 2009 Nov;124(5):1411-1423. [doi: 10.1542/peds.2009-0467] [Medline: 19805459]

17. Reducing the Risk. Program Success Center for Sexual & Reproductive Health. Scotts Valley, CA: ETR URL: https://www.
etr.org/ebi/programs/reducing-the-risk/ [accessed 2021-01-14]

18. Making Proud Choices!. Program Success Center Internet. Scotts Valley, CA: ETR URL: https://www.etr.org/ebi/programs/
making-proud-choices/ [accessed 2021-01-14]

19. About. Seventeen Days. URL: http://seventeendays.org/about/ [accessed 2014-01-14]
20. Services Provided by SBHCs. California School-Based Health Alliance. 2011. URL: https://www.schoolhealthcenters.org/

school-health-centers-in-ca/what-types-of-health-services-do-schools-provide/ [accessed 2021-01-13]
21. Brown M, Bolen L. The school-based health center as a resource for prevention and health promotion. Psychology in the

Schools 2008;45(1):28-38 [FREE Full text] [doi: 10.1002/pits.20276]
22. Damon W. What is positive youth development? The ANNALS of the American Academy of Political and Social Science

2016 Sep 08;591(1):13-24. [doi: 10.1177/0002716203260092]
23. Collins W. More than myth: The developmental significance of romantic relationships during adolescence. Journal of

Research on Adolescence 2003;13(1):1-24 [FREE Full text] [doi: 10.1111/1532-7795.1301001]
24. Reyna VF, Brainerd CJ. Dual processes in decision making and developmental neuroscience: A fuzzy-trace model. Dev

Rev 2011 Sep;31(2-3):180-206 [FREE Full text] [doi: 10.1016/j.dr.2011.07.004] [Medline: 22096268]
25. Bandura A. Social Foundations of Thought and Action: A Social Cognitive Theory. 1st edition. Englewood Cliffs, NJ:

Prentice Hall; 1985.
26. Marseille E, Mirzazadeh A, Biggs MA, P Miller A, Horvath H, Lightfoot M, et al. Effectiveness of school-based teen

pregnancy prevention programs in the USA: A systematic review and meta-analysis. Prev Sci 2018 May;19(4):468-489.
[doi: 10.1007/s11121-017-0861-6] [Medline: 29374797]

27. Goesling B, Colman S, Trenholm C, Terzian M, Moore K. Programs to reduce teen pregnancy, sexually transmitted
infections, and associated sexual risk behaviors: a systematic review. J Adolesc Health 2014 May;54(5):499-507. [doi:
10.1016/j.jadohealth.2013.12.004] [Medline: 24525227]

28. Qualtrics. Provo, Utah, USA: Qualtrics; 2020. URL: https://www.qualtrics.com/ [accessed 2021-01-14]

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e30499 | p.69https://www.researchprotocols.org/2021/9/e30499
(page number not for citation purposes)

Anderson et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1177/0743558406291692
https://doi.org/10.1177/0272431616642324
http://dx.doi.org/10.1177/0272431616642324
http://dx.doi.org/10.1016/j.jadohealth.2006.09.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17185201&dopt=Abstract
https://www.cdc.gov/nchs/data/nvsr/nvsr68/nvsr68_13-508.pdf
https://www.cdc.gov/nchs/data/nvsr/nvsr68/nvsr68_13-508.pdf
https://www.guttmacher.org/sites/default/files/factsheet/fb-unintended-pregnancy-us.pdf
https://www.guttmacher.org/sites/default/files/factsheet/fb-unintended-pregnancy-us.pdf
http://europepmc.org/abstract/MED/26962904
http://dx.doi.org/10.1056/NEJMsa1506575
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26962904&dopt=Abstract
http://www.cdc.gov/nchs/data/databriefs/db264.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27849147&dopt=Abstract
https://tppevidencereview.youth.gov/pdfs/Summary_of_findings_2016-2017.pdf
https://tppevidencereview.youth.gov/pdfs/Summary_of_findings_2016-2017.pdf
https://www.mathematica.org/our-publications-and-findings/publications/making-sense-of-replication-studies-guidance-for-teen-pregnancy-prevention-researchers
http://europepmc.org/abstract/MED/24563808
http://dx.doi.org/10.1037/a0027265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24563808&dopt=Abstract
http://dx.doi.org/10.1542/peds.2009-0467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19805459&dopt=Abstract
https://www.etr.org/ebi/programs/reducing-the-risk/
https://www.etr.org/ebi/programs/reducing-the-risk/
https://www.etr.org/ebi/programs/making-proud-choices/
https://www.etr.org/ebi/programs/making-proud-choices/
http://seventeendays.org/about/
https://www.schoolhealthcenters.org/school-health-centers-in-ca/what-types-of-health-services-do-schools-provide/
https://www.schoolhealthcenters.org/school-health-centers-in-ca/what-types-of-health-services-do-schools-provide/
https://doi.org/10.1002/pits.20276
http://dx.doi.org/10.1002/pits.20276
http://dx.doi.org/10.1177/0002716203260092
https://doi.org/10.1111/1532-7795.1301001
http://dx.doi.org/10.1111/1532-7795.1301001
http://europepmc.org/abstract/MED/22096268
http://dx.doi.org/10.1016/j.dr.2011.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22096268&dopt=Abstract
http://dx.doi.org/10.1007/s11121-017-0861-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29374797&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2013.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24525227&dopt=Abstract
https://www.qualtrics.com/
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Zheng G, Oksuzyan S, Hsu S, Cloud J, Jewell MP, Shah N, et al. Self-reported interest to participate in a health survey if
different amounts of cash or non-monetary incentive types were offered. J Urban Health 2018 Dec;95(6):837-849 [FREE
Full text] [doi: 10.1007/s11524-018-0237-7] [Medline: 29654397]

30. Taylor BG, Mumford EA. A national descriptive portrait of adolescent relationship abuse: Results from the national survey
on teen relationships and intimate violence. J Interpers Violence 2016 Mar;31(6):963-988. [doi: 10.1177/0886260514564070]
[Medline: 25548142]

31. Arellano C, Markman H. The managing affect and differences scale (MADS): A self-report measure assessing conflict
management in couples. Journal of Family Psychology 1995 Sep;9(3):319-334. [doi: 10.1037/0893-3200.9.3.319]

32. Cleland J. Illustrative Questionnaire for Interview-Surveys with Young People. World Health Organization. 2001. URL:
https://www.scirp.org/(S(czeh2tfqyw2orz553k1w0r45))/reference/ReferencesPapers.aspx?ReferenceID=1950110 [accessed
2021-05-13]

33. Escribano S, Espada JP, Orgilés M, Morales A. Implementation fidelity for promoting the effectiveness of an adolescent
sexual health program. Eval Program Plann 2016 Dec;59:81-87. [doi: 10.1016/j.evalprogplan.2016.08.008] [Medline:
27614301]

34. Starosta AJ, Berghoff CR, Earleywine M. Factor structure and gender stability in the multidimensional condom attitudes
scale. Assessment 2015 Jun 18;22(3):374-384. [doi: 10.1177/1073191114547887] [Medline: 25139383]

35. Kyes K. Contraceptive attitude scale. In: Davis C, Yarber W, Bauserman R, Schreer G, Davis S, editors. Handbook of
Sexuality-related Measures. Thousand Oaks, CA: SAGE Publications, Inc; 1998:164-165.

36. Prep Studies of Performance Measures and Adults Preparation Subjects. Core Measures for PREIS Grantees' Local
Evaluations. 2016. URL: https://omb.report/icr/201609-0970-004/doc/68048501 [accessed 2021-08-03]

37. Wellman RJ, O'Loughlin J. Data dilemmas and difficult decisions: on dealing with inconsistencies in self-reports. J Adolesc
Health 2015 Apr;56(4):365-366. [doi: 10.1016/j.jadohealth.2015.01.015] [Medline: 25797629]

38. Box G, Cox D. An analysis of transformations. Journal of the Royal Statistical Society: Series B (Methodological) 2018
Dec 05;26(2):211-243. [doi: 10.1111/j.2517-6161.1964.tb00553.x]

39. Breslow NE, Clayton DG. Approximate inference in generalized linear mixed models. Journal of the American Statistical
Association 1993 Mar;88(421):9. [doi: 10.2307/2290687]

40. McCullagh P, Nelder J. Generalized Linear Models. Second Edition. London: Chapman and Hall; 1989.
41. Rubin DB. Inference and missing data. Biometrika 1976 Dec;63(3):581. [doi: 10.2307/2335739]
42. Rubin D. Multiple Imputation for Nonresponse in Surveys. New York: John Wiley & Sons, Inc; 1987.
43. Sullivan TR, White IR, Salter AB, Ryan P, Lee KJ. Should multiple imputation be the method of choice for handling

missing data in randomized trials? Stat Methods Med Res 2018 Sep;27(9):2610-2626 [FREE Full text] [doi:
10.1177/0962280216683570] [Medline: 28034175]

44. van Buuren S, Groothuis-Oudshoorn K. mice: multivariate imputation by chained equations in R. J. Stat. Soft 2011;45(3):1-67.
[doi: 10.18637/jss.v045.i03]

45. van Buuren S. Multiple imputation of discrete and continuous data by fully conditional specification. Stat Methods Med
Res 2007 Jun;16(3):219-242. [doi: 10.1177/0962280206074463] [Medline: 17621469]

46. van Buuren S, Brand JP, Groothuis-Oudshoorn CG, Rubin DB. Fully conditional specification in multivariate imputation.
Journal of Statistical Computation and Simulation 2006 Dec;76(12):1049-1064. [doi: 10.1080/10629360600810434]

47. von Hippel PT. How many imputations do you need? a two-stage calculation using a quadratic rule. Sociological Methods
& Research 2018 Jan 18;49(3):699-718. [doi: 10.1177/0049124117747303]

48. Coyle K, Anderson P, Laris B. Schools and sexuality education. In: Ponzetti J, editor. Evidence-based Approaches to
Sexuality Education: A Global Perspective. 1st Edition. Routledge: Taylor & Francis Group; 2016.

49. Kirby D, Laris B. Effective curriculum-based sex and STD/HIV education programs for adolescents. Child Development
Perspectives 2009;3(1):21-29 [FREE Full text] [doi: 10.1111/j.1750-8606.2008.00071.x]

50. Halpern-Felsher B. Adolescent Decision-Making. In: Bradford B, Prinstein M, editors. Encyclopedia of Adolescence. New
York, NY: Elsevier Academic Press; 2011:30-37.

51. Ballonoff Suleiman A, Brindis CD. Adolescent school-based sex education: using developmental neuroscience to guide
new directions for policy and practice. Sex Res Soc Policy 2014 Feb 14;11(2):137-152. [doi: 10.1007/s13178-014-0147-8]

52. Draper S, Brown M. Increasing interactivity in lectures using an electronic voting system. Journal of Computer Assisted
Learning 2004;20(2):81-94 [FREE Full text] [doi: 10.1111/j.1365-2729.2004.00074.x]

53. Hsu J. The secrets of storytelling. Sci Am Mind 2008 Aug;19(4):46-51. [doi: 10.1038/scientificamericanmind0808-46]
54. Immordino-Yang M, Damasio A. We feel, therefore we learn: The relevance of affective and social neuroscience to

education. Mind, Brain, and Education 2007;1(1):3-10 [FREE Full text] [doi: 10.1111/j.1751-228x.2007.00004.x]
55. Dziuban C, Harmtan J, Moskal P. Blended learning. Educause. 2004. URL: https://library.educause.edu/resources/2004/3/

blended-learning [accessed 2021-01-14]
56. Lightfoot M, Comulada WS, Stover G. Computerized HIV preventive intervention for adolescents: indications of efficacy.

Am J Public Health 2007 Jun;97(6):1027-1030. [doi: 10.2105/AJPH.2005.072652] [Medline: 16670219]

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e30499 | p.70https://www.researchprotocols.org/2021/9/e30499
(page number not for citation purposes)

Anderson et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/29654397
http://europepmc.org/abstract/MED/29654397
http://dx.doi.org/10.1007/s11524-018-0237-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29654397&dopt=Abstract
http://dx.doi.org/10.1177/0886260514564070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25548142&dopt=Abstract
http://dx.doi.org/10.1037/0893-3200.9.3.319
https://www.scirp.org/(S(czeh2tfqyw2orz553k1w0r45))/reference/ReferencesPapers.aspx?ReferenceID=1950110
http://dx.doi.org/10.1016/j.evalprogplan.2016.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27614301&dopt=Abstract
http://dx.doi.org/10.1177/1073191114547887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25139383&dopt=Abstract
https://omb.report/icr/201609-0970-004/doc/68048501
http://dx.doi.org/10.1016/j.jadohealth.2015.01.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25797629&dopt=Abstract
http://dx.doi.org/10.1111/j.2517-6161.1964.tb00553.x
http://dx.doi.org/10.2307/2290687
http://dx.doi.org/10.2307/2335739
http://europepmc.org/abstract/MED/28034175
http://dx.doi.org/10.1177/0962280216683570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28034175&dopt=Abstract
http://dx.doi.org/10.18637/jss.v045.i03
http://dx.doi.org/10.1177/0962280206074463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17621469&dopt=Abstract
http://dx.doi.org/10.1080/10629360600810434
http://dx.doi.org/10.1177/0049124117747303
https://doi.org/10.1111/j.1750-8606.2008.00071.x
http://dx.doi.org/10.1111/j.1750-8606.2008.00071.x
http://dx.doi.org/10.1007/s13178-014-0147-8
https://doi.org/10.1111/j.1365-2729.2004.00074.x
http://dx.doi.org/10.1111/j.1365-2729.2004.00074.x
http://dx.doi.org/10.1038/scientificamericanmind0808-46
https://doi.org/10.1111/j.1751-228X.2007.00004.x
http://dx.doi.org/10.1111/j.1751-228x.2007.00004.x
https://library.educause.edu/resources/2004/3/blended-learning
https://library.educause.edu/resources/2004/3/blended-learning
http://dx.doi.org/10.2105/AJPH.2005.072652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16670219&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


57. Tortolero SR, Markham CM, Peskin MF, Shegog R, Addy RC, Escobar-Chaves SL, et al. It's your game: keep it real:
delaying sexual behavior with an effective middle school program. J Adolesc Health 2010 Feb;46(2):169-179 [FREE Full
text] [doi: 10.1016/j.jadohealth.2009.06.008] [Medline: 20113923]

58. Riva G, Mantovani F, Capideville CS, Preziosa A, Morganti F, Villani D, et al. Affective interactions using virtual reality:
the link between presence and emotions. Cyberpsychol Behav 2007 Feb;10(1):45-56. [doi: 10.1089/cpb.2006.9993] [Medline:
17305448]

59. Rodgers P. Maximizing the Return of Parent Consent Forms.: American Foundation for Suicide Prevention; 2006. URL:
https://www.yumpu.com/en/document/read/28735978/maximizing-the-return-of-parent-consent-forms-suicide- [accessed
2021-08-03]

60. Fletcher AC, Hunter AG. Strategies for obtaining parental consent to participate in research. Family Relations 2003
Jul;52(3):216-221. [doi: 10.1111/j.1741-3729.2003.00216.x]

Abbreviations
BAU: business as usual
CSHA: California School-Based Health Alliance
EBP: evidence-based practice
EDC: evaluation data collector
GLMM: generalized linear mixed model
ITT: intent-to-treat
LS: least squares
OR: odds ratio
PREIS: Personal Responsibility Education Innovative Strategies
PYD: positive youth development
RCT: randomized controlled trial
SBHC: school-based health center
STI: sexually transmitted infections

Edited by G Eysenbach; submitted 17.05.21; peer-reviewed by A Suleiman, D Levine, N Berglas; comments to author 08.06.21; revised
version received 14.07.21; accepted 15.07.21; published 01.09.21.

Please cite as:
Anderson P, Coyle K, Guinosso S, Ferrand JL, Owora A, Houghton RF, Walsh-Buhi E
Promoting Adolescent Healthy Relationships (The About Us Program): Protocol for a Randomized Clinical Trial
JMIR Res Protoc 2021;10(9):e30499
URL: https://www.researchprotocols.org/2021/9/e30499 
doi:10.2196/30499
PMID:34468330

©Pamela Anderson, Karin Coyle, Stephanie Guinosso, John L Ferrand, Arthur Owora, Rebecca F Houghton, Eric Walsh-Buhi.
Originally published in JMIR Research Protocols (https://www.researchprotocols.org), 01.09.2021. 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. 9 |e30499 | p.71https://www.researchprotocols.org/2021/9/e30499
(page number not for citation purposes)

Anderson et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/20113923
http://europepmc.org/abstract/MED/20113923
http://dx.doi.org/10.1016/j.jadohealth.2009.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20113923&dopt=Abstract
http://dx.doi.org/10.1089/cpb.2006.9993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17305448&dopt=Abstract
https://www.yumpu.com/en/document/read/28735978/maximizing-the-return-of-parent-consent-forms-suicide-
http://dx.doi.org/10.1111/j.1741-3729.2003.00216.x
https://www.researchprotocols.org/2021/9/e30499
http://dx.doi.org/10.2196/30499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34468330&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Disability-Inclusive Diabetes Self-management Telehealth
Program: Protocol for a Pilot and Feasibility Study

Eric Evans1, PhD; Ayse Zengul2, MS; Allyson Hall1, PhD; Haiyan Qu1, PhD; Amanda Willig3, PhD, RD; Andrea

Cherrington3, MPH, MD; Mohanraj Thirumalai1, MS, MEng, PhD
1Department of Health Services Administration, University of Alabama at Birmingham, Birmingham, AL, United States
2Department of Nutrition Sciences, University of Alabama at Birmingham, Birmingham, AL, United States
3Department of Medicine, University of Alabama at Birmingham, Birmingham, AL, United States

Corresponding Author:
Mohanraj Thirumalai, MS, MEng, PhD
Department of Health Services Administration
University of Alabama at Birmingham
1716 9th Avenue South
Birmingham, AL, 35294
United States
Phone: 1 205 934 7189
Email: mohanraj@uab.edu

Abstract

Background: Individuals with disabilities and type 2 diabetes require self-management programs that are accessible, sustainable,
inclusive, and adaptable. Health coaching has been shown to be an effective approach for improving behavioral changes in
self-management. Health coaching combined with telehealth technology has the potential to improve the overall quality of and
access to health services.

Objective: This protocol outlines the study design for implementing the Artificial Intelligence for Diabetes Management
(AI4DM) intervention. The protocol will assess the feasibility, acceptability, and preliminary efficacy of the AI4DM telehealth
platform for people with disabilities.

Methods: The AI4DM study is a 2-arm randomized controlled trial for evaluating the delivery of a 12-month intervention,
which will involve telecoaching, diabetes educational content, and technology access, to 90 individuals with diabetes and physical
disabilities. The hypothesis is that this pilot project is feasible and acceptable for adults with permanently impaired mobility and
type 2 diabetes. We also hypothesize that adults in the AI4DM intervention groups will have significantly better glycemic control
(glycated hemoglobin) and psychosocial and psychological measures than the attention control group at the 3-, 6-, and 12-month
follow-ups.

Results: The AI4DM study was approved by the university’s institutional review board, and recruitment and enrollment will
begin in October 2021.

Conclusions: The AI4DM study will improve our understanding of the feasibility and efficacy of a web-based diabetes
self-management program for people with disabilities. The AI4DM intervention has the potential to become a scalable and novel
method for successfully managing type 2 diabetes in people with disabilities.

Trial Registration: ClinicalTrials.gov NCT04927377; https://clinicaltrials.gov/ct2/show/NCT04927377

International Registered Report Identifier (IRRID): PRR1-10.2196/31689

(JMIR Res Protoc 2021;10(9):e31689)   doi:10.2196/31689
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Introduction

Background
Diabetes mellitus is one of the most common metabolic
disorders; it affects approximately 12.2% of the overall adult
population in the United States and 25.25% of the population
aged above 65 years [1]. One-third of the US adult population
is affected by prediabetes. Diabetes can increase the overall risk
of premature death and has been linked to several complications,
including cardiovascular, renal, and neurological issues.
Although diabetes is a major problem among all populations,
people with disabilities are more prone to diabetes. According
to the Behavioral Risk Factor Surveillance System 2017 report,
nearly 1 in 4 people with disabilities are diagnosed with diabetes,
whereas approximately 1 in 10 people without a disability are
diagnosed with some form of diabetes [2].

Although physical disabilities increase the risk of developing
diabetes, an inverse may also occur. Diabetes is associated with
a significant increase in the risk of mobility disability [3]. It has
been suggested that individuals with diabetes have an increased
risk of disability because of multiple factors, such as obesity,
depression, and stroke, when compared with individuals with
no diabetes [4]. Similarly, numerous studies have indicated that
diabetes may lead to disabling disorders, including
cardiovascular disease [5], renal dysfunction [6], retinopathy
[7,8], and peripheral vascular disease [8]. Older adults with
diabetes are also less likely to engage in physical activity (PA)
[9], and some are unable to perform minor physical tasks.

In diabetes management, PA, medication adherence, and glucose
tracking have been shown to be effective in reducing glycated
hemoglobin (HbA1c) in both the general population and people
with intellectual and developmental disabilities [10-15]. Recent
meta-analyses have indicated that diabetes prevention and
management programs emphasizing community engagement
and tracking of food consumption, especially in the context of
a low-carbohydrate diet, were more successful than medications
in effective diabetes management [16,17]. Studies that
investigated the effect of health promotion initiatives and
lifestyle interventions on participants with disabilities also
indicate that such efforts can promote healthy diets, regular
exercise, and reduce sedentary lifestyle, thereby improving the
management of chronic health conditions including obesity and
diabetes among individuals with disabilities [15,18,19].

Diabetes education is essential for the treatment and
management of diseases. Better education and knowledge can
reduce the risk of developing diabetes complications while
reducing morbidity and mortality. However, based on the 2014
Behavioral Risk Factor Surveillance System data, 47.3% of
adults with disabilities did not receive diabetes education, and
10.86% did not visit health professionals for diabetes in the past
year. This problem has been amplified by racial minorities. Low
health literacy (LHL) is another major problem among people
with disabilities [20,21]. Similarly, older adults, people with
less than a high school degree, racial and ethnic minorities,
people with low-income levels, and nonnative speakers of
English are most likely to experience LHL [22]. Approximately
80 million adults in the United States are estimated to have LHL

[23]. People with LHL are more prone to low diabetes
knowledge levels [24-27] and limited glycemic control [26],
resulting from unhealthy dietary habits, low PA levels, poor
medication adherence, and poor blood glucose monitoring
[23-27]. People with low literacy skills are not illiterate;
however, using plain language is necessary to improve their
health literacy and make written and oral information easier to
understand [22]. Improving health literacy among participants
with LHL would be beneficial for the education, treatment, and
management of chronic diseases.

However, people with disabilities face inordinate barriers to
achieving a healthy diet and recommended PA levels [28-31].
People with disabilities remain to be one of the least active
populations in society [31-33]. Nationwide, 46% of people with
disabilities have been categorized as physically inactive [32].
Maintaining a healthy diet is also a challenge for people with
disabilities. There are several barriers to this process, such as
feeling too tired to cook, organic or healthy, and nutrition foods
being expensive, and lack of desire or willpower to cook [29].
All of these issues can be resolved using a systematic approach.
However, accessible, inclusive, and adapted diabetes
management programs for people with disabilities do not exist.
Programs that are not designed with people with disabilities in
mind (ie, noninclusive) pose various physical, programmatic,
and attitudinal barriers. A few studies have examined diabetes
management for people with disabilities, but they have all been
singular studies that have not led to the creation of sustainable
and scalable diabetes management programs for people with
disabilities. For example, the National Center on Health,
Physical Activity and Disability created the first Prevent T2 for
ALL, an inclusive adaptation of the CDC’s Prevent T2 program.
However, the Prevent T2 program is a diabetes prevention
program (not a diabetes management program), and the primary
focus is on BMI control, not glycemic control.

As our next step toward diabetes management for people with
disabilities, we propose the development of an inclusive
telecoaching self-management program for diabetes management
in people with disabilities. To make the telecoaching approach
sustainable and scalable, artificial intelligence techniques are
employed to reduce the time health coaches spend on each
participant.

Objectives
The primary objective of this project is to evaluate the
preliminary efficacy and feasibility of an accessible and
inclusive artificial intelligence–assisted, individualized,
family-focused lifestyle modification intervention (the Artificial
Intelligence for Diabetes Management [AI4DM] intervention)
for glycemic control in people with disabilities.

We hypothesize that the clinical outcome (HbA1c) associated
with type 2 diabetes mellitus (T2DM) self-management and
self-efficacy outcomes would have a greater effect in the AI4DM
intervention arm than in the attention control arm at the 3-, 6-,
and 12-month follow-ups. We also hypothesize that the AI4DM
intervention is feasible and acceptable for adults with permanent
impaired mobility and T2DM, their caregivers, and health
coaches and that the fidelity of the program will be maintained.
A fidelity monitoring protocol was developed by the research
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team for the AI4DM study based on the five domains
recommended by the National Institutes of Health Behavior
Change Consortium [34].

Methods

Overview
The AI4DM study is a 2-arm randomized controlled trial.
Eligible participants will be randomly assigned to one of two

groups: (1) the AI4DM intervention group with telecoaching
support and (2) the attention control group. The active
intervention will include 6 months of telecoaching followed by
6 months of follow-up and access to the technology but with
no telecoaching calls (Table 1). For the study, 4 weeks is
considered a month, thereby making the study duration 48
weeks. Study activities involving participants with disabilities
will be primarily conducted on the web nationally in the United
States.

Table 1. Research design.

Posttest (weeks
52-53)

AI4DMb interventionWeeks 4-15aPretest (weeks
2-3)

Enrollment (weeks
1-2)

Group

Weeks 28-51Weeks 16-27a

✓Only technology
access

Biweekly calls and
technology access

Weekly calls and tech-
nology access

✓✓cAI4DM intervention

✓No technology ac-
cess

Biweekly courtesy
calls

Weekly courtesy calls✓✓Attention control

aFollow-up data collected at the end of weeks 15 and 27 as well (for both arms of the study).
bAI4DM: Artificial Intelligence for Diabetes Management.
cStudy activity present.

Explanation for Choice of Comparators
The AI4DM intervention is designed to evaluate the feasibility
and preliminary efficacy of a web-based diabetes
self-management program for people with disabilities.
Participants will either be assigned to the intervention group,
which includes telehealth coaching calls, a technology package,
and access to diabetes educational content, or an attention
control group, which will receive the same number of
telecoaching calls at the same frequency as the intervention
group. These calls generally serve as courtesy calls or general
wellness calls.

Eligibility Criteria
Eligible participants must meet the following inclusion criteria:
(1) a diagnosis of T2DM; (2) an HbA1c level of ≥8%; (3) an
age of 18-65 years; (4) individuals living with a permanent
physical disability such as spinal cord injury, spina bifida,
multiple sclerosis, or stroke and (5) the ability to speak and read
English. To screen for permanently impaired mobility, the
NHANES Physical Functioning Survey [35] will be used.

Exclusion criteria include (1) the use of insulin medication for
diabetes treatment; (2) current enrollment in any diabetes-related
intervention; (3) severe cognitive impairment; (4) severe
untreated depression in the past 6 months; (5) a major cardiac
event in the past 12 months; (6) uncontrolled blood pressure;
(7) resting tachycardia; (8) renal failure; (9) severe peripheral
neuropathy; and (10) the unavailability of a smartphone.

Interventions
The total study duration for both groups is 12 months. The
protocol includes both groups receiving weekly health coaching
calls weekly for 12 weeks, and one biweekly coaching call
(every other week) for 12 weeks, for a total of 18 coaching calls.
The intervention group, AI4DM, will receive access to home
and web-based technology and diabetes-specific educational
content through a telehealth app. The attention control group
will serve as an untreated comparison group for the AI4DM
intervention group. Both groups will also receive 4 HbA1c kits
for glucose data collection.

Study Survey Packets
After enrolling in the study, participants will automatically be
emailed a Health Insurance Portability and Accountability Act
(HIPAA)–compliant Research Electronic Data Capture
(REDCap) link to a survey packet. REDCap is a secure program
developed by a collaboration between Vanderbilt University
and the National Institutes of Health National Center for
Research Resources that manages and stores clinical trial data.
This survey packet included a demographic survey and the
secondary outcome measures listed in Table 2. Participants will
be asked to complete this survey packet 4 times during the
12-month study period (excluding the demographics in the first
survey packet). The timepoints included baseline, 3 months, 6
months, and postintervention (12 months).
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Table 2. Measures of efficacy.

Time pointsInstrumentsVariables

B,b 3,c 6,d PeHbA1c
a (clinical and primary outcome)Glycemic management

B, 3, 6, PDiabetes Distress ScalePsychological distress

B, 3, 6, PDiabetes Quality of Life MeasureQuality of life

B, 3, 6, PDiabetes Empowerment ScaleSelf-efficacy

B, 3, 6, PDiabetes Family Behavior ScaleFamily support

B, 3, 6, PGodin leisure-time exercise questionnairePhysical activity

B, 3, 6, PThe UK Diabetes and Diet QuestionnaireDietary intake

B, 3, 6, PMedication Adherence Rating ScaleMedication adherence

3, 6, PSystem Usability Scale & Health Information Technology Usability Evaluation ScaleTelehealth dashboard usability

B, 3, 6, PThe eHealth Literacy ScaleHealth information technology

B, 3, 6, PInstruments for controlling medication and dosage during the analysis of the clinical outcomeMedication and dosage

aHbA1c: glycated hemoglobin.
bB: baseline.
c3: 3-month follow-up.
d6: 6-month follow-up.
eP: 12-month post–follow-up.

Welcome Call
After the first survey packet is emailed to the participants, a
study team member will call the participants. The purpose of
this call is to welcome them into the study and explain the study
elements. During the call, the staff will inform the participant
that they will receive a package within the next few days (see
the section HbA1c Kits).

HbA1c Kits

All participants, regardless of study arm allocation, will receive
4 HbA1c kits. The HbA1c kits will be shipped from a clinical
diagnostic laboratory testing company. Research personnel will
have access to an account through the testing company website
and will send an HbA1c kit 4 times during the study duration:
baseline (after the welcome call), 3 months, 6 months, and
postintervention (12 months). The HbA1c kit will include a
testing kit and return packaging materials. Participants will be
asked to complete and return the kit at their earliest convenience.

Randomization
A randomization sequence will be generated and stored within
REDCap, which automatically assigns a participant to the
AI4DM intervention group or the attention control group.
Randomization will only occur after the baseline survey packet
and baseline HbA1c kit are completed.

Orientation Call
After randomization, a study health coach will be notified from
REDCap that a participant has been randomized to one of the
study arms and will conduct an orientation call with the
participant. The purpose of this call is to introduce themselves
to the participants as their primary health coach and to schedule
the first weekly coaching call. The first weekly call, regardless

of the study arm assignment, will be scheduled for the next
calendar week.

Intervention Package
If a participant is randomized into the AI4DM intervention
group, the research staff will coordinate the shipment of a
technology package that will be delivered to the participant’s
residence within 1 to 2 days after randomization. The contents
of this intervention package will include (1) an Amazon Echo,
(2) a Fitbit Flex device, and (3) a wireless glucometer.
Participants will also be given supplemental instructions for
signing in to the mobile health (mHealth) app and device setup
instructions. This package is used for intervention delivery and
not for outcome measurements.

AI4DM Intervention Group Coaching Calls (First 12
Weeks)
Coaching calls for the intervention group will be guided by a
prepared outline of diabetes-related content that will be delivered
to the participant through the mHealth app. This content will
be delivered at the beginning of each week before the coaching
call. The educational content is derived from using the
Partnership to Improve Diabetes Education program and
delivered to the participant as multimedia content [36]. Other
health-related areas covered during the coaching call will include
nutrition and eating habits, exercise and PA, glucose monitoring,
and medication adherence. Questions outside the scope of the
health coaching content will be provided to the study clinician
or registered dietician. If the study team determines that the
questions require collecting a participant’s detailed medical
profile, the participant will be guided to communicate with their
primary care physician. Finally, the health coach will address
other health-related questions that the participant may have. For
each call, the health coach will be able to record notes in the
telehealth app regarding topics discussed with the participant
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for future calls, as needed. Coaching calls are expected to last
for up to 60 minutes.

AI4DM Intervention Group Coaching Calls (Second
12 Weeks)
Biweekly coaching calls during the following 12 weeks will
cover nutrition and eating habits, exercise and PA, glucose
monitoring, medication adherence, general well-being, and
Partnership to Improve Diabetes Education content, as needed.

Attention Control Group Coaching Call
The coaching content for the attention control group will refrain
from any diabetes-specific content; rather, the health coach will
only focus on general well-being. This will apply to all phone
calls during weekly and biweekly coaching calls.

Exit Interviews
After the study duration, up to 30 participants from the AI4DM
intervention group will be contacted for a follow-up interview
to obtain their experiences and feedback with the AI4DM
telehealth platform. These interviews will be conducted virtually.

Outcome Measures
Primary and secondary outcome measures will be assessed at
baseline, 3 months, 6 months, and postintervention (12 months).
The primary clinical outcome measure is HbA1c with the
secondary outcome measures described in Table 2.

Data Collection Methods

HbA1c Collection

HbA1c kits will be distributed and received by a clinical at-home
laboratory testing service. Study personnel will use the
company’s web-based resources to ship at-home test kits to all
participants. The test kit will contain all necessary items to
collect, prepare, and mail dried blood specimens to the
laboratory for testing. Upon receiving the kit, the testing
company will report the values through their network, and study
personnel will obtain the values and record them directly into
REDCap.

All other measures, including demographic data and secondary
outcome measures, will be retrieved and automatically stored
through electronic surveys delivered by REDCap. All
self-reported items within the questionnaires will be required
to prevent missing data. The questionnaire packet will be
delivered electronically to the participants at 4 time points during
the study (Table 2).

Psychological Distress
To measure psychological distress, participants will complete
the Diabetes Distress Scale (DDS). This 17-item questionnaire
assesses diabetes-related emotional distress using Likert-style
questions for the previous month. The DDS has been shown to
be a valid and reliable tool for measuring diabetes-related
emotional distress [37,38].

Quality of Life
Participants will complete the Diabetes Quality of Life Measure,
which is a 15-item questionnaire asking about perceptions of

one’s ability to manage their diabetes in conjunction with other
life areas [39].

Self-efficacy
To measure psychosocial self-efficacy in diabetes management,
participants will complete the Diabetes Empowerment Scale
Short Form (DES-SF). The DES-SF is an 8-item questionnaire
asking about attitudes toward diabetes and the ability to
successfully manage diabetes. The DES-SF has been shown to
be a valid and reliable measure of psychosocial self-efficacy
[40].

Family Support
Participants will complete the Diabetes Social Support
Questionnaire, which is a 52-item questionnaire that asks
questions related to familial support for individuals with diabetes
[41]. This questionnaire was originally designed for adolescents
with diabetes; however, the original version was modified to
reflect questions appropriate for adults. Thus, the Diabetes
Social Support Questionnaire used will be a 33-item
questionnaire.

Physical Activity
To measure PA, participants will complete the Godin
Leisure-Time Exercise Questionnaire. This short questionnaire
asks three questions related to strenuous, moderate, and light
exercises performed during the past seven days [42].

Dietary Intake
Participants will complete the UK Diabetes and Diabetes
Questionnaire to assess nutrition and dietary behaviors within
the past month [43]. This 24-item questionnaire includes foods
that are common in the United Kingdom; therefore, those items
that are specific to the United Kingdom will be replaced with
items equivalent in the United States to reduce confusion for
participants.

Medication Adherence
To measure medication adherence, participants completed the
Medication Adherence Rating Scale. The Medication Adherence
Rating Scale is a general, 10-item binary questionnaire that asks
questions related to regularly taking medication [44].

Health Information Technology Literacy
Participants will complete the eHealth Literacy Scale, which is
an 8-item survey that measures perceived knowledge, comfort,
and skill when using technology to address overall health [45].

Telehealth Dashboard Usability
To measure the usability of the telehealth dashboard, participants
will complete the System Usability Scale and the Health
Information Usability Evaluation Scale. These Likert scales
include items asking about the dashboard’s effectiveness (ability
to complete tasks), efficiency (level of dashboard use), and
satisfaction (subjective reactions to the dashboard) [46,47].

Medication and Dosage
Participants will be asked to provide current medications and
dosages throughout the study duration to control medication
data during the statistical analysis.
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Feasibility Measures
This study will obtain measures related to the feasibility and
acceptability of the AI4DM intervention on diabetes
self-management. Measures will include process, resource,
scientific, and management feasibility outcomes. All elements
of intervention delivery will be collected, including but not
limited to adherence, retention, attrition, coach and participant
communication needs, staff preparation, and adverse events.
Obtaining these measures will inform future considerations in
the delivery of a web-based diabetes self-management program
for people with disabilities.

Participant Timeline
The study duration for those enrolled in the study will be 12
months, regardless of study arm allocation.

Sample Size
A total of 90 participants will be enrolled. The sample size for
this protocol is based on a primary analytic strategy of analysis
of covariance, a two-sided test, type 1 error rate of 0.05, and
intention-to-treat analysis with multiple imputations. Assuming
a correlation between baseline and follow-up outcomes of at
least 0.7, we will have 80% power to detect an effect size of
0.65.

Recruitment
The entire recruitment will be conducted on the web nationally
through the National Center on Health, Physical Activity and
Disability website and its associated social media. Through
these mechanisms, interested individuals will be directed to a
landing website page that will have promotional media content
and information about the study. From there, participants will
be directed to a separate link through HIPAA-compliant
REDCap and complete a screening eligibility form. If deemed
eligible, the participants will be sent an electronic consent form
to be completed using the HIPAA-compliant REDCap. On the
basis of our recruitment methods, we expect that approximately
180 individuals will be screened for eligibility.

Allocation
Participants will be randomized to the two study arms in a 1:1
allocation ratio using a computer-generated randomization
procedure. The allocation sequence will be implemented after
the baseline surveys, and the baseline HbA1c kit has been
completed by the participant. The computer-generated
randomization process will be implemented in REDCap after
the data from the baseline surveys and HbA1c kit are entered
into the REDCap database. This will trigger the allocation
procedure to randomly assign participants to one of the two
study arms. The health coach will be notified about the
randomization through the telecoaching dashboard and will
inform the participants about their randomization into the
AI4DM intervention or the attention control arm during the
orientation call.

Blinding (Masking)
The principal investigator and primary statistician will be
blinded to the randomization of the participants into the study
arms. All other study staff will be unblinded for purposes of

recruitment, consent, orientation calls, welcome calls, coaching
calls, and intervention package shipping. There are no
circumstances in which the principal investigator or statistician
will become unblinded during this protocol.

Data Management
All data collected will be entered directly into REDCap.
Participants will be assigned a subject number upon enrollment
in the study. Only approved study personnel will have access
to the REDCap program, where data will be stored. Data
checking will involve confirming that surveys, questionnaires,
and HbA1c values are completed.

Statistical Methods
All data will be examined for normality violations, outliers,
errors, and patterns of missing values. For primary and
secondary outcome measures, the sample and variables will be
described using frequency distributions and appropriate
summary statistics. Randomization across the study arms will
be checked. If any baseline variable differs by group, it will be
included as a covariate in subsequent analyses. Our primary
analysis for the hypothesis that adults in the AI4DM intervention
group will result in better glycemic control than the attention
control group will be tested using analysis of covariance with
baseline measurement as a covariate. Multiple imputations will
be used to impute missing data. The study data will also explore
the pattern and missing mechanism, and additional sensitivity
analyses will be performed to test parametric assumptions as
well as assumptions of missingness. Outliers and normality of
quantitative variables will be evaluated. This study is powered
to enable the estimation of effect sizes. Analysis of the clinical
outcome (HbA1c) will control for the impact of medication and
dosage during the intervention period.

Data Monitoring
This project is a pilot feasibility and efficacy study that has
duration of 12 months and only has minimal risks. Therefore,
we believe that a data monitoring committee is not required.
The principal investigator will be responsible for protocol
fidelity and data collection throughout the study. The
biostatistician will oversee data analysis in preparation for
publication.

Harms
The AI4DM study will monitor all adverse events. Adverse
events will be assessed for severity and causality and will be
reported to the institutional review board and all other relevant
regulatory bodies as needed.

Auditing
All elements of the study protocol will be evaluated at regular
intervals (ie, weekly, monthly, or quarterly) to ensure proper
and consistent adherence to the study design and
implementation. Elements of auditing will include checklists,
coaching call logs, audio recordings or coaching calls, content
resource banks, telehealth platform reviews and event logs,
review of participant food, PA, medication, glucose entries,
time spent on the platform, and team meetings to discuss
participant progress and protocol adherence.
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Research Ethics Approval
All proposed elements of this protocol will be approved by the
university’s institutional review board before beginning the
study.

Protocol Amendments
Any changes deemed necessary by the principal investigator
will be submitted as amendments to the university’s institutional
review board and will only make changes after approval.

Consent or Assent
All consent processes will be conducted on the web through
predetermined screening questionnaires provided through the
landing website and REDCap link. If a participant is deemed
eligible through the web-based process, an electronic consent
form will be sent to the participant to complete. Only approved
study staff will have access to complete records of the consent
form.

Confidentiality
Personal information will be collected in this study. All personal
information shared, such as demographic details, will be
collected and stored through HIPAA-compliant REDCap. Only
approved study staff will have access to securely stored personal
information. All information will be subject to the university’s
institutional review board and the policies of affiliated entities
surrounding confidentiality.

Declaration of Interests
There are no declarations of interests for all study staff for this
protocol.

Ancillary and Posttrial Care
This is not applicable. No provisions for posttrial care are
included in the study.

Dissemination Policy
The results of this study will be disseminated publicly through
publications in peer-reviewed journals and presented at regional
and national conferences.

Appendices: Biological Specimens
Blood samples will be collected for HbA1c analysis at 4 different
time points (baseline, 3-month, 6-month, and 12-month). The
laboratory testing service will be responsible for mailing,
receiving, and processing completed HbA1c kits. The study
personnel will not interact or have access to blood samples at
the testing laboratory.

Results

The AI4DM protocol has been approved by the university’s
institutional review board and has been registered at
ClinicalTrials.gov (trial number: NCT04927377). The mHealth
app (dashboard and educational content) and landing website
are currently under development by the study technical support
team, and research personnel are developing the database
(REDCap) that will store data and communication mechanisms
(ie, emails and text notifications). We estimate that enrollment
for the study will begin in October 2021.

Discussion

Although diabetes mellitus is one of the most common metabolic
disorders affecting millions in the US population, this disorder
has become more prevalent in people with disabilities [2].
Compared with nondisabled individuals, people with disabilities
experience higher rates of diabetes, which leads to several
health-related complications. In addition, people with disabilities
experience and face barriers that prevent the ability to
successfully manage their diabetes through exercise and healthy
eating [28-31]. Therefore, the development of an inclusive
diabetes management program for people with disabilities is
warranted.

As multiple barriers exist that would hinder a person’s ability
to successfully manage diabetes, AI4DM seeks to create a
sustainable, scalable, accessible, and inclusive diabetes
management program for people with disabilities, which
currently does not exist. This study will examine the feasibility
and preliminary efficacy of AI4DM for glycemic control
(HbA1c) for people with disabilities using mobile and web-based
apps, telehealth coaching sessions, and diabetes-related
educational multimedia content. The AI4DM study will also
focus on quality-of-life measures during the intervention and
will include qualitative interviews following the intervention
to provide a holistic evaluation of the intervention program as
a viable mode of diabetes management. Next, to reduce barriers
experienced by people with disabilities, the AI4DM program
will be conducted completely on the web with all coaching
sessions taking place over the telephone, thereby allowing all
participants to manage their diabetes in a home environment.
Finally, the results of this feasibility study will inform how
web-based chronic disease management programs can be
improved for future studies.
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Abstract

Background: Diabetes mellitus is a major health problem among people with physical disabilities. Health coaching has been
proven to be an effective approach in terms of behavioral changes, patient self-efficacy, adherence to treatment, health service
use, and health outcomes. Telehealth systems combined with health coaching have the potential to improve the quality of health
care by increasing access to services. Treatment fidelity is particularly important for behavior change studies; however, fidelity
protocols are inadequately administered and reported in the literature.

Objective: The aim of this study is to outline all the intervention fidelity strategies and procedures of a telecoaching
intervention—artificial intelligence for diabetes management (AI4DM)—which is a randomized controlled trial to evaluate the
feasibility, acceptability, and preliminary efficacy of a telehealth platform in adults with type 2 diabetes and permanent impaired
mobility. AI4DM aims to create a web-based disability-inclusive diabetes self-management program. We selected the National
Institutes of Health Behavior Change Consortium (NIH BCC) fidelity framework to describe strategies to ensure intervention
fidelity in our research.

Methods: We have developed fidelity strategies based on the five fidelity domains outlined by the NIH BCC—focusing on
study design, provider training, treatment delivery, treatment receipt, and enactment of treatment skills. The design of the study
is grounded in the social cognitive theory and is intended to ensure that both arms would receive the same amount of attention
from the intervention. All providers will receive standardized training to deliver consistent health coaching to the participants.
The intervention will be delivered through various controlling and monitoring strategies to reduce differences within and between
treatment groups. The content and structure of the study are delivered to ensure comprehension and participation among individuals
with low health literacy. By constantly reviewing and monitoring participant progress and protocol adherence, we intend to ensure
that participants use cognitive and behavioral skills in real-world settings to engage in health behavior.

Results: Enrollment for AI4DM will begin in October 2021 and end in October 2022. The results of this study will be reported
in late 2022.

Conclusions: Developing and using fidelity protocols in behavior change studies is essential to ensure the internal and external
validity of interventions. This study incorporates NIH BCC recommendations into an artificial intelligence embedded telecoaching
platform for diabetes management designed for people with physical disabilities. The developed fidelity protocol can provide
guidance for other researchers conducting telehealth interventions within behavioral health settings to present more consistent
and reproducible research.

Trial Registration: ClinicalTrials.gov NCT04927377; http://clinicaltrials.gov/ct2/show/NCT04927377.

International Registered Report Identifier (IRRID): PRR1-10.2196/31695
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Introduction

Background
Although diabetes mellitus (DM) is a significant problem among
all populations, people with disabilities are more likely to be
affected by DM. According to the 2017 Behavioral Risk Factor
Surveillance System report, 23.6% of people with disabilities
are diagnosed with diabetes, whereas 9% of people without a
disability are diagnosed with diabetes [1]. DM can increase the
overall risk of premature death and is linked to a number of
complications, including heart attack, stroke, kidney failure,
leg amputation, vision loss, and nerve damage [2]. Current
science has enabled multiple approaches to manage type 2
diabetes (T2D) and its related complications [2-5]. Glycemic
control through a combination of diet, physical activity (PA),
medication adherence, and glucose monitoring have been shown
to reduce glycated hemoglobin and be effective in T2D
management for both the general population and people with
intellectual and developmental disabilities [2,4,6,7].

Behavioral weight loss programs, such as the lifestyle
interventions used in the Diabetes Prevention Program, have
proven successful in DM management [8]. However, there is
no accessible, inclusive, and adapted diabetes management
program for people with disabilities. Programs that are not
designed with people with disabilities in mind (ie, noninclusive)
pose various physical, programmatic, and attitudinal barriers.
To address various barriers, such as lack of time and
transportation, and to reach millions of more people, several
studies have successfully used technology-mediated
interventions for DM management [4,6,9-11]. However, these
technology-mediated intervention solutions are not inclusive
and usually have static content delivered through websites,
emails, or mobile apps with no personalized interaction with
the client.

To address these deficiencies, we are developing a platform that
combines human synchronous telecoaching with mobile health
(mHealth) technologies to promote T2D self-management for
people with disabilities. In this artificial intelligence
(AI)–assisted, individualized, family-focused, lifestyle
modification telehealth intervention (AI for DM [AI4DM]), we
use an AI-embedded telecoaching dashboard to promote the
fidelity of coaching sessions and reduce the workload required
to personalize telecoaching.

Importance of Reporting Fidelity
Fidelity in health behavior change studies is an essential factor
in ensuring that the intervention program is delivered as intended
[12]. Telehealth behavior change studies usually include similar
strategies to deliver the treatment, such as using guidelines or
manuals, monitoring audio and video materials, and adherence
to the intervention protocols. However, several systematic
reviews of health behavior interventions indicate that there is
inconsistency in the use of these strategies. In addition, most

of these interventions did not incorporate effective fidelity
protocols to monitor the validity of their research [12-16]. To
report their fidelity, studies usually focus on monitoring
intervention delivery but poorly report and discuss other fidelity
components, such as design, training, and intervention receipt
strategies to enhance intervention fidelity [17]. Inadequate
reporting of fidelity can lead to misinterpretation of the results
because of the increased type 1 and type 2 errors due to the
residual confounding bias, which would contribute to difficulty
replicating and translating findings of the study into practice
[12].

The complexity of research designs, working with diverse
populations, and maintaining credibility when testing the
feasibility of innovative interventions are common challenges
faced by behavior change studies. The methodological
challenges in designing, conducting, and reporting health
behavior change studies eventually led to the formation of the
Treatment Fidelity Workgroup of the National Institutes of
Health Behavior Change Consortium (NIH BCC) [14]. In 2004,
NIH BCC published recommendations to guide and encourage
researchers to incorporate treatment fidelity concepts and
strategies in the field of health behavior change. The
recommendations focus on five domains: study design, provider
training, delivery of treatment, receipt of treatment, and
enactment of treatment. These recommendations include
advancing the definition, methodology, and measurement of
treatment fidelity to enhance the internal and external validity
of the interventions.

Considering the importance of developing and using treatment
fidelity in behavioral change interventions, we aim to describe
and report the fidelity protocol for the AI4DM study. AI4DM
combines mHealth technologies with telecoaching sessions to
create the first-ever web-based diabetes self-management
program for people with disabilities. The fidelity protocol was
developed to address the five domains of intervention fidelity
outlined by the NIH BCC. Considering the complexity of our
intervention design, the development and use of the fidelity
protocol is essential to document our fidelity measures to present
more consistent and reproducible research.

Methods

Overview of the Study and the Intervention Fidelity
Protocol
This project aims to develop and assess a telehealth framework,
AI4DM, paired with inclusive diabetes self-management
content. AI4DM is grounded in the social cognitive theory
(SCT) [18] and is designed to serve as a support system and
communication platform among health coaches, participants
with disabilities and their caregivers, and health care providers.
AI4DM consists of (1) a telecoaching dashboard, (2) a
participant-specific mHealth app, (3) a caregiver-specific
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mHealth app, and (4) a conversational agent, Amazon Echo
(Amazon).

At the center of AI4DM, there is an AI-embedded coaching
dashboard. This dashboard will assist health coaches in offering
consistent and personalized health coaching for participants.
The AI engine will be connected to a commercial ingredient
and recipe database and use a food recommendation engine to
offer personalized nutrition tips that take into account a given
participant’s recommended diet, the participants’and caregivers’
cuisine preferences, time and food availability, financial
limitations, cooking skills (accessibility), and other preferences
and limitations. The AI engine will also feature a rule-based
expert system to offer personalized PA recommendations based
on the participants’ physical conditions, environmental
conditions, and preferences. All data generated by the AI engine
will be delivered to the participants and their caregivers after
approval and tailoring from health coaches. The delivery of
information to participants and caregivers will be enabled
through multiple channels—smartphones (mHealth apps),
conversational agents (eg, Amazon Echo), and telecoaching
phone calls—thereby enhancing accessibility to the information.
The design and educational content of mHealth apps will be
tailored and inclusive of people with all forms of disabilities.
Collectively, these AI-assisted and user-centered design features
will reduce the time and effort required by health coaches and
promote sustained use of the intervention by participants,
eventually enabling self-management.

The primary aim of AI4DM is to evaluate the feasibility (ie,
process, resource, management, and scientific feasibility),

acceptability (based on surveys and interviews with participants,
their caregivers, and health coaches), and preliminary efficacy
of AI4DM in adults with type 2 DM (T2DM) and permanent
impaired mobility. We will use a randomized controlled pilot
study design in which 90 adults with T2DM and permanent
impaired mobility will be randomized to the AI4DM
intervention arm or an attention control arm. The entire
recruitment will be conducted nationally, on the web, through
the National Center on Health, Physical Activity, and Disability
website, associated social media, and ResearchMatch website.
The inclusion criteria were as follows: (1) diagnosis of T2DM;
(2) glycated hemoglobin ≥8%; (3) 18 to 65 years of age; (4)
living with a permanent physical disability such as a spinal cord
injury, spina bifida, multiple sclerosis, or stroke; (5) can speak
and read English; and (6) availability of a smartphone. This
study was approved by the institutional review board, and all
screened participants provided informed consent before
enrollment.

For the intervention, each participant will be randomly assigned
to one of two treatment conditions: (1) AI4DM intervention
with telecoaching support and (2) attention control. We planned
an active (coach contact) intervention period of 24 weeks (6
months) with 18 coaching calls during that period, followed by
a passive period of 24 weeks (6 months) with only technology
access to see if self-management behaviors were sustained.
Table 1 presents the study design. For further information on
the methods for the parent study, see the research protocol paper
[19].

Table 1. The research design.

Posttest; weeks
52-53

AI4DMa interventionPretest; weeks
2-3

Enrollment;
weeks 1-2

Group

Weeks 28-51Weeks 16-27bWeeks 4-15b

✓Only technology
access

Biweekly calls and technol-
ogy access 

Weekly calls and
technology access

✓✓cIntervention

✓No technology
access

Biweekly courtesy calls
with no technology access

Weekly courtesy calls
with no technology
access

✓✓Attention control

aAI4DM: artificial intelligence for diabetes mellitus.
bFollow-up data collected at the end of weeks 15 and 27 as well (for both arms of the study).
cStudy activity present.

We have developed methodological strategies to monitor and
enhance fidelity based on the NIH BCC Treatment Fidelity
recommendations, focusing on study design, provider training,
treatment delivery, treatment receipt, and enactment of treatment
skills [14]. Monitoring intervention fidelity is essential to ensure
the internal and external validity of the intervention.

Study Design

Overview
On the basis of the Behavior Change Consortium treatment
fidelity recommendations, study designs must ensure that (1)
the procedures and implementation are congruent with the
presented theory and clinical practices, (2) participants receive
the equal dose of the treatments, and (3) all procedures would
address possible setbacks in implementation. Textbox 1 presents
the fidelity of study design and monitoring plan for AI4DM.
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Textbox 1. Fidelity of study design and monitoring plan.

Goal

• Intervention will be congruent with presented theory and practice

• Equal treatment dose will be given within and across conditions

• Addressing implementation setbacks

Description from the National Institutes of Health Behavior Change Consortium

• Operationalize treatment to optimally reflect theoretical roots; precisely define variables most relevant to “active ingredients” of the intervention

• Ensure equal treatment “dose” (measured by number, frequency, and length of contact) is adequately described and is the same for each subject
within and across treatment conditions

• Address possible setbacks in implementation (eg, treatment providers dropping out)

Fidelity monitoring plan for artificial intelligence for diabetes mellitus

• Monthly review of coaching call checklist and call logs

• Quarterly review of randomly selected coaching calls

• Quarterly review of content resource bank

• Team meetings to discuss participant progress and protocol adherence

• Review of telecoaching platform and its event log

• Review of adverse event log

Ensure That the Procedures and Implementation Are
Congruent With the Presented Theory and Clinical
Practices
AI4DM is grounded in the SCT view that self-management is
not under the complete control of an individual but rather occurs
in the context of a larger social environment involving the
individual [18]. Thus, AI4DM systematically focuses on
improving social support (friend and family support for PA
participation), self-efficacy (confidence in one’s ability to be
physically active in various situations), outcome expectancies
for PA, and self-regulation (exercise goal setting) to understand
how the intervention is effective will be systematically targeted
through both the features of the app and the content used for in
the app and telecoaching. The participant’s app dashboard will
focus on the actions the participant needs to take, such as
completing blood glucose logging and nutrition logging, whereas
the content will be grounded in the SCT [18].

Ensure That Participants Receive an Equal Dose of the
Treatments
The attention control group will be used to provide an untreated
comparison for the AI4DM intervention group and will receive
phone calls from the telecoach at the same frequency as the
intervention group. These courtesy calls are devised to ensure
that both groups received the same amount of attention from
the telecoach, thereby not influencing or inflating the effect size
for future research. Thus, both groups will receive one weekly
call for 12 weeks and one biweekly call for the next week. The
AI4DM intervention and attention control groups will be
exposed to the same data collection measures and protocols.

Ensure That All Procedures Would Address Possible
Setbacks in Implementation
We will collect evidence on reporting and handling constraints
of adverse events, serious adverse events, and clinical
emergencies, as well as participant experiences, burdens, and
compliance during the assessment experience and intervention.
Assessment experience will be documented through participant
self-reports of time to complete the baseline intake. Intervention
experience will be documented by having participants self-report
parameters of coaching sessions in participant logs and through
an evaluation of staff logs.

Provider Training
The project team of the study has the appropriate experience
and training needed for the successful completion of all the
proposed activities. We have assembled a multidisciplinary
team of academic, technical, and programmatic professionals
that are uniquely positioned with the necessary technical,
disability, diabetes, PA, nutrition, behavior change, content
development, and coaching-related skills and knowledge. During
the intervention, health coaches will be formally trained in a
PA-, nutrition-, or nursing-related health profession and pay
special attention to regular blood sugar monitoring, setting
nutrition goals, and PA goals in weekly calls (up to 60 minutes).
The dashboard in the developed platform will assist health
coaches in offering consistent and personalized health coaching
for participants. The Behavior Change Consortium recommends
four strategies to monitor and improve provider training: (1)
standardize training, (2) ensure provider skill acquisition, (3)
minimize drift in provider skills, and (4) accommodate provider
differences. Textbox 2 outlines the fidelity of the provider or
health coach training strategies and the monitoring plan for
AI4DM.
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Textbox 2. Fidelity of health coach training strategies.

Goal

• Standardized training

• Ensure provider skill acquisition

• Minimize “drift” in provider skills

• Accommodate provider differences

Description from the National Institutes of Health Behavior Change Consortium

• Training must be conducted similarly for all providers

• Train providers to well-defined performance criteria

• Ensure provider skills do not decay over time

• Ensure adequate level of training in providers of different skills level, experience, or professional background

Strategies used in artificial intelligence for diabetes mellitus

• The coaches will receive American Council on Exercise health coaching training

• Review of coaching calls checklists and call logs

• Recording coaching calls

• Quarterly review of random selection of calls

• Team meetings to discuss participant progress and protocol adherence

Delivery of Treatment

Overview
Another essential strategy provided by NIH BCC is to ensure
that treatment or intervention is delivered as planned. As

recommended by NIH BCC, we designed our protocol to address
four major goals for fidelity of treatment delivery: control for
provider differences,reduction of differences within treatment
groups,ensure adherence to treatment protocols, and minimize
contamination between conditions [12,14] (see Textbox 3 for
the fidelity of intervention delivery strategies of AI4DM).

Textbox 3. Fidelity of intervention delivery strategies.

Goal

• Control for provider differences

• Reduce differences within treatment

• Ensure adherence to treatment protocol

• Minimize contamination between treatments

Description from the National Institutes of Health Behavior Change Consortium

• Monitor and control for subjects’ perceptions of nonspecific treatment effects (eg, warmth and credibility) across conditions

• Ensure that providers in the same condition are delivering the same intervention

• Ensure that the treatments are being delivered in the way in which they were conceived with regard to content and dose

• Minimize contamination

Strategies used in artificial intelligence for diabetes mellitus

• Coaching call checklists and call logs

• Random audit of audio recording of coaching calls

• Review of randomly selected coaching sessions

• Having different supervisors to evaluate the content and coaching sessions

• Team meetings to discuss participant progress and protocol adherence

• Review of telecoaching platform and its event log
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Control for Provider Differences
To deliver the intervention protocol effectively, we plan to
incorporate various strategies, including reporting and
monitoring participants’and health coaches’complaints, having
health coaches working with participants in both arms,
audiotaping coaching sessions, and auditing and monitoring of
random selection of coaching calls by an expert to evaluate the
sessions. Although the platform and REDCap (Research
Electronic Data Capture) [20] will provide data regarding
adherence and retention, an exit survey will be conducted
to provide information about the satisfaction and perceptions
of the participants. On the basis of the exit survey results and
the data on REDCap and platform, 15 participants will be chosen
to interview to ask the reason for their low-high adherence,
low-high satisfaction, or dropping out.

Reduce Differences Within Treatment Groups
AI4DM, as a telecoaching platform, uses an artificial
engine–embedded telecoaching dashboard to promote the
fidelity of coaching sessions and reduce the workload required
to personalize telecoaching. The dashboard will assist the coach
in effectively preparing for and conducting calls and acting as
a proxy for the participants’ self-management activities if
needed. While using a scripted intervention protocol and detailed
coaching manuals to reduce human error, we will also use
standard materials and resources scheduled for each week based
on the PRIDE (Partnership to Improve Diabetes Education)
toolkit that has 30 comprehensive interactive education modules
[21].

All procedures for delivering treatment goals will be
standardized according to the group assignment to reduce the
differences within treatment groups. For the coaching sessions,
health coaches will focus on four domains: healthy
eating, exercise, glucose monitoring, and medication adherence.
Although the attention control arm will receive phone calls from
the telecoach at the same frequency as the intervention group,
these courtesy calls will only focus on the general well-being
of the participants. Besides the coaching sessions, the platform
will involve an abundance of videos, graphical and textual
content, and technical features to deliver the intervention
effectively. We will maximize the use of short video clips and
infographics, paired with appropriate alternate access strategies.
Educational content will be provided through the app and
reinforced through telecoaching sessions and conversational
agents (Amazon Echo). Conducting weekly team meetings to
discuss participant progress and protocol adherence and having
different supervisors evaluate the content and coaching sessions
will also help ensure adequate treatment delivery.

Ensure Adherence to Treatment Protocols
In addition to the quarterly audio recording of coaching calls,
coaching call checklists and coaching call logs will be used to

improve adherence to the intervention protocols. Call logs will
include information regarding the calls made, attempted, missed,
and voicemails. Scheduled calls and summary notes will also
be recorded in these logs. Coaching call checklists are intended
to remind health coaches to prepare for scheduled content
delivery. The call logs and coaching checklists will be audited
monthly. Moreover, a detailed scripted missed call protocol will
be provided for health coaches to follow.

Minimize Contamination Between Conditions
Upon randomization, participants will be assigned to either the
attention control arm or the intervention arm. The coaches will
be provided with a scripted protocol for both groups. The
coaches will be given standardized training and supplied with
the PRIDE manual. The review of recorded phone calls and the
trackable progress of the participants on the platform will act
as a monitoring step to detect contamination.

Receipt of Treatment
The success of an intervention depends on its clarity and
applicability. Receipt of treatment strategy focuses on the
participant’s ability to understand the given content and perform
the related behavioral activities during the intervention. The
structure of AI4DM was created according to the three goals
that NIH BCC suggests: (1) ensure participant comprehension,
(2) ensure participant ability to use cognitive skills, and (3)
ensure participants’ ability to perform behavioral skills [14].

AI4DM is developed for people with disabilities who are more
prone to experiencing low health literacy (LHL) [22,23].
Similarly, older adults, people with less than a high school
degree, racial and ethnic minorities, people with low-income
levels, and nonnative speakers of English are most likely to
experience LHL [24]. Using plain language is necessary to
improve health literacy and make written and oral information
easier to understand [24]. Improving health literacy among
participants with LHL would be beneficial for the education,
treatment, and management of chronic diseases. Therefore, all
contents of the AI4DM were designed to target the reading level
of fifth grade or below (Textbox 4).

In addition, participants will be counseled using techniques
drawn from cognitive behavioral therapy [25]. The cognitive
behavioral therapy materials in AI4DM will help the participant
and caregiver to focus on motivation for change, increasing
healthy behaviors (including appropriate diet and exercise),
teaching positive coping strategies, and stress management
skills. They will also guide the telecoach in using motivational
interviewing techniques to introduce the program, assess how
ready and willing the participants are to change, and help finalize
relevant goals associated with the psychosocial aspects of
behavior change (Textbox 4).
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Textbox 4. Fidelity of receipt of treatment strategies.

Goal

• Ensure participant comprehension

• Ensure participant ability to use cognitive skills

• Ensure participant ability to perform behavioral skills

Description from the National Institutes of Health Behavior Change Consortium

• Ensure that participants understand the information provided by the intervention

• Make sure that participants are able to use the cognitive skills taught in the intervention

• Make sure that participants are able to use behavioral skills taught in the intervention

Strategies used in artificial intelligence for diabetes mellitus

• Target reading level of fifth grade or below for the content

• Review of recorded coaching sessions

• Review of participant food, physical activity, medication, and glucose journals

• Review of participant log-ins and time spent on platform

• Team meetings to discuss participant progress and protocol adherence

Enactment of Treatment Skills
According to NIH BCC, enactment of treatment skills is one of
the most challenging aspects of intervention fidelity. It involves
applying the proposed theories and protocols to real-world
settings. To ensure participants’use of cognitive and behavioral
skills, the content for the proposed program will be adapted
from a variety of sources. The Diabetes Literacy and Numeracy
Education Toolkit [26] and the PRIDE toolkit [21] will form
the underlying basis for creating the content. The majority of
our efforts will focus on packing the content in a highly
accessible yet engaging format. We will maximize the use of
short video clips and infographics, paired with appropriate
alternate access strategies. Educational content will be provided

through mHealth apps and reinforced through telecoaching
sessions and conversational agents (Amazon Echo).

Participants in the intervention arm would also receive a wireless
blood glucose monitor and a Fitbit Flex (Google LLC), which
are used for intervention delivery and not for outcome
measurement. This program involves an abundance of videos,
graphical and textual content, and technical features such as
AI-assisted dietary planning and tracking, sensor-based PA
tracking, and context-aware recommendations to help
participants understand and adopt the related cognitive and
behavioral skills. Having access to digital content (texts and
videos) and one-to-one interaction with a health coach is
expected to improve the cognitive and behavioral performance
of the participants. Textbox 5 presents the strategies that will
be used in the AI4DM for the enactment of treatment skills.

Textbox 5. Fidelity of enactment of treatment strategies.

Goal

• Ensure participant use of cognitive skills

• Ensure participant use of behavioral skills

Description from the National Institutes of Health Behavior Change Consortium

• Ensure that participants actually use the cognitive skills provided in the intervention in appropriate life settings

• Ensure that participants actually use the behavioral skills provided in the intervention in appropriate life settings

Strategies used in artificial intelligence for diabetes mellitus

• Review of participant food, physical activity, medication, and glucose journals

• Review of participant log-ins and time spent on platform

• Team meetings to discuss participant progress and protocol adherence

• Review of coaching notes
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Results

Enrollment for AI4DM began in August 2021 and will end in
August 2022. The results of this study will be reported in late
2022.

Discussion

Treatment fidelity refers to strategies for monitoring and
enhancing the consistency and accuracy of an intervention.
Reporting treatment fidelity is an essential component to ensure
that the intervention is implemented as planned [14,27]. A
behavior change intervention must be consistently administered
throughout the trial to obtain valid conclusions from the study.
Maintaining high intervention fidelity would provide valuable
information on the feasibility of the intervention in real-world
settings. It can help to minimize experimenter bias and the
reactivity of observations by ensuring that any changes observed
during an intervention reflect the subject’s behavior only
[28,29]. This paper aims to present an overview of the
intervention protocol for an ongoing randomized controlled trial
that aims to develop and assess a telehealth platform, AI4DM,
paired with inclusive diabetes self-management content. AI4DM
is grounded in the SCT [18] and will be designed to serve as a
support system and communication platform between health
coaches, participants with disabilities, and health care providers.

This study applied treatment fidelity strategies and
recommendations from NIH BCC, which includes five fidelity
domains [14]. We have outlined the strategies for assessing,
monitoring, and enhancing our intervention fidelity based on
each of these domains. NIH BCC acts as an important and
comprehensive resource for providing essential strategies to
ensure the internal and external validity of health behavior
change studies [30]. AI4DM will be the first web-based diabetes
self-management program for people with disabilities that is
accessible, inclusive, scalable, and sustainable. Therefore, by
reporting the intervention fidelity protocol in accordance with
NIH BCC recommendations, this paper provides guidance for
other researchers conducting telehealth interventions within
behavioral health settings by serving as an example to develop
fidelity protocols.

Following the NIH BCC framework, we generated detailed
protocols regarding the design, training, delivery, receipt, and
enactment components for the management and implementation

of our program. One of the challenges that we encountered was
using different platforms to manage and monitor the fidelity of
the intervention. Comprehensive protocols that use both an
AI-assisted telecoaching platform and a data management tool,
that is, REDCap, to manage and deliver the intervention. To
prevent potential setbacks in the implementation of the
intervention and increase the applicability of the procedures,
we collaborated with our tech team before finalizing our
protocols. Thus, we expected no drastic changes in the fidelity
processes during the intervention.

We have observed extensive preparatory and postwork before
and after a call through several of our earlier health
coaching–related projects. This often involves reading call notes,
search recipes, manually emailing reminders, and follow-up
messages. Similarly, some studies have pointed out that
variations between coaches are a major limitation for health
coaching [16,31]. All AI-related features and fidelity-related
features also aim to reduce the time required by the coaches,
thereby leading to scalability and sustainability of
self-management behavior by the participants. However,
including telecoaching sessions in the intervention introduces
some challenges, such as therapist drift, which can lead to lower
treatment engagement. In this phenomenon, health coaches may
unintentionally or unknowingly shift from the main topic by
making small changes to the administration of the intervention
[27,32]. In this study, we generated detailed and standardized
health coaching protocols and checklists and provided
standardized training to prevent potential coaching drifts and
maintain intervention integrity. This will help to structure more
effective coaching sessions and potentially affect the internal
validity of the study. Such standardization can contribute to
creating evidence-based coaching sessions that can be
incorporated into other behavior change studies.

Although there is always a threat to fidelity assessment that
participants can provide desirable responses to the coaches,
having a protocol based on NIH BCC criteria will positively
affect the study’s internal or external validity, which will
eventually affect the outcomes and interpretation of the results.
Consistently monitoring fidelity can also provide valuable
insights regarding the implementation of the intervention.
Therefore, in this study, we outlined all the intervention fidelity
strategies and procedures of the AI4DM project to evaluate its
feasibility, acceptability, and preliminary efficacy in adults with
T2DM and permanent impaired mobility.
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Abstract

Background: Cancer survivors frequently report a range of unmet psychological and supportive care needs; these often continue
after treatment has finished and are predictive of psychological distress and poor health-related quality of life. Web-based
interventions demonstrate good efficacy in addressing these concerns and are more accessible than face-to-face interventions.
Finding My Way (FMW) is a web-based, psycho-educational, and cognitive behavioral therapy intervention for cancer survivors
developed in Australia. Previous trials have demonstrated that FMW is acceptable, highly adhered to, and effective in reducing
the impact of distress on quality of life while leading to cost savings through health resource use reduction.

Objective: This study aims to adapt the Australian FMW website for a UK cancer care context and then undertake a single-blinded,
randomized controlled trial of FMW UK against a treatment-as-usual waitlist control.

Methods: To an extent, our trial design replicates the existing Australian randomized controlled trial of FMW. Following a
comprehensive adaptation of the web resource, we will recruit 294 participants (147 per study arm) from across clinical sites in
North West England and North Wales. Participants will have been diagnosed with cancer of any type in the last 6 months, have
received anticancer treatment with curative intent, be aged ≥16 years, be proficient in English, and have access to the internet
and an active email address. Participants will be identified and recruited through the National Institute for Health Research clinical
research network. Measures of distress, quality of life, and health economic outcomes will be collected using a self-report
web-based questionnaire at baseline, midtreatment, posttreatment, and both 3- and 6-month follow-up. Quantitative data will be
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analyzed using intention-to-treat mixed model repeated measures analysis. Embedded semistructured qualitative interviews will
probe engagement with, and experiences of using, FMW UK and suggestions for future improvements.

Results: The website adaptation work was completed in January 2021. A panel of cancer survivors and health care professionals
provided feedback on the test version of FMW UK. Feedback was positive overall, although minor updates were made to website
navigation, inclusivity, terminology, and the wording of the Improving Communication and Sexuality and Intimacy content.
Recruitment for the clinical trial commenced in April 2021. We aim to report on findings from mid-2023.

Conclusions: Replication studies are an important aspect of the scientific process, particularly in psychological and clinical
trial literature, especially in different geographical settings. Before replicating the FMW trial in the UK setting, content updating
was required. If FMW UK now replicates Australian findings, we will have identified a novel and cost-effective method of
psychosocial care delivery for cancer survivors in the United Kingdom.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN) 14317248;
https://www.isrctn.com/ISRCTN14317248

International Registered Report Identifier (IRRID): DERR1-10.2196/31976

(JMIR Res Protoc 2021;10(9):e31976)   doi:10.2196/31976

KEYWORDS

cancer; survivorship; psychosocial intervention; digital health; quality of life; protocol; mobile phone

Introduction

Background
Cancer survivorship rates in the United Kingdom have increased
such that up to 57% of cancer patients in the United Kingdom
can now expect to survive for 10 years [1]. However, there is
regional discrepancy, and survival rates differ across geographic
regions and treatment center catchment areas. Recently
published screening studies suggest a prevalence of distress of
up to 41.5% in adolescents and young adults [2] and 46% in
adult [3] cancer populations. Anxiety, depression, and other
psychological comorbidities significantly impact quality of life
[4]. If left untreated, distress can escalate [5], and a pooled
analysis of 163,363 cancer survivors demonstrated that distress
in some cancer groups predicted higher mortality risk, even
after controlling for age, sex, education, socioeconomic status,
BMI, smoking, and alcohol intake [6]. Our own work in people
diagnosed with the four most common cancers demonstrates
that cognitive and emotional responses to diagnosis can predict
distress [4] and that psychological variables, such as
psychological flexibility, are predictive of distress-related
outcomes independent of clinical and sociodemographic
characteristics [7]. Unmet psychological and supportive care
needs are prevalent in cancer survivors [8-11]; we found that
54% of hematological patients report five or more unmet
supportive care needs [10], and 46% of colorectal patients report
at least one specific psychological need [12]. Therefore, there
is a crucial need to develop effective interventions to manage
psychological distress in cancer survivors.

A recent review of psychological interventions for patients with
cancer [13] concluded that although cognitive behavioral therapy
remains the gold standard treatment choice, we need more
methodologically robust research to determine efficacy and
scope for implementation. There is an excess of small-scale
studies where fully powered trials exploring moderators and
mediators of effects are needed. Research in non–breast cancer
populations is recommended, along with the inclusion of health
economic outcomes, to provide powerful data for clinical service

commissioners. Given the high cost and time invested in
developing new intervention content and delivery formats, one
effective strategy is to adapt existing interventions rather than
waste finite resources to develop novel and competing
interventions. Furthermore, replication studies are important to
demonstrate consistency and generalizability of outcomes and
are recommended in response to the replication crisis in
psychology [14].

A recent systematic review highlighted that one of the top
barriers to accessing psychosocial support identified by patients
with cancer is difficulty with transport to the health service
delivery center [15], although other types of access issues have
been reported elsewhere. To overcome this barrier, recent
research has increasingly investigated the feasibility and efficacy
of web-based psychosocial interventions for patients with cancer
[16]. Web-based delivery methods are also recommended to
overcome the expense of delivering psychological support
[17-19]. Given the recent increases in home-based internet
access in the United Kingdom, especially through the rapid
development and uptake of smartphone and tablet technologies
[20], web-based interventions may address access issues by
widening the potential pool of beneficiaries [21]. They also
overcome the stigma associated with overtly seeking
psychological support [22], and (as demonstrated through the
current COVID-19 pandemic) are a way to ensure continuation
of service where there may be barriers to continued face-to-face
care [23]. Digital psychosocial interventions confer many
potential benefits, including greater convenience, reduced
burden on patients with cancer and caregivers, and reduced
resource use and health care costs, as compared with traditional
face-to-face interventions [24]. However, most clinically
measurable differences associated with web-based psychosocial
interventions for this population fail to meet statistical
significance, a phenomenon likely attributable to study design
rather than a lack of real effect [16]. In addition, there is a need
to identify treatment components involving active user
engagement with web-based exercises to mitigate the lack of
face-to-face interaction.
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One of the most promising web-based interventions for cancer
survivors is Finding My Way (FMW), developed by Beatty et
al [25] in Australia. FMW is the second iteration of a
six-module, web-based, self-guided intervention, initially titled
Cancer Coping Online [26]. It uses psycho-educational and
cognitive behavioral therapy–based theoretical frameworks and
includes exercises from third-wave approaches, for example,
mindfulness and values clarification work exercises. Early pilot
work demonstrated benefits for physical functioning and distress
outcomes [18]. Although between-group differences were not
replicated in a recent, larger, randomized controlled trial (RCT)
[27], this trial compared the intervention group with a low-dose
active control group (identical psychoeducation and video-based
content), with both groups reporting reductions in distress over
time. As such, the lack of significant between-group findings
may be related more to the overlap of content between treatment
groups rather than a lack of efficacy in the web-based
intervention group. This recent RCT found significantly better
emotional functioning and lowered health care use in the FMW
arm, demonstrating both (1) that distress had less functional
impact on quality of life and (2) health service cost reduction
[27]. Adherence was also high [26]. A number of replication
studies of FMW are underway across the world, and FMW has
been adapted for women with advanced breast cancer [28],
demonstrating the flexibility of the program for different
demographic groups and clinical contexts. As such, FMW is a
good candidate for effective support in the UK cancer care
setting, but some adaptation was necessary before
implementation.

Objective
This paper reports on our work undertaken to adapt the
intervention, and the protocol for the ongoing RCT, which tests
its efficacy in a UK National Health Service (NHS) setting. We
aim to test (1) whether outcome effects are replicated or
improved and (2) whether intervention uptake, use, and
acceptability meet feasibility thresholds for implementation in
standard care.

Methods

Trial Design
We will conduct a single-blinded RCT of FMW UK compared
with treatment-as-usual control. Mixed methods data
collection—using self-report questionnaires, quantitative clinical
data extraction, and in-depth interviews—will be undertaken
to investigate efficacy and acceptability. Where possible, trial
design and outcomes replicate the key features of the Australian
RCT of FMW by Beatty et al [27].

All aspects of study design and governance are planned to
involve the expert voices of people affected by cancer as active
partners in the research study. The University of Chester hosted
the study with scrutiny provided by a trial steering group
comprising grant coapplicants (including a cancer survivor
coapplicant), the local research team, a patient, a caregiver, and
a health care professional stakeholder representative. The
steering group meets twice per year, with a smaller project
management group meeting bimonthly to provide operational

oversight. The funder peer-review report is presented in
Multimedia Appendix 1.

The FMW UK Intervention
The FMW UK intervention is designed as a six-week,
self-administered, modularized, web-based program. Written
and video-based information about a range of cancer care topics
and the provision of psychological intervention materials are
supplemented with testimonials from cancer survivors sharing
their experiences and advice. Interactive exercises, including
worksheets, assessment tools, and prerecorded self-guided
mindfulness meditations are included; these experiential
components are likely to boost efficacy [27]. The modules,
released one per week, address common psychosocial concerns
and unmet needs among cancer survivors and are structured
around (1) treatment and communication with treatment teams;
(2) coping with physical symptoms and side effects; (3)
managing distress; (4) challenges to identity, body image, and
sexuality; (5) social support and family concerns; and (6) issues
that arise after treatment. On first accessing the site, users are
prompted to choose the order in which they wish to access
modules to meet their self-determined need priorities. A booster
module is released one month after completion, which recaps
program content and signposts back to earlier modules.

Contextual Adaptation
We began our adaptation of FMW with our local research team
reviewing the information provided to determine which aspects
needed to change for the UK cancer care setting. This included
referencing standard care pathways and services available to
patients with cancer in the United Kingdom and adapting some
terminology to avoid confusion. We reviewed all website content
to identify Australian-specific resources and treatment
information and then worked with our steering group (including
academics, clinicians, and patient and caregiver representatives)
to systematically identify equivalent British information and
signposting resources with which to replace them. Our
adaptation plan was approved by the trial steering group.

Video Content
Each module included an information video, and in the
Australian version, these were recorded by either an oncologist
or a psychologist. In rerecording these videos, we chose to
include a wider variety of professionals, including psychologists,
oncologists, surgeons, and managers of local cancer support
centers with a cancer-nursing background. This change was
undertaken to (1) better represent the multidisciplinary nature
of cancer care in the UK setting and (2) as a tool to increase
diversity and inclusivity throughout the program. These videos
were scripted, including only minor edits from the original
Australian content.

Although much of the content of the cancer survivor testimonial
videos was applicable to a UK-based cohort, we produced a
new set of videos with cancer survivors from the United
Kingdom to maximize the extent to which our participants would
connect and affiliate with the stories and experiences shared.
Using our existing networks, advocacy groups, and
advertisements placed on social media, we recruited nine cancer
survivors from across North Wales and the North West of

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e31976 | p.95https://www.researchprotocols.org/2021/9/e31976
(page number not for citation purposes)

Hulbert-Williams et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


England (Table 1) and undertook individual video-recorded
interviews with each, between August and September 2020.
Survivors were selected to maximize the diversity of interviews,
both demographically and with regard to cancer experiences.
Video interviews were unscripted but followed a standard

question schedule (Textbox 1) that had been used in the
development of the original Australian website and that was
provided to interviewees in advance for preparation purposes.
Videos were reviewed by three team members to select clips
that were edited into thematically linked videos for each module.

Table 1. Characteristics of the cancer survivors who participated in video interviews for the Finding My Way UK website.

Time from diagnosis (years)Cancer typeAge (years)GenderNamea

3Bowel64FemaleJanet

>10Prostate66MaleMartin

6Breast56FemaleSue M

2Bladder47MaleDylan

>10Lung74MaleTerry

4Breast61FemaleSue H

1Breast52FemaleBernadette

4Burkitt lymphoma24FemaleSophie

>10Non-Hodgkin lymphoma31MaleBabz

aParticipants were given the choice to use their actual names or pseudonyms.

Textbox 1. Question schedule for video interviews with cancer survivors to create the Finding My Way UK intervention content.

Question schedule

1. What issues came up for you after diagnosis (and during treatment) in terms of making decisions about treatment, or when discussing things with
your medical treatment team?

2. During treatment, what was your most pressing physical need/concern?

3. During treatment, what was your most pressing emotional need/concern?

4. Some people find that many of their roles change during treatment, and that they aren’t able to do the tasks and activities they usually do, which
then affects the way they feel about themselves. During treatment, how did your roles change and how did this affect you?

5. During treatment, what was your most pressing social need? What surprised you?

6. What things were challenging for you with your family life?

7. If you could give one piece of advice to another person with cancer, what would it be?

8. Over the process of treatment, what was the most confusing issue for you?

9. What did you do to mark the end of your treatment?

10. What advice would you give to other cancer survivors about staying healthy?

11. Some people say that having cancer gave them an opportunity to learn something new about life or themselves. What is the one learning experience
you had that you would not have had if you did not have cancer?

12. Were there any other questions you thought we should have asked?

Video interview participants (survivors and health care
professionals) were reimbursed for their time and travel
expenses, as is good practice for patient and public involvement
in health research [29]. All participants signed a consent form
to permit the ongoing use of their video content after the trial
was complete. Given that these interviews took place during
the COVID-19 pandemic, a rigorous health and safety
assessment was undertaken, and appropriate infection control
measures were implemented. Video recordings (and later editing
work) were undertaken by the research team, given the
difficulties inherent in commissioning this work to an external
company through the intermittent implementation of COVID-19

related social distancing in the United Kingdom during this
time.

Evidence Review
Given that the Australian FMW content was last updated in
2013, we reviewed all research claims made throughout the
website content and conducted literature reviews to identify
which claims were still upheld by recent research. We
subsequently updated the references for some evidence
statements and edited claims that were no longer conclusively
supported by the current evidence base. In brief, this includes
the following:
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• De-emphasizing the strength of claims made about the
benefits of emotional expression and therapeutic writing
[30,31].

• Updated references in relation to benefit finding and
positive adjustment [7].

• Updated reference to support our recommendation for the
benefits of mindfulness-based exercises [32].

• Inclusion of more recent references in relation to the impact
of dyadic influences on adjustment between patients and
their partners [33] and in relation to the benefits of
information on distress levels in close others of people being
treated for cancer [34].

• Reframing of claims made about the benefits of religious
and spiritual beliefs to confirm that these may be helpful
for those with existing beliefs, but that we are not seen as
advocating a change in practices or beliefs.

Web Hosting and User Testing
We commissioned an independent web design company to adapt
the original FMW web-based framework for our purposes. The
website was designed using Wordpress v.5.7.1 (WordPress
Foundation) and was hosted through Kinsta. Videos are
uploaded to YouTube with embedded links provided at relevant
points on the website. The videos are not publicly listed to
prevent access outside of the trial, and the FMW UK website
is restricted to only those with a username and password
provided by our team.

Once an initial test website had been created, we recruited a
panel of four cancer survivors and three health care professionals
to provide user feedback, each of whom was financially
compensated for their input. Cancer survivors were identified
from our initial advertisement for video interview participants,
and health care professionals (oncology and psychology-based)
were identified from existing professional networks. Additional
user testing was performed by the trial steering group. Where
relevant, feedback was integrated into a final website update
(see the Results section) before recruitment commencing.

Participants

Sample Size Calculation
Calculations were based on the primary outcome of change in
cancer-specific distress between the two patient groups. The
original FMW RCT sample size calculation [27] used a
standardized effect size of 0.35 and an SD of 4 units, which
equates to an absolute change in cancer distress scores of 1.4
units. This study observed a larger than expected SD and we
propose a sample size based on a conservative estimate of the
residual SD of 7 units accordingly (but keeping the clinically
relevant difference at the aforementioned 1.4 units). The
correlation between successive measurements on the same
patient is assumed to be high, and so a conservative r=0.70 was
used. Sample size calculations were performed assuming a
paired two-tailed t test using the derived SD of the change in
the primary outcome of 5.42. Assuming a patient attrition of
20% and α of .05, 294 patients (147 per study arm) are required
for a statistical power of 80% [35]. We will allow up to 30%
overrecruitment to mitigate the effects of missing data and to

allow for at least minimal recruitment of less common cancer
types.

Recruitment and Eligibility Criteria
Participants will be recruited from multiple NHS hospital sites
across North West England and North Wales using the National
Institute for Health Research (NIHR) Clinical Research Network
(CRN) research nurses (RNs). Patients will be eligible to take
part if they meet the following inclusion criteria: (a) have been
diagnosed with cancer of any type in the past six months, (b)
received anticancer treatment with curative intent, (c) are aged
16 years or older, (d) are sufficiently proficient in English to
provide informed consent and use the program; and (e) able to
access the internet and have (or be willing to set up) an email
address. Patients will be ineligible or excluded if they have a
severe comorbidity considered to interfere with the individual’s
ability to complete the requirements of the study or to provide
informed consent (eg, intellectual disability or neurological
impairment). Nurses will complete fortnightly screening logs
to provide anonymized information on the number of patients
screened, eligible, and then provided with a trial information
pack to inform later potential implementation decisions.

CRN RNs will screen regular multidisciplinary team meeting
records for eligible patients and identify when their next clinical
appointment will be. The CRN RN will approach each patient
face-to-face to tell them about the study and provide an
information pack. Where no appointment is planned within the
subsequent 6 weeks, or where face-to-face introduction would
be otherwise problematic (eg, lack of private space to discuss
the study), our protocol permits a telephone introduction to the
study. At the start of recruitment, records of existing
multidisciplinary team meetings will be retrospectively searched
for any patients meeting the eligibility criteria, although we
anticipate that the majority of our sample will be recruited
through prospective recruitment over a 12-month recruitment
period.

Assuming a conservative 40% consent rate [27], we estimate
that 735 patients will need to be approached to reach our target
sample size. We will recruit a range of cancer teams to ensure
clinical diagnostic and demographic variability.

Procedure
After reading information provided by the CRN RNs, patients
wishing to take part in the study can access our study recruitment
website via a link in their information pack. This provides a full
trial information sheet and access to a web-based consent form.
Once their consent is submitted, participants are redirected
immediately to the baseline survey via the Qualtrics survey
platform (Qualtrics). Participants also will receive an automated
email with a link to complete the baseline questionnaire at a
later date or in a number of sittings if they prefer. Upon full
completion of the baseline questionnaire, an unblinded member
of the research team will complete the study arm allocation
using a computerized randomization allocation system using
REDCap software (Vanderbilt University) [36]. The
randomization algorithm was set up to ensure equal numbers
of participants in both the intervention and control arms,
stratified by cancer diagnosis to ensure the spread of patients
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across both trial arms. The randomization system was set up
and is overseen by the Liverpool Clinical Trials Centre.
Following allocation, participants are either emailed account
details to access the FMW UK website (intervention group) or
sent a PDF copy of a site-specific information pack listing

existing local and national sources of psychosocial support that
they can access as part of treatment as usual (control group;
Figure 1). Control participants also have the option to receive
a hard copy of the information pack via the post.

Figure 1. Procedure for the Finding My Way UK Clinical Trial. CRN: Clinical Research Network; FMW: Finding My Way; NIHR: National Institute
for Health Research.

Those given immediate access to FMW UK are encouraged to
log in within one week, study the instruction materials provided,
and select the order in which they would like to receive access

to the intervention modules (if no preference is given,
participants receive in default numerical order). A reminder
(text or phone, as preferred) is then sent if they have not logged
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in during this time. Modules are then automatically released
once per week; access to the booster module is also released
one month after completion of the main program. Regular
automated email reminders are sent as new modules are released
each week.

At the point of being informed of intervention allocation,
automated email reminders to complete the study questionnaires
are set up through Qualtrics. Text messages or phone call
reminders (as preferred) are sent for a period of 7 days without
submission of any specific questionnaire. Questionnaires are
completed at the end of the third (midintervention) and sixth
(posttreatment) week, and then at 3- and 6-month follow-ups,
both timed from the release of the posttreatment questionnaire.
Participants are sent a debrief sheet at this point, and control
arm participants are granted access to the FMW UK website.
At this point, CRN RNs complete clinical data extraction from
hospital records using a standard form; this includes information
about the date of diagnosis, primary or recurrent diagnosis,
curative or palliative treatment intent, principle treatment
approach adopted (surgery, chemotherapy, radiotherapy, or
watch-and-wait), date of the end of active treatment (if
applicable), date of any recurrence or relapse (if applicable),
date of death (if applicable), known referrals to mental health
care teams since diagnosis, number of days of inpatient care
since study enrollment and types of health care professionals

seen during these stays, the number of outpatient visits since
study enrollment and types of health care professionals seen
during these visits, and any diagnostic tests conducted since
study enrollment. As this study is registered on the UK NIHR
CRN Portfolio, costs for most CRN RN activities (both
recruitment and clinical data collection) are covered by CRN
Study Support Services, with costs for additional archiving at
each site reimbursed by the clinical trial research grant.

Measures

Study Outcomes
We will ask participants to self-report the following
demographic characteristics: age, gender, sexuality, ethnicity,
employment, education, marital status, household income, and
postcode (to calculate the index of multiple deprivation). The
following list of self-report questionnaires is then administered
throughout the study (Table 2). We sought to use measures
consistent with the original Australian FMW study to most
closely replicate this previous clinical trial. Exceptions include
(1) a briefer measure was identified to reduce participant burden
(eg, using the Psychological Impact of Cancer Scale [37] rather
than the mini-Mental Adjustment to Cancer Scale [38]); (2) an
additional measure was required to assess psychological
flexibility, our hypothesized mediator of the intervention effect;
and (3) a UK-specific measure of health resource use was needed
for context-specific health economic assessment.

Table 2. Schedule of questionnaire administration.

6-month fol-
low-up

3-month fol-
low-up

End of Finding
My Way UK

Beginning of
sixth module

Midpoint assess-
ment

Baseline assess-
ment

Variable

✓aDemographic characteristics

✓✓✓✓✓Cancer-specific distress (Post-Traumatic
Stress Scale)

✓✓✓✓✓Psychological well-being (Depression,
Anxiety, and Stress Scales 21-item ver-
sion)

✓✓✓✓✓Quality of life (QLQ-C30b)

✓✓✓✓✓Psychological adjustment to cancer (the
Psychological Impact of Cancer Scale)

✓✓✓✓✓Health care use (the UK Cancer Costs
Questionnaire)

✓Perceived social support (the Medical
Outcome Study Social Support Survey)

✓Emotion regulation (Difficulties in Emo-
tion Regulation Scale)

✓Information-seeking preferences (the
Miller Behavioral Style Scale)

✓✓✓✓✓Psychological flexibility (the CompACT
Questionnaire)

✓Engagement with intervention (Self-Help
Compliance Scale)

aAssessment performed.
bQLQ-C30: European Organisation for Research and Treatment of Cancer Quality of Life Core Questionnaire.
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Primary Outcome
The primary trial outcome variable was cancer-specific distress.
For this variable, we will use the Post-Traumatic Stress Scale
[39], a 17-item measure in which participants respond on a
4-point Likert scale, where responses are anchored from 0 (not
at all or only one time) to 3 (5 or more times per week or almost
always). The Post-Traumatic Stress Scale is associated with
excellent internal consistency reliability (α=.91) [39] and has
good concurrent validity, including strong positive correlations
with other measures of trauma-related intrusion and avoidance,
anxiety, and depression [39]. Higher scores on the
Post-Traumatic Stress Scale indicate a greater severity of
cancer-specific distress.

Secondary Outcomes

Psychological Well-being

The Depression, Anxiety, and Stress Scales, 21-item version
[40] is a short measure of negative emotions experienced over
the course of the past week for the individual. Each item is
scored on a 4-point Likert scale, anchored from 0 (did not apply
to me at all) to 3 (applied to me very much or most of the time).
Total scores for each subscale of the Depression, Anxiety, and
Stress Scales, 21-item version can be calculated, where higher
scores indicate greater levels of depression, anxiety, and stress.
The scale has good internal reliability (depression, α=.91;
anxiety, α=.81; stress, α=.89), and concurrent validity, including
strong positive correlations with other measures of depressive
symptoms and anxiety [40].

Quality of Life

The European Organisation for Research and Treatment of
Cancer Quality of Life Core Questionnaire (QLQ-C30) [41] is
a 30-item quality of life assessment for cancer patients, which
yields a global quality of life score and five functional subscale
scores associated with physical, emotional, social, role, and
cognitive quality of life domains. In total, 28 items are presented
on a 4-point Likert scale ranging from 1 (not at all) to 4 (very
much). The final two items assessing subjective assessment of
overall health and quality of life are presented on a 7-point
Likert scale anchored from 1 (very poor) to 7 (excellent). The
global score for the QLQ-C30 is associated with good internal
consistency reliability (α=.86) and has good concurrent validity,
with both global quality of life and domain subscales
significantly positively correlated with performance status
throughout treatment [41]. A higher global score on the
QLQ-C30 indicates a greater quality of life. The QLQ-C30
score can be converted into an indication of Quality-Adjusted
Life Years for use in health economic analysis.

Psychological Impact of Cancer

The Psychological Impact of Cancer Scale [37] is a 12-item
self-report measure of psychological adjustment to cancer. Each
item is presented on a 4-point Likert scale anchored from 1
(definitely does not apply to me) to 4 (definitely applied to me).
The Psychological Impact of Cancer Scale yields four subscale
scores: cognitive distress, cognitive avoidance, emotional
distress, and fighting spirit. Greater scores on each subscale
indicate greater levels of the named construct (eg, a greater
score on the Cognitive Distress subscale indicates greater levels

of cognitive distress). The fighting spirit subscale will not be
included because of underlying psychometric property issues
[37]; the remaining three scales have reasonable internal
consistency reliability (α≥.62) and good concurrent validity
with longer measures of psychological adjustment to cancer
[37].

The UK Cancer Costs Questionnaire

The UK Cancer Costs Questionnaire [42] is a flexible modular
self-report measure of resource use by people with cancer and
those with a previous diagnosis of cancer. The UK Cancer Costs
Questionnaire assesses employment status, family support
provided, government benefits received, and support provided
by other organizations over the previous 3 months. The UK
Cancer Costs Questionnaire prioritizes brevity to minimize the
burden of data collection for participants. For full health care
use outcome data, this self-report questionnaire is supplemented
by health service resource use data extracted from clinical
records and the calculation of Quality-Adjusted Life Years from
the QLQ-C30.

Potential Intervention Moderator or Mediators

Rationale for Moderator and Mediator Analyses

In psychological intervention research, it is important to include
measures of the hypothesized variables being acted upon to (1)
verify cause-and-effect relationships on outcome improvements
and (2) identify any important moderator and mediator analyses
that may need to be undertaken [13]. The following measures
were identified as likely moderators of the effectiveness of the
intervention and have been informed in large part by a moderator
analysis of the Australian FMW Trial [43].

Perceived Social Support

The Medical Outcome Study (MOS) Social Support survey [44]
is a 20-item measure, with items presented as a 5-point Likert
scale anchored from 1 (none of the time) to 5 (all of the time).
The MOS Social Support Survey yields four subscale scores:
emotional or informational support, tangible support,
affectionate support, and positive social interactions. Each
subscale is associated with excellent internal consistency
reliability (α>.91) [44]. The MOS Social Support Survey is
associated with good convergent validity with measures of
family ties, family functioning, and mental health, and good
divergent validity with measures of purely physical health [44].
Higher scores on individual subscales and the overall support
index indicate greater social support.

Emotion Regulation

The Difficulties in Emotion Regulation Scale [45] is a 36-item
self-report measure of six dimensions of emotion regulation
difficulties: lack of awareness of emotional responses, lack of
clarity of emotional responses, nonacceptance of emotional
responses, limited access to emotion regulation strategies
perceived as effective, difficulties controlling impulses when
experiencing negative emotions, and difficulties engaging in
goal-directed behaviors when experiencing negative emotions.
Each item is scored on a 5-point Likert scale ranging from 1
(almost never) to 5 (almost always). The global difficulties in
emotional regulation scale is associated with excellent internal
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consistency reliability (α=.93), and each subscale is associated
with good internal consistency reliability (α>.80) [45]. The
Difficulties in Emotion Regulation Scale is associated with good
construct validity and predictive validity [45]. Higher scores
on the Difficulties in Emotion Regulation Scale indicate greater
problems with emotion regulation.

Information-Seeking Preferences

The Miller Behavioral Style Scale [46] is a self-report measure
of information-seeking preferences. The scale identifies
individual preferences for seeking threat-related cues (monitors)
versus seeking distraction to minimize exposure to threat-related
cues (blunters). The scale prompts participants to imagine four
stressful scenarios, each of which is followed by eight statements
that describe different ways of coping with the stressor.
Participants are asked to select all the statements that apply to
them. The Miller Behavioral Style Scale is associated with good
test-retest reliability over a 4-month period (monitoring subscale
r=0.72; blunting subscale r=0.75) and high construct validity,
as indicated by high correspondence with information-seeking
behavior in a stress-inducing laboratory task [46]. Higher scores
on the Miller Behavioral Style Scale indicate greater tendencies
for monitoring information-seeking preference, rather than
blunting information-seeking preference.

Self-help Compliance

The Self-Help Compliance Scale [47] is a brief measure
assessing engagement with self-guided psychological
interventions. The scale consists of 3 items presented on a
5-point Likert-type scale assessing the amount of information
participants read (anchored from 0% to 100%), the number of
suggestions and worksheets participants completed (anchored
from 0% to 100%), and how much time participants spent using
the program per week (anchored from None to 61+ minutes).
The questionnaire also includes one open question asking
participants what other psychological treatment they had
received during the program.

We also predict that psychological flexibility will mediate the
effect of the UK-adapted FMW intervention. We operationalized
psychological flexibility using CompACT [48].

Psychological Flexibility

The CompACT [48] is a 23-item self-report measure of
psychological flexibility, allowing the calculation of subscale
scores for (1) openness to experience, (2) behavioral awareness,
and (3) valued action. Each item is presented on a 7-point Likert
scale ranging from 0 (strongly disagree) to 6 (strongly agree).
The CompACT has adequate internal consistency reliability
(average interitem correlation, r=0.34), good convergent
validity, and good discriminant validity [48]. Higher scores on
CompACT indicate greater psychological flexibility.

Embedded Qualitative Interviews
We will purposively recruit 20-30 participants from the
intervention group (ensuring a range of age, gender, cancer type,
and website engagement) to participate in a semistructured
interview 2-4 weeks after trial completion. Semistructured
interviews will be used to allow flexibility in the focus of
interviews for each participant [49], in-depth probing of

individuals’ experiences using the FMW UK website, and
factors that affect acceptability and engagement. Participants
willing to take part in this embedded study will be offered the
option to complete the interview in person (either at the
university or in their own home) or via telephone or video call,
provided the chosen interview mode adheres to any government
and workplace COVID-19-related social distancing rules at the
time. Any travel cost will be reimbursed. Our interview topic
guide will probe for participants’ frequency of website use and,
if applicable, reasons for low use, overall evaluation and
perceived usefulness of the FMW program, and any suggestions
for improvement, which are important components of
acceptability and will be used to inform both refinements of the
intervention materials and any planning for implementation
after the trial is complete. All qualitative interviews will be
audio-recorded and transcribed verbatim for later analysis.

Analysis
The analysis plan matches the Australian FMW RCT [27] as
closely as possible. Members of the research team involved in
the analysis will be blinded to the condition allocation until the
end of the trial. First, we will conduct data cleaning to ensure
that all data values are possible and plausible. Errant data entries
will be deleted from the final analysis data set and missing data
will be handled using either prorating or imputation methods
as is (1) appropriate to the collected data and (2) congruent with
the specific scoring instructions for the psychometric measure
from which there is a missing response.

Descriptive statistics will be used to provide sample
characteristic information and to identify any potentially
prognostic demographic or clinical covariates. Inferential
statistical analyses are powered to undertake mixed model
repeated measures analyses to examine intervention effects on
change from baseline to follow-up for each outcome, using
intention-to-treat analysis. Two models will be run for each:
(1) unadjusted, accounting for covariance of baseline measures
of outcomes and (2) fully adjusted, controlling for all potential
confounding variables assessed. Where possible and adequately
powered, we will include potential confounders in our analyses
and evaluate the effects of missing data using sensitivity
analysis. Cohen d effect sizes reflect intervention effects, and
clinically significant changes will be assessed using reliable
change indices. The health care use outcome will be summarized
descriptively for activity counts and cumulative costs estimated
by assigning unit costs to units of activity. Cost summaries are
derived from discrete payer perspectives. Generalized linear
models will be used to adjust for the same confounding variables
as in the efficacy analysis. All quantitative data analyses will
be undertaken in R software (R Foundation for Statistical
Computing) [50] where possible, with any supplementary
analyses conducted in IBM SPSS as appropriate.

Qualitative data collected during the embedded qualitative
interviews will be analyzed using thematic analysis [51]. In
accordance with best practice guidance for thematic analysis,
analysis will be undertaken by one member of the local research
team with a proportion audited independently by a second
researcher. A small subgroup of the trial steering group will
then be convened to review the preliminary thematic structure
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and provide feedback. Qualitative analysis will be performed
using the NVivo software (QSR International).

Data Sharing Plan
As part of our commitment to transparent open science practices,
anonymized quantitative data sets generated from the trial will
be stored and made available through the Open Science
Framework following the publication of trial findings. These
data will include the primary and secondary outcome measures,
demographic and clinical data, and any moderating or mediating
variables that we ultimately include in all planned and
exploratory analyses. We will not include the name of the
participants’ recruiting cancer centers in the interest of
maintaining participant anonymity. Participants will be asked
to explicitly consent for their anonymized data to be shared with
other members of the research community in this way.

Given the focused nature of the qualitative interview schedule
(ie, engagement with, views on, and suggestions for improving
FMW UK), and the ethical risks involved in releasing qualitative
data openly because of the difficulties in adequately
deidentifying data, we do not currently plan to share data from
this aspect of the trial. However, we will review best practice
guidelines as they change over the course of the project and
review this aspect of the data sharing policy at the time of
project completion.

Monitoring of Adverse Events
We have risk-assessed the potential for serious adverse events
from this clinical trial to be low. When a member of the research
team is contacted by a participant reporting an adverse event
(including elevated psychological distress), they will follow a
standard protocol to assess the seriousness of the situation. In
the case of disclosure of suicidality and immediate safety
concerns, the researcher will contact emergency services and
remain on the telephone with the participant until they arrive.
In all other cases, the researcher will provide signposting to
additional psychological support available as part of standard
care, including to the general practitioner and clinical team. All
adverse events will be reported to the principal investigator who
will assess the severity of the event and report it to the study
sponsor (and NHS Research Ethics Committee in the case of a
serious adverse event). Provided that participants have provided
consent for us to do so, we will also report the adverse event to
the clinical team so that a member of the relevant care team can
contact the participant to ensure that appropriate support is put
into place.

Ethical Approval and Trial Registration
Ethical review was sought from the University of Chester
Department of Psychology Ethics Committee to trigger
agreement from the university to act as study sponsor. Full
approval was obtained from the NHS Research Ethics
Committee (reference: 21/WA/0029), leading to the approval
of the Health Research Authority, followed by site-specific
research governance approvals at each site. As one of our sites
is in Wales, professional Welsh translations of study information
are being provided for use at that site, in accordance with the
Welsh Language Act (1993) [52]. The trial was registered on
the ISRCTN (International Standard Randomized Controlled

Trial Number; reference: ISRCTN14317248; date registered
08/04/2021). We have established a trial profile on the Open
Science Framework (DOI 10.17605/OSF.IO/ZSHBQ; date
registered: May 18, 2021) to facilitate the later sharing of data.
The trial was designed in accordance with the principles for
medical research involving human subjects, as laid down in the
World Medical Association Declaration of Helsinki.

Results

The grant for this trial was awarded by the North West Cancer
Research in September 2019. The project commenced in April
2020, but the initial progress was slower than expected because
of the impact of the COVID-19 pandemic on health research in
the United Kingdom [53].

User Testing of the Adapted FMW Program
All intervention adaptation work was completed by January
2021. User feedback from our panel of three health care
professionals and four cancer survivor volunteers was then
collated. The overall response was positive, with health care
professionals noting that the program was helpful and supportive
and that they would recommend it to their patients. The cancer
survivors also praised the program, stating that they wished
they had had access to something similar during treatment.
Some minor changes were recommended, as summarized below.

First, a number of technical issues were highlighted and
corrected, including the following:

• The website tutorial and resources tab were made to be
more prominently visible through altered placement and
graphical appearance on the webpage.

• Some navigational issues were also highlighted, with some
links not working and others navigating to the wrong page.

• The embedded YouTube videos were set up as playlists,
which means that each one, on completion, linked to the
next video in the playlist, giving a preview to what was to
come in other modules. YouTube has the option to easily
disable this feature.

• The linked content was reprogrammed to launch in a new
tab to prevent users from becoming lost in the underlying
web architecture.

Second, user feedback highlighted some areas where content
could be more inclusive. For example, some occurrences of
gendered language were replaced with more inclusive language
(they or them), and the skin tone of some cartoon images was
varied to represent the population diversity of our target
recruitment area. Minor changes were made to correct a
perceived bias toward breast cancer and to be more inclusive
of those without a faith belief or religion.

Third, some aspects of terminology were perceived as outdated
(eg, taking the telephone off the hook) and were thus replaced
(eg, turning your mobile off). Similarly, recommendations for
meeting new people and maintaining social support were
updated to reflect the drive toward social media over traditional
media. Some minor changes were made to the language used
to refer to different types of health care professionals used in
the UK health care system.
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Finally, changes were recommended to the flow of the
Improving Communication page and a greater range of linked
or recommended charities and support organizations were added
to the support pages. One participant recommended changes to
the Sexuality and Intimacy section related to safe sex practices
during cancer treatment, which were then researched and
rewritten by our team to align with current NHS guidance [54].

Clinical Trial Progress
We launched recruitment for the clinical trial in late April 2021,
initially at our two largest hospital centers. The remaining sites
will begin recruiting from the summer of 2021. We plan to
complete recruitment by February 2022, with all follow-up
quantitative data collection completed by October 2022 and all
qualitative interviews completed by December 2022. Data
analysis will then take place. We aim to report on the findings
from the trial from spring 2023.

Discussion

Trial Status
The FMW program of psychological support has yielded
promising results among recently diagnosed adult cancer
survivors in Australia [25-27]. However, the adaptation work
described in this protocol was necessary to make this program
suitable for implementation in the United Kingdom. Including
equipment, web design, videography, and patient and public
reimbursement, our adaptation work has costed in the region
of £25,000 (US $34,593; excluding staffing costs), taking
approximately 10 months to complete. This was a considerable
undertaking but still represents a very substantial cost saving
compared with developing a new intervention from scratch
[55,56]. These efforts were important and justified, given the
positive feedback reported by our user testing group.
Importantly, our approach to adaptation of the website content
allowed us to adopt some elements of co-design with patient
experts [57], as recommended by the UK NIHR [58]. This
approach to close—and active—partnership work with our
broader expert stakeholders will not only increase the
acceptability of our adaptation [59] but will also enhance the
possibility for later implementation and impact [60] across the
United Kingdom, should this trial demonstrate efficacy.

The FMW UK clinical trial, which is now underway, will test
the efficacy of this program in reducing cancer-specific distress,
improving well-being, and reducing the need for broader health

care use. As much as possible, we retained (or improved)
features of the original Australian RCT to ensure that our work
can act as a replication trial. Replication studies are an important
aspect of the scientific process [61] and have an important place
in psychological [62], broader health sciences [63], and clinical
trials [64] literature. Our mixed methods design is important to
the integrity of our trial and offers not only efficacy and
cost-effectiveness information but also information on the
sociocultural context and lived experiences of participants
engaged in the intervention [65].

If our UK-based trial does indeed replicate the Australian
findings, then this research study will have identified a novel
and cost-effective method of psychosocial care delivery for
cancer survivors in the NHS. This will of course be limited to
those particular sites from which we are recruiting (ie, in North
West England and North Wales), and so some additional work
may need to be undertaken to explore potential barriers and
appropriate pathways for rapid implementation and evaluation
across other parts of the United Kingdom.

Dissemination Plans
To contribute to the transparency of our clinical trial, a full and
detailed trial protocol is available as an open resource through
the Open Science Framework (DOI 10.17605/OSF.IO/ZSHBQ).

Our primary scientific dissemination will be through
high-quality peer-reviewed journal articles and relevant national
and international conferences. We will prioritize journals and
conferences that maximize dissemination to cancer care
clinicians as well as psychosocial oncology researchers. Our
study is registered on the NIHR CRN Cancer Portfolio, and we
will work with the NIHR, NHS sites involved in recruitment,
and with our existing network of charity partners to maximize
dissemination opportunities. We will ensure dissemination to
the public through regular newsletters to trial participants and
an annual public lecture event. Our cancer survivor
coinvestigator will be part of the authorship team for all of our
dissemination activities, and we aim to include our additional
patient, caregiver, and health care stakeholders on the trial
steering group in contributing to lay summaries and public
dissemination activities.

On completion of the FMW UK trial, our dedicated YouTube
channel containing both health care professionals and edited
cancer survivor videos will be publicly listed to ensure
maximized societal benefit.
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Abstract

Background: Breast cancer is the most prevalent type of cancer among Asian American women. Chinese American immigrant
breast cancer survivors face unique challenges because of cultural and socioecological factors. They report emotional distress
and the need for social, emotional, and spiritual support. However, culturally and linguistically appropriate information for
managing survivorship health care is often unavailable.

Objective: To improve the health outcomes for this underserved and understudied population, we developed, designed, and
launched a randomized controlled trial to test the health benefits of a culturally sensitive social support intervention (Joy Luck
Academy). In this paper, we describe the research protocol.

Methods: This randomized controlled trial will enroll Chinese-speaking, stage 0 to 3 breast cancer survivors who have completed
treatment within the previous 36 months using a community-based participatory research approach. We will randomly assign
168 participants to the intervention or control group. The intervention arm will attend 7 weekly 3.5-hour peer mentor and
educational sessions. The control group will receive the educational information. We will assess health outcomes at baseline,
immediately after the Joy Luck Academy, and at 1- and 4-month follow-ups. The primary outcome is quality of life, as measured
by the Functional Assessment of Cancer Therapy scale. Secondary outcomes include depressive symptoms, positive affect, fatigue,
and perceived stress. We will also explore how the intervention influences cortisol levels. To identify how and to whom the
program is effective, we will measure social and personal resources and theorized mechanisms and perform qualitative interviews
with a subsample of participants to enhance the interpretation of quantitative data.

Results: Recruitment began in February 2015, and data collection was completed in February 2019. We expect to complete
data management by August 2021 and publish results in 2022.

Conclusions: If the Joy Luck Academy is demonstrated to be effective, it may be easily disseminated as an intervention for
other groups of Asian American immigrant breast cancer survivors. Furthermore, similar programs could be integrated into other
diverse communities.

Trial Registration: ClinicalTrials.gov NCT02946697; http://clinicaltrials.gov/ct2/show/NCT02946697.
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Introduction

Background
Breast cancer is the most prevalent type of cancer among Asian
American women, and its incidence is increasing [1,2]. Higher
survival rates have led to a greater focus on improving cancer
survivors’quality of life [3,4]. Asian American immigrant breast
cancer survivors continue to face unique challenges because of
cultural and socioecological factors [5,6]. Although they
commonly report emotional distress and express the need for
social, emotional, and spiritual support [7], they are less likely
to seek support from family, friends, or mental health
professionals than White Americans [8]. Asian American breast
cancer survivors report cultural stigma toward cancer, gender
role socialization as caregivers, and fear of burdening family
as barriers to seeking support [6-9]. In addition, they lack
culturally and linguistically appropriate information to manage
their survivorship health care [7,10]. Limited English proficiency
also limits survivors’ ability to communicate with health care
providers, understand health-related information, and make
decisions about survivorship care [7]. Thus, Asian American
breast cancer survivors have various informational and
psychosocial needs that are not addressed by existing
evidence-based interventions.

Psychosocial interventions delivered after the completion of
primary oncologic treatment have improved the quality of life
of breast cancer survivors [11,12]. A systematic review and
meta-analysis of different psychosocial interventions showed
improvement in emotional distress, anxiety, depression, and
quality of life after treatment [12]. For example, women
undergoing educational and nutritional interventions showed
fewer depressive symptoms and improved physical functioning
at follow-up [13]. Psychosocial interventions (supportive,
expressive discussion groups) reduced loneliness, promoted
hope, and enhanced the quality of life in women with breast
cancer [14]. In addition, women who lacked personal resources
(eg, self-esteem) or social support were more likely than those
with these resources to show physical health improvements
after participating in a psychosocial intervention [15].

Most previous interventions on breast cancer survivorship have
been conducted among English-speaking, highly educated White
women. Sociocultural differences between White and Asian
American immigrant women may limit the applicability of
existing interventions to Asian American breast cancer
survivors. For example, 50% of Asian Americans do not speak
fluent English [16]; however, existing interventions do not
address language barriers in communication between patients
and health care providers. Moreover, existing interventions do
not target cultural factors that affect the quality of life, service
use, or support-seeking attitudes among Asian American cancer
survivors. Hence, although psychosocial interventions confer

significant benefits to health and well-being, existing
interventions may not address the specific needs of Asian
American breast cancer survivors.

The Joy Luck Academy program was developed for
Chinese-speaking breast cancer survivors [17], using a
community-based participatory research (CBPR) approach
(ClinicalTrials.gov NCT02946697) [18-21]. The Joy Luck
Academy includes two components: education and peer mentor
support. Each component was chosen based on the needs of this
group, including lack of knowledge about breast cancer and
survivorship management, feelings of loneliness, lack of
emotional support, communication difficulties, and body image
concern [22].

The results of a pilot study suggested that Joy Luck Academy
has the potential to improve well-being among Chinese
American breast cancer survivors [17,23]. Furthermore,
qualitative data revealed that Joy Luck Academy reduced
perceived stigma and loneliness and increased a sense of
belonging by providing a forum for participants to share their
experiences with women of similar cultural backgrounds [17].
The pilot study results confirmed that the intervention was
feasible and valued by Chinese American breast cancer
populations and that the CBPR approach improved the cultural
sensitivity of the intervention.

Objectives
We planned a randomized controlled trial (RCT) to test the
health benefits of Joy Luck Academy and identify how and to
whom the Joy Luck Academy is effective using a CBPR
approach and mixed methods. This study is the first RCT to test
a culturally and linguistically sensitive intervention designed
to address the informational and emotional needs of Chinese
American breast cancer survivors.

The primary aim of this study is to test the health benefits of a
culturally sensitive social support program for Chinese American
breast cancer survivors (aim 1). We hypothesize that the
program will confer health benefits, as indicated by
improvements in outcomes. The primary outcome is quality of
life; the secondary outcomes are depressive symptoms, fatigue,
positive affect, and perceived stress. We also expect that the
intervention will normalize diurnal cortisol levels, an exploratory
outcome. Secondary objectives include identifying the
characteristics of individuals who benefit from the Joy Luck
Academy (aim 2) and understanding the underlying mechanisms
(aim 3). On the basis of the literature and our pilot study [15,17],
we hypothesize that Joy Luck Academy will be more effective
for women who lack psychosocial resources, specifically, those
with low levels of social support, optimism, and perceived
control over illness. We hypothesize that the Joy Luck Academy
will increase relatedness need satisfaction and coping
self-efficacy and decrease cancer-related perceived stigma,
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leading to health benefits (ie, mediators of the intervention
effect).

Methods

Overview
We will conduct an RCT in Chinese American breast cancer
survivors who have completed primary treatment. Participants
will be randomly assigned to the Joy Luck Academy intervention
or control group. Health outcomes will be assessed at baseline
and immediately after the intervention (7 weeks after baseline)
and at 1 and 4 months after completing the Joy Luck Academy.
All study materials will be in Chinese.

Participants
We will recruit 168 Chinese American breast cancer survivors,
as determined by a sample size calculation (described below in
Power Analysis section). Experienced researchers and
community staff who speak fluent Chinese (Cantonese or
Mandarin) will introduce potential participants to the study,
screen them for eligibility, and invite them to participate; if they
decline to participate, their reasons for declining will be
documented. Upon completion of the study, each participant
will be given prorated US $180 in gift cards as compensation.

Eligibility Criteria
The inclusion criteria were (1) self-identifying as being
comfortable speaking Mandarin or Cantonese, (2) women having
stage 0 to 3 breast cancer, and (3) having completed primary
treatment (surgery, chemotherapy, or radiotherapy) within the
previous 36 months.

Recruitment
Participants will be recruited from the Greater Los Angeles area
in Southern California. We will identify and recruit potential
participants via a community organization (Herald Cancer
Association [HCA]) and local advertising. The HCA provides
many community services, including providing
Chinese-language cancer information brochures. The HCA
maintains a large database of primarily Chinese immigrant
breast cancer survivors, who registered with the HCA to obtain
educational and informational resources. The HCA will contact
individuals on their client list, advertise the study in their
monthly newsletters, ask for referrals from participants, and
promote the study at cancer survivor events. Targeted
announcements will be used in the Chinese American
community to reach women who are not in the HCA database.
The San Gabriel Valley region of Los Angeles County has the
largest concentration of Chinese American communities in the
United States [24]. Announcements will be distributed to local
clinics, doctors’ offices, and other patient services.

Consent
We will obtain approval from the human subjects protection
committees of the University of Houston (Houston, Texas), the
University of Texas MD Anderson Cancer Center (Houston,
Texas), and the California Cancer Registry (Sacramento,
California) to conduct this RCT. Written informed consent will

be required before participation from each participant and will
be obtained by the HCA.

Power Analysis
Power analysis was based on the primary aim of this trial.
Specifically, we calculated the sample size required to detect
the effect of Joy Luck Academy on the primary outcome (quality
of life at the 4-month follow-up assessment). In our primary
analyses, we will use maximum likelihood-type (eg, restricted
maximum likelihood) estimation procedures based on all
observed data, assuming a missing-at-random mechanism [25].
The pilot study revealed that the Joy Luck Academy had an
intermediate or higher effect on improving participants’ quality
of life (Cohen d=0.47), depressive symptoms (Cohen d=0.55),
and positive affect (Cohen d=0.62). On the basis of a targeted
medium effect size of Cohen d=0.47, we estimated that a total
sample size of 146 women at the 4-month follow-up would
yield 80% power to detect this treatment effect at α=.05 (nQuery
Advisor Version 7.0, Statistical Solutions Ltd). Assuming an
attrition rate of 10%-20%, the final recruitment goal will range
between 162 and 183 at the baseline.

Randomization
Participants who consent to participate will be randomly
assigned to the Joy Luck Academy or control group at an
approximate 1:1 ratio. Using minimization—a covariate adaptive
randomization approach [26]—we will assign a participant to
the intervention or control group by applying a randomization
algorithm that will take into account participants’ age, stage of
cancer, and time since completing treatment. This covariate
information will be obtained by the HCA staff during the
participant screening process. Randomization will start 4 weeks
before the orientation scheduled start date and continue until
the recruitment goal is reached or until 1 week before the start
of each cohort study. Only the researcher conducting random
assignments and the person who informs participants of their
group allocation will be aware of the condition assignment.

Intervention Group
Each Joy Luck Academy intervention program will enroll a
maximum of 24 participants. We plan to deliver seven Joy Luck
Academy programs during the project period. The Joy Luck
Academy programs will have the same instructors, lectures, and
support materials to ensure the fidelity of programs delivered
at different times.

Joy Luck Academy participants will meet for 3.5 hours once a
week for 7 consecutive weeks. Each session will begin with a
30-minute breakfast to allow for informal conversations among
participants (mentees) and mentors. The meal is followed by a
lecture given by the instructors on cancer-related topics and a
question-answer session. After the lecture, 15 minutes of
physical exercise will be engaged, followed by a 15-minute
break. After the break, participants will join class activities and
group sharing in the format of a large group sharing led by a
Joy Luck Academy program facilitator, a small group sharing
led by peer mentors, or a combination of both. The lecture,
question-answer, class activities, and group sharing take about
2.5 hours in total.
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Joy Luck Academy lecture topics include recognizing the side
effects of treatment and differentiating them from the symptoms
of cancer recurrence, physical therapy and complementary
treatments, stress management, recognizing depression and
managing emotional problems, communication with family
members, and body image. The Joy Luck Academy instructors
are professionals who are experienced in breast cancer treatment
and support, including a breast surgeon, a clinical psychologist,
a physical therapist, a dietitian, and a beautician. They will give
lectures in their areas of expertise and answer the Joy Luck
Academy participants’ questions. Some sessions will be audio
recorded to determine fidelity to the protocol, lecture plan, and
activity objectives.

Each peer mentor will work with 3 to 5 mentees. Peer mentors
will lead small group discussions on that week’s topic and share
their own experiences with mentees. This setup will encourage
and allow mentees to share personal feelings in a relaxed and
comfortable setting and receive support and advice. Mentors
will also contact mentees once a week during the 7-week
program to provide guidance and address remaining concerns.
Each participant will be assigned to a volunteer peer mentor
who is a breast cancer survivor and speaks a similar Chinese
dialect. Mentors will be recruited from graduates of Joy Luck
Academy pilot programs. Each potential mentor will be
evaluated by the program facilitator based on the potential
mentor’s engagement in the program and support of other
participants during the program. Mentors will complete a 3-hour
training program to gain mentoring skills. The training will be
conducted by HCA staff using a standardized manual that was
jointly developed by the academic and community teams. The
training program focuses on skills in establishing rapport,
demonstrating understanding, listening empathically, discussing
participants’concerns, and promoting the sharing of information
and feelings. The training also involves lectures, case study
presentations, discussions, and role-play activities.

We will use a procedure to maximize attendance and retention
recommended by a previous study [27]. Participants will be
asked to notify the program facilitator or their assigned mentor
in advance if they will be absent. They will be told that, with
their permission, the group members will be informed of the
reason for their absence to reduce worries and concerns. The
mentor will keep copies of the handouts for missing participants
and call them within 5 days to briefly discuss the week’s topic
and tell them that they can pick up the handouts when they
return to class. This should make participants feel that they are
cared for by others and that they can catch up and will make
them more likely to continue the program. Participants will also
be informed that the lectures, recorded in DVD format, will be
available for them to view at home so that they will not miss
information in the lecture.

Control Group
Control group participants will undergo usual care and receive
information booklets in Chinese that were developed by the
American Cancer Society [28]. The booklets cover common
issues related to breast cancer, various treatments, and life after
treatment, which are similar to the topics covered in the Joy
Luck Academy. Control group participants will be informed

that they are in the self-study group to read the information
booklets on their own to reduce potential anticipation bias and
they will have the opportunity to join an in-person study group
(Joy Luck Academy) after the assessment at the 4-month
follow-up.

Data Management and Confidentiality
All participants’ identification records will be kept confidential
and stored in a secure file with password protection. Each
participant will be assigned an identification number that will
be used on all documents and data files. All protected health
information will be removed from the data when it is exported
for analyses.

Data Collection

Overview
After consenting, participants will complete the baseline
questionnaires during an orientation session. These measures
will be used to assess participants’ demographic and treatment
information and psychosocial variables of interest. Participants’
demographic information (age, income, education level, and
length of time living in the United States) and acculturation
level [29] will be self-reported. Cancer and treatment
information (cancer stage, treatments, and time since diagnosis)
will be self-reported and confirmed through medical records,
with participants’ consent.

Self-reported health outcomes and mediators will be measured
via questionnaires at baseline, immediately after Joy Luck
Academy completion and 1 month and 4 months after the
intervention. The hypothesized moderating variables will only
be measured at the baseline. The questionnaires, along with
preaddressed, postage-paid envelopes, will be mailed to all
participants. Participants will be asked to complete the
questionnaires at home within 7 days and return them by mail.
They will be reminded by phone to complete the questionnaires.

Primary Outcome
Quality of life during the previous week will be measured using
the Chinese version [30] of the Functional Assessment of Cancer
Therapy-Breast (FACT-B) [31]. FACT-B comprises four
Functional Assessment of Cancer Therapy-General (FACT-G)
subscales (physical, social, emotional, and functional well-being)
and an additional subscale pertinent to breast cancer. Each item
is rated on a 5-point scale (0=not at all, 1=a little bit,
2=somewhat, 3=quite a bit, and 4=very much). To improve the
comparison between this and other trials, the FACT-G total
score (the sum of all the items in the first four subscales) will
be used as the primary outcome. The breast cancer concern
subscale will be used as an exploratory outcome measure.
Higher FACT-G scores indicate a better quality of life.

Secondary Outcomes
Depressive symptoms will be measured with the Chinese
short-form version [32] of the Center for Epidemiologic Studies
Depression (CES-D) scale [33]. Two additional items (“I don’t
want to have contact with people, socialize, or go out at all”
and “I have thought about hurting myself”) from the Chinese
American Depression Scale, which was specifically developed
for Chinese Americans [34] to capture depressive symptoms
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that are not assessed in the CES-D, will be used as an
exploratory outcome measure. Participants will indicate on a
4-point scale how often they felt or behaved in a given way
during the previous week (0=rarely or none of the time [less
than a day], 1=some or a little of the time [1-2 days],
2=occasionally or a moderate amount of the time [3-4 days],
and 3=most of the time [5-7 days]). Higher total scores indicate
more depressive symptoms.

Positive affect will be assessed using the 10 positive affect items
(eg, cheerful) of the Positive and Negative Affect Scale [35].
Participants will indicate to what extent they have generally felt
an emotion (very slightly or not at all, a little, moderately, quite
a bit, or extremely) during the previous week on a 5-point scale,
which is summed. Higher scores indicate a more positive affect.

Fatigue will be assessed using 6 items of the Functional
Assessment of Chronic Illness Therapy-Fatigue scale [36]. The
items were selected based on our pilot studies. Participants will
indicate how true each statement (eg, “I feel tired”) had been
for them during the previous week on a 5-point scale (0=not at
all, 1=a little bit, 2=somewhat, 3=quite a bit, and 4=very much).
Higher scores on the summed 6 items indicate greater fatigue.

Perceived stress will be measured using a 4-item short version
of the Perceived Stress Scale [37]. Participants will be asked
how often they experienced particular feelings and thoughts
during the previous week (eg, “I was unable to control important
things in my life”) on a 5-point scale (0=not at all, 1=a little bit,
2=somewhat, 3=quite a bit, 4=very much). The four items are
summed, with higher scores indicating greater perceived stress.

Exploratory Outcomes
Salivary cortisol levels will be assessed at baseline and
immediately after the intervention. Participants will collect
saliva 20 minutes after awakening and at 12 PM, 5 PM and 9
PM hours on 2 consecutive days so that both the mean level
and slopes can be calculated [38]. Normal diurnal rhythms are
expected to consistently demonstrate peak cortisol
concentrations during awakening and decline thereafter [39].
Following established procedures [39,40], participants will be
given detailed instructions on collecting saliva at home.
Participants will be asked not to eat or drink anything, brush or
floss their teeth, use mouthwash or lipstick, or smoke 30 minutes
before collection. They will complete questions on comorbid
conditions (such as autoimmune disorders) and medications
(such as prednisone, dexamethasone, and other steroids), alcohol
and caffeine intake, exercise level, and sleep quality, which
influence cortisol levels. They will be given salivettes and then
asked to chew a small cotton pad and spit it back into the tube
of the salivette. Participants will be asked to mail their samples
to the HCA office within 3 days after collection (salivary cortisol
is stable at ambient temperature for 2-4 weeks) [40]. The
samples will be stored in a freezer at −20°C until they are
delivered in batches to a well-established independent laboratory
for analysis; these procedures are routinely used [40].

Mediating Variables
Relatedness need satisfaction will be assessed using the
eight-item relatedness subscale of the General Need Satisfaction
Scale [41]. Participants will be asked to think about how each

item (eg, “People in my life care about me”) relates to their life
and indicate how true it has been for them in the previous week
on a scale from 1 (not true at all) to 7 (very true). The eight
summed items indicate the extent to which relatedness needs
are satisfied. Higher scores indicate higher needs satisfaction
for relatedness.

Perceived stigma will be measured using the modified nine-item
Self-Stigma Scale-Short Form [42]. The scale was originally
developed for minorities and was modified for breast cancer in
this study. Participants will rate how each item (eg, “I fear that
others would know that I am a breast cancer survivor”) is related
to their thoughts and feelings about being a breast cancer
survivor on a 4-point scale (1=strongly disagree, 2=disagree,
3=agree, and 4=strongly agree). Higher summed scores indicate
greater perceived self-stigma.

Coping self-efficacy will be assessed using 19 items selected
from the Cancer Behavior Inventory [43], a measure of
self-efficacy for coping with cancer or cancer treatment.
Participants will rate their confidence in accomplishing a
behavior (eg, “sharing feelings of concerns”) on a scale from 1
(not confident at all) to 9 (totally confident). Higher scores on
the summed 19-item scale indicate greater self-efficacy.

Moderating Variables
Social support will be measured using two subscales (positive
interactions and emotional and informational support) of the
Medical Outcomes Study Social Support Survey [44], a
multidimensional instrument that is valid in Chinese-speaking
patients [45]. Each item is rated on a 5-point scale (1=none of
the time, 2=a little of the time, 3=some of the time, 4=most of
the time, 5=all of the time). The summed subscale scores include
eight items for emotional and informational support and four
items for positive interactions. The overall scale score is the
sum of the two subscales, with higher scores indicating greater
social support.

Dispositional optimism will be assessed using the Chinese
Revised Life Orientation Test [46], which comprises three
positively worded (eg, “I am always optimistic about my
future”) and three negatively worded (eg, “I hardly ever expect
things to go my way”) phrases. Each item is rated on a 4-point
scale (1=disagree, 2=neutral, 3=agree, and 4=strongly agree).
Higher summed scores indicate higher optimism.

Perceived control of illness will be measured using three items
previously used in a psychosocial intervention with breast cancer
survivors [15]. These items assess perceived control of the future
course of illness, day-to-day symptoms, and emotions related
to illness, with each rated on a 4-point scale (0=none, 1=a little
bit, 2=somewhat, and 3=a lot). Higher scores on the summed
items indicate greater perceived control.

The FACT-B, CES-D, Self-Stigma Scale, Chinese Revised Life
Orientation Test, Perceived Stress Scale, and Medical Outcomes
Study Social Support Survey have been validated in Chinese
populations, and the other scales have been or will be translated
into Chinese and back-translated into English by bilingual
researchers through an iterative process to ensure conceptual
and linguistic equivalence. Most of the Chinese versions have
been used in previous studies [47] and have demonstrated good
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psychometric properties and psychometric equivalence to the
original English versions (Cronbach α=.83-.98).

Qualitative Data
A subsample of patients (n=77) will participate in focus groups
or individual semistructured interviews. Seven focus group
interviews (n=35) will be conducted among the Joy Luck
Academy participants to identify common themes surrounding
their Joy Luck Academy experience. Approximately 4 to 6
respondents from each Joy Luck Academy cohort will be
approached by the program facilitator to participate in the focus
groups [48]. The focus groups will be conducted within 1 week
of completion of the intervention. The community research
coordinator, who has been trained in qualitative interviewing,
will conduct the focus group interviews at the HCA.

Individual interviews will be conducted after the last follow-up
assessment to explore the culturally specific mechanisms that
may explain the potential intervention effect. In-depth
semistructured individual interviews will be conducted with 42
participants (half from the control group and half from those in
the intervention group who have not participated in the focus
groups). Approximately 6 women from each Joy Luck Academy
cohort will participate in individual interviews to reach data
saturation [49]. Each interview will last 60 to 90 minutes. These
interviews were designed to explore participants’ breast cancer
experience, cancer management, supporting resources, concerns,
and the effect of cancer on their lives and social networks. Each
topic area will be evaluated to identify additional information
and specific examples. Joy Luck Academy participants will also
be asked about their experiences in the Joy Luck Academy and
the changes they had experienced as a result of the Joy Luck
Academy. The inductively and deductively designed interview
topic guide was finalized through discussion with the HCA.
Permission to audio record the individual interviews and focus
groups will be obtained from the participants. Participants will
receive an additional US $30 compensation for the interviews.

Data Analysis

Deductive Data Analysis Plan
Descriptive statistics and correlations among the major variables
will be computed. The internal consistency of the questionnaires’
reliability at baseline will be assessed using Stata 16.0 software
(StataCorp LLC). The construct validity of the questionnaires
will be assessed using confirmatory factor analysis with Stata
16.0. Appropriate techniques (eg, exploratory factor analysis)
will be used to improve reliability and validity, when necessary.

The primary analytic strategy will be multilevel analyses, also
referred to as hierarchical linear modeling or linear
mixed-effects modeling. Specifically, for each outcome variable,
the primary independent variables of interest will include the
intervention condition (experimental vs control), time
(postintervention and 1- and 4-month follow-ups), and the
interaction between the intervention condition and time. Random
subject or Joy Luck Academy cohort effects, as applicable, will
be used to model the correlations between repeated
measurements within subjects and between observations from
subjects within Joy Luck Academy cohorts. The selection of
the random-effect covariance and serial correlation structure

(eg, autoregressive correlation), as appropriate, will be based
on the Bayesian information criterion. Each hierarchical linear
modeling for assessing aim 1 will use quality of life as the
primary outcome and other specified variables as secondary
outcomes, controlling for the baseline outcome. In addition,
results will be reported by controlling for important covariates
used in the randomization (eg, age at baseline, cancer stage, and
time since treatment) [50]. We will analyze the impact of the
intervention on cortisol by testing the change in diurnal profile
from pre- to postintervention using linear mixed-effects
modeling. Cortisol outcomes will be indicated by raw cortisol
values, initial levels, slopes, and areas under the curve, following
previous methods [51-54].

Moderation effects (aim 2) will be assessed by adding potential
moderators and testing their interactions with the intervention
condition and time, one moderator at a time, and testing the
significance of the interaction effect between the moderator and
the intervention (and time, as appropriate). Mediation effects
(aim 3) will be assessed by examining bootstrapped 95% CI of
the indirect effect of the intervention on the primary and
secondary outcomes via each hypothesized mediator [55,56].
In the presence of more than one significant single mediator,
we will fit multiple mediator models to evaluate the joint
mediation effects of multiple mediators [55,57]. All statistical
tests will be conducted at a two-sided significance level of
P=.05. Except for the primary analysis for the quality-of-life
outcome, the findings based on other analyses will be interpreted
with caution because of a lack of control over the overall type
1 error rate across multiple tests. Effect sizes with 95% CIs will
also be calculated for models to help characterize the magnitude
and potential replicability of the findings.

Missing Data
Our proposed primary analysis approaches are likelihood-based,
which are valid under the missing-at-random mechanism; that
is, the probability that an outcome is missing depends only on
the observed variables included in the model. In such cases, no
imputation of missing data will be necessary. However, we may
conduct a sensitivity analysis to determine the sensitivity of our
primary findings to key patterns of missing data, particularly
patterns that are consistent with the missing-not-at-random
mechanism, using pattern-mixture models [25]. Additional
approaches such as multiple imputations will be used, as
necessary. Similar results from the sensitivity analyses would
strengthen our study findings, whereas different results would
suggest that caution should be taken when interpreting our
findings.

Qualitative Data Analysis
The interviews will be transcribed and analyzed in Chinese to
preserve the linguistic meanings and enhance the trustworthiness
of the data. In the thematic analyses, we will code responses,
extract broad themes, and identify subthemes [58].

Results

Recruitment began in February 2015, and all data collection
was completed by February 2019. We expect to complete data
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management by August 2021 and submit the study results for
publication by 2022.

Discussion

Few evidence-based psychosocial interventions designed for
diverse ethnic groups of cancer survivors are available. This
study is the first RCT to test a culturally sensitive social support
intervention in Asian American (specifically, Chinese
immigrant) breast cancer survivors. In this trial, we will
determine the health benefits of a 7-week education and peer
mentorship intervention on quality of life, depressive symptoms,
positive affect, and other outcomes in Chinese American breast
cancer survivors immediately after the intervention and at 1-
and 4-month follow-up assessments. These individuals may
benefit from interventions tailored to their needs for survivorship
health care information [10] and social support [7]. This program
has the potential to be adapted for other Asian American

immigrant breast cancer survivors and eliminate unnecessary
emotional and physical health disparities in cancer care.

The design of this study has both strengths and limitations. The
intervention is innovative, as it is culturally relevant to an ethnic
group and uses a theoretically grounded CBPR approach. As
this study targets breast cancer survivors who have completed
treatment, cancer patients undergoing active treatment will not
be enrolled in the study, which limits its generalizability. The
Joy Luck Academy is specifically designed to meet the needs
of Chinese American breast cancer survivors and, therefore,
may not be directly applicable to survivors of other ethnic
groups. Future studies are needed to test this type of intervention
in other minority groups.

If the Joy Luck Academy is demonstrated to improve the
well-being of Chinese American breast cancer survivors, it may
be disseminated to this population across the country.
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Abstract

Background: The gut-brain axis is a bidirectional signaling pathway between the gastrointestinal tract and the brain; it is being
studied because of its potential influence in mediating mood, anxiety, and other neuropsychiatric symptoms. Previous research
examining the effects of gut microbiota on neuropsychiatric disorders suggests that gut repopulation treatments such as probiotics,
microbe therapy, and fecal microbiota transplantation show promising results in treating symptoms of anxiety and depression.
This study explores the use of an alternative gut repopulation treatment to fecal microbiota transplantation, known as Microbial
Ecosystem Therapeutic (MET)-2, as an intervention against symptoms of depression. MET-2 is a daily, orally administered
capsule containing 40 bacterial strains purified from a single healthy donor.

Objective: The primary aim of this study is to assess changes in mood in people with major depression that occur pre-, post-,
and during the administration of MET-2. The secondary aims are to assess changes in anxiety symptoms, blood biomarker
concentrations, and the level of repopulation of healthy gut bacteria as a response to treatment.

Methods: In this study, we will recruit 60 adults aged between 18 and 45 years old with major depression and randomly assign
them to treatment or placebo groups. Patients in the treatment group will receive MET-2 once a day for 6 weeks, whereas patients
in the placebo group will receive a matching placebo for 6 weeks. Participants will complete biweekly visits during the treatment
period and a follow-up visit at 2 weeks post treatment. As a primary outcome measure, participants’ mood will be assessed using
the Montgomery-Asberg Depression Rating Scale. Secondary outcome measures include changes in mood, anxiety, early stress,
gastrointestinal symptoms, and tolerability of MET-2 treatment using a series of clinical scales and changes in blood markers,
particularly immunoglobulins (Igs; IgA, IgG, and IgM) and inflammatory markers (C-reactive protein, tumor necrosis factor-α,
transforming growth factor-β, interleukin-6, and interleukin-10). Changes in the relative abundance, diversity, and level of
engraftment in fecal samples will be assessed using 16S rRNA sequencing. All data will be integrated to identify biomarkers that
could indicate disease state or predict improvement in depressive symptoms in response to MET-2 treatment.

Results: Given the association between the gut microbiome and depression, we hypothesized that participants receiving MET-2
would experience greater improvement in depressive symptoms than those receiving placebo owing to the recolonization of the
gut microbiome with healthy bacteria modulating the gut-brain axis connection.
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Conclusions: This study is the first of its kind to evaluate the safety and efficacy of a microbial therapy such as MET-2 in
comparison with placebo for major depressive disorder. We hope that this study will also reveal the potential capabilities of
microbial therapies to treat other psychiatric illnesses and mood disorders.

Trial Registration: ClinicalTrials.gov NCT04602715; https://clinicaltrials.gov/ct2/show/NCT04602715

International Registered Report Identifier (IRRID): DERR1-10.2196/31439

(JMIR Res Protoc 2021;10(9):e31439)   doi:10.2196/31439
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gut-brain axis; depression; microbiome; probiotics; fecal transplant; MET-2

Introduction

Background
Research efforts to identify the pathophysiology and underlying
mechanisms of psychiatric illnesses, such as major depressive
disorder (MDD), are on the rise owing to the staggering
economic burden and prevalence of mental illness. In Canada,
mental illness affects approximately 20% of people and costs
the Canadian economy more than Can $51 (US $39.48) billion
a year, of which MDD is a major contributor [1,2]. MDD is a
highly prevalent and debilitating psychiatric disorder
characterized by a persistent depressed mood and loss of interest
or pleasure in the surroundings. Common symptoms of MDD
can include but are not limited to depressed mood, anhedonia,
changes in appetite, trouble sleeping, reduced energy and
fatigue, feelings of worthlessness, guilt, hopelessness, and
thoughts of death or suicide [3].

Although there are a variety of psychological, pharmacological,
and neurostimulation treatment methods available for people
with MDD, such as cognitive behavioral therapy, antidepressant
medications, and electroconvulsive therapy for
treatment-resistant cases [4-6], finding the optimal treatment
method can be challenging owing to a high level of individual
variability among patients. Variables such as environmental
influences, stress, and genetics play a role in determining the
severity and course of symptoms and the response to treatment
[7-9]. Furthermore, emerging treatment options addressing
individual variability in patients with MDD have demonstrated
the potential for creating a more precise and personalized
approach to treatment, specifically within psychiatry [10].

Rationale for the Study

Composition of the Gut Microbiome
The colonization of bacteria in the gut begins at birth and
significantly influences gut health throughout the lifespan [11].
In adults, the gut microbiome comprises more than 100 trillion
commensal bacteria essential for the normal development and
regulation of the immune system, central nervous system
circuitry, and gastrointestinal (GI) functioning [12]. Under
certain circumstances, environmental risk factors such as diet,
lifestyle, stress, medications, and genetics can alter microbiota
composition and deviate the homeostatic balance within the
microbiome [13].

Previous studies have demonstrated that these alterations in
microbiota composition owing to external factors may be
mediated by the gut-brain axis (GBA). The GBA is a

bidirectional, biochemical, and neural signaling pathway
between the GI tract and the brain [14]. Although it has been
long established that there is communication between the brain
and the gut, only recently has there been a surge of interest in
the GBA for its potential influence on depression and other
symptoms of psychiatric illnesses [12]. Owing to the interaction
between the gut and environmental risk factors of anxiety and
depression, some interventions target the gut microbiome to aid
in alleviating symptoms of anxiety and depression [15].

Gut Microbiota and Psychiatric Symptoms
Although alterations of gut microbiota may play a role in the
etiology of psychiatric illnesses, the pathophysiology of MDD
and how the GBA directly affects mood is complex. One of the
most well-known hypotheses for the pathophysiology of
depression is the monoamine hypothesis. It predicts that a
deficiency in the levels of dopamine, serotonin, and
norepinephrine in the central nervous system may be a key
factor in the underlying mechanisms of depression [16]. Other
central mechanisms that are also hypothesized to be involved
in the pathophysiology of MDD include inflammation of the
immune system and microbial imbalance [7].

Several studies have documented that patients diagnosed with
MDD often present with elevated levels of proinflammatory
cytokines, such as interleukin-6, and decreased levels of
anti-inflammatory cytokines, such as interleukin-10 [7,17,18].
This proinflammatory state observed in patients with depression
reaffirms the neuroinflammation hypothesis, which suggests
that an increase in systemic inflammation is likely to be involved
in the pathophysiology of depression by decreasing the synthesis
and production of monoamines such as serotonin, resulting in
a reduction of serotonin and an increase in depressive behavior
[19].

Recent literature documenting the relationship between gut
microbiota and symptoms of psychiatric illness has uncovered
interesting findings. Microbial balance in the gut is an integral
part of gut health; however, when one experiences an imbalance,
the integrity of the protective epithelial and mucosal gut barrier
can be compromised. This compromise might result in increased
intestinal permeability of the GI tract, referred to as leaky gut.
Leaky gut has been associated with various conditions, such as
irritable bowel syndrome, autoimmune disorders, and multiple
psychiatric illnesses [15]. Maes et al [20] demonstrated that
bacterial translocation from the gut, also known as leaky gut,
could activate immune cells to evoke specific IgA and IgM
responses. Interestingly, patients diagnosed with depression
often exhibit the same elevated levels of IgA and IgM responses,
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which may be owing to the progressive amplification of the
immune pathways and overall increased systematic
inflammation [20].

Despite these relevant advances in recent literature, a complete
understanding of microbial changes in the gut and their
associated outcomes is still required. Previous studies have
demonstrated that patients diagnosed with depression often
display altered gut microbiota composition compared with
healthy controls [12,21,22], which may result from the decreased
abundance and lack of diversity among healthy gut microbiota
[21]. In an attempt to address this problem, related research has
turned to fecal microbiota transplantation (FMT) as a potential
treatment option to improve symptoms of depression. FMT is
a therapeutic approach that aims to repopulate the gut of an
individual with fecal bacteria from a healthy donor via
colonoscopy, nasogastric tube, or oral administration [23,24].
A potential advantage of discovering this link between
symptoms of depression and microbiota in the gut is the greater
accessibility and modifiability of microbiota compared with the
human genome, giving microbial therapies a greater opportunity
for aiding in the personalization of treatments for psychiatric
illnesses [25]. Furthermore, given the adaptable nature of the
microbiome, it may be a good representation of the individual’s
history and could better explain the differences in the risk of
illness, disease course, and response to treatment.

Microbial Ecosystem Therapeutics
Microbial Ecosystem Therapeutic (MET)-2 is an oral, daily
administered, novel treatment approach designed to repopulate
the gut with microbiota from a healthy donor. MET-2 is a
defined microbial community comprised 40 strains of
lyophilized bacteria that are lab-grown and purified from a
healthy 25-year-old donor’s stool. MET-2 was originally
developed by researchers at Queen’s University and the
University of Guelph to treat symptoms of early depression and
help restore the normal gut flora. The original mixture contained
pure cultures of intestinal bacteria, referred to as Repoopulate
or MET-1, which was composed of 33 strains of bacteria that
were chosen for their favorable safety profile [26]. This mixture
was then refined, modified, and improved to 40 strains to create
MET-2. Capsules were chosen instead of traditional FMT not
only to increase acceptability to participants but also to allow
for easier administration of the product for consecutive days
rather than the use of raw fecal material administered via rectal
suspension.

This study aims to evaluate the effects of MET-2 on symptoms
of depression using pre- and posttreatment scores for overall
depression and specific depressive symptoms. Our primary aim
is to demonstrate the efficacy of MET-2 treatment, in
comparison with placebo, on mood and related symptoms in
participants with depression, using the Montgomery-Asberg
Depression Rating Scale (MADRS) [27]. Those with at least a
50% reduction in MADRS scores will be considered successful
responders to treatment. The secondary aims are to assess
changes in anxiety symptoms, immune marker levels in response
to MET-2 treatment, and the safety and tolerability of MET-2
treatment, and to evaluate any potential correlations between

early life stress (eg, childhood emotional, physical, or sexual
abuse history) and response to MET-2 treatment.

Methods

Study Design
This study is a phase 2, randomized, double-blinded,
placebo-controlled clinical trial exploring the efficacy of MET-2
as a treatment for depressive symptoms in participants with
MDD. We will randomize 60 participants with MDD into two
arms: the treatment arm (30/60, 50%) and the placebo arm
(30/60, 50%). Participants will consume either the
investigational product MET-2 or a matching placebo daily for
6 weeks.

Setting
This study will occur at 3 sites: the Providence Care Hospital,
Kingston, Ontario, Canada; the Centre for Addiction and Mental
Health, Toronto, Ontario, Canada; and the University of
Minnesota Medical School, Minneapolis, Minnesota, United
States. There will be a total of 6 visits: a screening visit, a
baseline visit (week 0), 3 treatment-period visits (weeks 2, 4,
and 6), and a 2-week follow-up visit as outlined in the schedule
of assessments (Table S1 in Multimedia Appendix 1).

Participants and Recruitment
This study will recruit 60 eligible participants aged between 18
and 45 years from the Kingston and Greater Toronto areas in
Ontario, Canada, and the Minneapolis area in Minnesota, United
States, using clinical referrals and web-based and paper
advertisements. Web-based advertisements will be posted on
social media platforms, whereas posters will be placed around
university and college campuses, on community bulletin boards,
clinics, and counseling centers. At the screening visit, all
participants will be informed of the study, and any questions
and concerns they may have will be addressed. Once consent
is obtained, participants will then be thoroughly screened using
inclusion and exclusion criteria (Textbox S1 in Multimedia
Appendix 1) to ensure they are eligible for the study. Participants
will be screened using the Mini-International Neuropsychiatric
Interview to confirm the diagnosis of MDD and required a
minimum MADRS score of ≥15 to be considered for inclusion
in the trial.

Treatment

Study Drug
The 0.5-g MET-2 and placebo will be supplied as capsules for
oral administration. Placebo capsules will be filled with cellulose
and will be identical in appearance. The participants will be
provided with a 4-week supply of either MET-2 or placebo
capsules at the baseline visit and a 2-week supply at the week
4 visit. Loading or booster doses will be kept separate from
daily maintenance doses.

The 0.5-g MET-2 capsules are produced under conditions
compatible with good manufacturing practices at the University
of Guelph and are shipped at room temperature and sealed under
anaerobic conditions. All capsules are to be stored at room
temperature.
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Administration of Study Drug
Participants who meet the inclusion criteria and pass screening
will be scheduled to start treatment at baseline. At the baseline
visit, all participants will receive a 10-capsule orally
administered loading dose of 5 g of either MET-2 or placebo
on both days 1 and 2 (Table S2 in Multimedia Appendix 1).
The participant will consume the initial loading dose in the
clinic and receive the second loading dose to be taken at home
on day 2. The participant will also remain at the clinic for 30
minutes after receiving the first loading dose to ensure there are
no adverse reactions to the medication. A 3-capsule maintenance
dose containing 1.5 g of MET-2 or placebo will be administered
for the remainder of the 2-week interval from 3 to 14 days. At
the week 2 visit, participants will be asked to take a 10-capsule
booster dose on days 15 and 16. The 3-capsule maintenance
dose will be administered for the remainder of the study for a
total of 6 weeks of treatment.

If a participant is a nonresponder (a participant whose MADRS
total score is not reduced by at least 50% from baseline by week
4 visit), an additional 10-capsule booster dose is to be
administered at week 4 for 2 days (days 29 and 30) followed
by a maintenance dose of 3 capsules for the remainder of the
study (Table S2 in Multimedia Appendix 1). Responders
(participants whose MADRS score is reduced by ≥50%) will
not receive a booster dose at week 4. Participants will not take
the maintenance dose during the loading or booster dose periods.

Treatment Compliance
Compliance with treatment will be assessed by reviewing the
participant’s personal logs and charts while documenting any
missed and unused treatment material during the 6 weeks of
intervention.

Efficacy Endpoints

Primary Efficacy Endpoint
At the first endpoint, we will assess changes in symptoms of
depression from baseline to week 6 as measured by MADRS
scores.

Secondary Endpoints
The secondary endpoints are:

1. Changes in symptoms of depression from baseline to week
8 as measured by the Clinical Global Impressions (CGI),
Snaith-Hamilton pleasure scale (SHAPS), and Quick
Inventory of Depressive Symptomatology (QIDS)-SR16
scores.

2. Changes in symptoms of anxiety from baseline to week 8
as measured by the generalized anxiety disorder (GAD)-7
and Hamilton anxiety rating scale (HAM-A) scores.

3. Changes in immune marker concentrations from screening
to week 4 and week 8.

4. Changes in symptoms of depression and anxiety from
baseline to week 2, week 4, week 6, and the 2-week
follow-up measured using the MADRS, HAM-A, and
GAD-7 scores.

5. Changes in relative abundance, diversity, and level of
engraftment in stool samples, as measured by 16S rRNA
sequencing.

Assessments of Safety and Efficacy

Primary Clinical Measures
Mood will primarily be assessed using the MADRS, a 10-item
clinician-rated questionnaire used to evaluate the severity of
depression.

Secondary Clinical Measures
Anxiety will primarily be assessed using the HAM-A, a
clinician-rated questionnaire that measures the severity of
anxiety symptoms. The GAD-7, a 7-item questionnaire, will be
used to measure self-reported anxiety symptoms and severity.
The CGI scale is a 2-item clinician-rated scale that will be used
to assess the severity of illness and improvement of
symptomology over time. The SHAPS is a 14-item self-rated
instrument used to assess the presence of anhedonia. The
QIDS-SR16 is a 16-item questionnaire that measures
self-reported depressive symptom severity. The Pittsburgh Sleep
Quality Index is a 19-item self-report questionnaire used to
assess sleep quality and disturbances. Early life stress will be
assessed using the Childhood Experience of Care and Abuse
questionnaire to determine the effects of maltreatment and
upbringing on treatment response and MDD biomarkers.

Participants will also use a personal log to track any newly
emerging GI symptoms since the beginning of treatment to
assess their tolerability to treatment and keep track of their mood
symptoms and sleep. Tolerability and GI effects will be assessed
using the Toronto Side Effects Scale and the GI Symptom
Rating Scale during all treatment-related visits.

Molecular Analysis
Stool samples will be collected and analyzed using 16S
ribosomal RNA sequencing at the University of Guelph. These
data will be used to assess the relative abundance of microbial
species, level of engraftment of MET-2 species, and α and β
diversity of the gut microbiome. Urine samples will be collected
to analyze soluble metabolites at the University of Guelph,
whereas blood samples will be collected for clinical chemistry,
hematology, and additional biomarker testing for safety and
discovery purposes at Life Labs and Queen’s University,
respectively. Statistical analyses will be performed to assess
the relationship between immune biomarkers and clinical
symptom improvement. Additional safety blood samples may
be required in the event of abnormal values or analysis failure.
The blood samples collected for safety laboratory analysis will
be destroyed after the analyses have been completed.

The specific parameters being assessed are presented in Table
S3 in Multimedia Appendix 1, whereas collection time points
can be found in Table S1 in Multimedia Appendix 1.

Safety Assessments
The primary safety analysis for this study will include the total
number of treatment-emergent adverse events (TEAEs) while
also categorizing TEAEs by causality, severity, and seriousness
assessments made by the investigator by comparing study drug
exposure to placebo.

Trends in safety will also be evaluated for the following
assessments: physical examinations, vital signs, laboratory
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results (hematology, lipid levels, and serum chemistry),
pregnancy tests, and discontinuations because of adverse events
(AEs).

Demographic Data and Medical History
At the screening visit, a complete medical history will be
compiled for each participant. This history will include the use
of antidepressant therapies, GI-related disorders and surgeries,
depressive episodes, medical history, baseline signs, and
symptoms.

Vital Signs
Vital signs, including temperature, blood pressure (systolic and
diastolic), pulse, and body weight (using a calibrated weight
scale), will be measured at screening, baseline, week 4, and
week 8. Blood pressure will be measured with a cuff size
appropriate to the participant after the participant has been sitting
for 5 minutes.

Physical Examination
A complete physical examination will be conducted at the
baseline visit. The physical examination will include general
appearance, skin, head, ears, eyes, nose, throat, lungs,
cardiovascular, abdomen, musculoskeletal and extremities,
lymph nodes, and neurological. Other body and organ systems
may be examined if clinically relevant.

Pregnancy Test
A pregnancy test will be performed at baseline. If pregnancy is
discovered in a female participant enrolled in the study before
the end of dosing, the study drug will be permanently
discontinued, and an end-of-treatment visit will be scheduled.
If the pregnancy is discovered in a female participant enrolled
in the study after the end of dosing, the participant will continue
in the study per protocol. If pregnancy occurs in a male
participant’s partner at any time during the study, the pregnancy
is to also be reported and followed.

Adverse Events

Overview
An AE is any untoward medical occurrence in a participant
administered an investigational treatment, which does not
necessarily have a causal relationship with this treatment. An
AE can therefore be any unfavorable and unintended sign or
symptom temporally associated with the use of the
investigational treatment, regardless of whether it is related to
the treatment. Each participant will be carefully monitored for
the development of AEs during the safety reporting period. Both
the frequency and severity of AEs will be collected at the time
of consent throughout the study until the 2-week follow-up.
AEs will be assessed and recorded at all in-hospital visits or
through the phone using questionnaires and probing via
discussion; these AEs will be categorized by frequency, severity,
and causality [7]. Any clinically relevant abnormalities will be
noted by the investigator during the follow-up interviews. All
AEs will be recorded in an AE log for each participant. Any
instances that lead to serious AEs (SAEs) and any untoward
medical occurrences at any dose will be reported to the research
ethics board (REB).

A TEAE is an AE that begins during the treatment or worsens
a pre-existing medical condition (eg, worsening diarrhea). The
treatment period is the period during which a participant receives
the investigational treatment.

Serious Adverse Events
An SAE is a life-threatening adverse medical event that results
in death, requires inpatient hospitalization or prolongation of
existing hospitalization, results in persistent or significant
disability or incapacity, and results in a congenital anomaly or
congenital disability [7]. The study site will document all SAEs
that occur (whether related to the study drug) and report them
to the sponsor within 24 hours of the site’s first knowledge of
the event. The collection period for all SAEs will begin after
informed consent is obtained and will end after the procedures
for the final study visit have been completed.

All SAEs will be followed until resolution. SAEs that remain
ongoing past the participant’s last protocol-specified follow-up
visit will be evaluated by the principal investigator and NuBiyota
LLC. If both parties agree that the participant’s condition is
unlikely to resolve, the principal investigator will determine the
follow-up requirement.

Reporting of Expedited Safety Reports
A suspected unexpected serious adverse reaction (SUSAR) is
an SAE that occurs in a participant, the nature or severity of
which is not expected per the applicable product information
(ie, the investigator’s brochure).

The sponsor and investigator will report any SUSARs
concerning the drug that has occurred in the study to regulatory
authorities:

• If it is neither fatal nor life-threatening, within 15 days after
becoming aware of the information.

• If it is fatal or life-threatening, within 7 days after becoming
aware of the information. The sponsor and investigator
shall, within 8 days after having informed the REB and
Health Canada of a fatal or life-threatening SUSAR, submit
a complete follow-up report in respect of that information
that includes an assessment of the importance and
implication of any findings made.

Statistics

Sample Size Determination
The sample size for this clinical investigation was calculated
based on the results from the pilot study and the change from
baseline to week 8 of the first 13 participants for the MADRS
(primary endpoint) and GAD-7 scores (first secondary endpoint).
The change from baseline to week 8 was used for the two
endpoints, mirroring the time frame for the evaluation of the
primary and first secondary endpoints for this clinical
investigation. Two series of estimates were generated: change
from baseline for the participants with scores at baseline and
week 8, and a second imputed data set for participants who did
not have a week 8 value using the last observation carried
forward. Although the final analysis from this study will use
multiple imputation to address missing data, using the last
recorded observation results in a higher SD and is considered
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a reasonable approach to derive a range of estimates. Estimates
from the pilot investigation are presented in Table S4 in
Multimedia Appendix 1.

For estimation purposes, it is assumed that the placebo
participants will have a response that is 50% of the active
treatment group, and the SD will be the same between the two
treatment groups. The randomization will be in a 1:1 ratio
(active:placebo), and the type 1 error rate will be 5%. The
resulting sample sizes for 80%, 85%, and 90% power are
presented in Table S5 in Multimedia Appendix 1.

If the true mean difference between the active and placebo
groups is the midpoint between the observed and imputed
results, a minimum target sample size of 50 participants will be
required for the primary endpoint (MADRS: change at 8 weeks)
and 79 participants (GAD-7: change at 8 weeks) for the other
endpoints. On the basis of these estimates, the maximum number
of participants to be enrolled in this clinical investigation is 80,
and the target sample size is 60 participants. An interim
assessment will be performed after 30 participants have
completed the 8-week evaluation or withdrawn prematurely.

Populations for Analyses

Intent-to-Treat Population

This population includes all participants who consent to
participate, meet the inclusion criteria, and are randomized. All
baseline characteristics will be summarized based on
intent-to-treat (ITT). Participants in the ITT population will be
analyzed according to the original treatment assignment,
regardless of the actual treatment received. All baseline tables
will be based on the ITT population. The ITT population will
be the primary population for efficacy endpoints.

Per-Protocol Population

The per-protocol population is a subset of the safety population.
It includes all participants who meet all of the following criteria:

• No major deviations from protocol eligibility criteria;
• ≥85% of compliance with the treatment schedule; and
• ≥85% of compliance with all study visits where the samples

will be obtained and the testing will be performed.

The per-protocol population will be used for the sensitivity
analyses of the efficacy endpoints.

Safety Population

The safety analysis population will contain all participants who
receive at least one dose of study medication (active or placebo).
All safety tables will be based on the safety population.

Statistical Analysis
The statistical analysis plan will be finalized before database
lock and will include a more technical and detailed description
of the statistical analyses described in this section. This section
summarizes the planned endpoints and statistical analyses.
Participants who return after the initial treatment but later
withdraw from the study will have their final scores for primary
outcomes projected to week 8. If data are missing, the data from
the last time point will be projected forward.

Changes from baseline to endpoint in scores on the MADRS,
HAM-A, CGI, SHAPS, QIDS-SR16, GAD-7, and Pittsburgh
Sleep Quality Index will be analyzed using two-tailed t tests or
analysis of variance between and within the placebo and active
arms. All statistical tests will be performed using the statistical
program IBM SPSS with a significance level of .05. Similarly,
stool samples will be analyzed for their diversity scores using
a paired t test and repeated measures analysis of variance. Any
changes in diversity scores will then be compared with the
clinical scores to determine any correlations.

Direct Access to Source Data or Documents
The investigator or institution shall provide direct access to
source data or documents for study-related monitoring, audits,
REB review, and regulatory inspection.

Quality Control and Quality Assurance

Study Conduct
This study will be conducted in compliance with the current
International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use (ICH) Good
Clinical Practice (GCP) guidelines. The sponsor shall ensure
that all sites have the necessary standard operating procedures
to ensure that the study is conducted and data are generated,
documented, and reported in compliance with the protocol, ICH
GCP, and applicable regulatory requirements. The investigator
may not deviate from the protocol without a formal protocol
amendment being established and approved by an appropriate
competent authority and REB, except when necessary, to
eliminate immediate hazards to the participant or when the
changes involve only logistical or administrative aspects of the
study. Any deviations may result in the participant being
withdrawn from the study and render the participant
nonevaluable. The sponsor is responsible for the distribution of
protocol amendments to the principal investigators and those
concerned with the conduct of the study. The principal
investigator is responsible for the distribution of all amendments
to the REB and all the staff concerned at their center.

Study Monitoring
All monitoring visits will be conducted by PhaseAdvance, a
contract research organization appointed by NuBiyota LLC, to
ensure compliance with the ICH guidelines for GCP (E6). The
study monitors will conduct an initiation site visit to the
institution to review the protocol and its requirements with the
investigators, inspect the drug storage area, and fully inform
the investigator of their responsibilities and the procedures for
assuring adequate and correct documentation. During the study,
the monitor will make regular site visits to review protocol
compliance and individual participants’ medical records and
ensure that the study is being conducted according to pertinent
regulatory requirements. The review of medical records will be
conducted in a manner that ensures confidentiality is maintained.
No information in these records regarding the identity of the
participants will leave the study center. Sponsor monitoring
standards require full verification of the presence of the signed
informed consent form (ICF), adherence to the inclusion and
exclusion criteria, documentation of SAEs, and recording
primary efficacy and safety variables. The clinical research
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associate will review source data compared with the case report
forms (CRFs) and verify source data according to the
study-specific monitoring plan. The study design, frequency of
participant visits, and site enrollment rate will determine the
frequency of monitoring visits. Upon study completion, the
clinical research associate will visit the site to conduct a study
termination visit, which will include the collection of any
outstanding documentation.

Ethics

Written Informed Consent
To obtain and document informed consent, the investigator will
comply with the applicable regulatory requirements and adhere
to ICH GCP and the ethical principles that have their origin in
the Declaration of Helsinki.

Informed consent shall be documented using a written consent
form approved by the REB. The ICF must be signed and dated
by the participant and investigator (or designated research
professional) before protocol-specific procedures (screening or
treatment) are performed. A consent form template will be
provided by the sponsor and adapted by the investigator to meet
the center, state, and country ethical guidelines, as appropriate.

Participants will be given a copy of the fully executed consent
form, and the original will be maintained with the participant’s
records.

Research Ethics Board
This study will not commence until review and approval of the
study protocol within each site and ICF has been obtained by
local REBs. Any amendments to the study will be submitted
concurrently to all REBs for review and approval unless they
are required to eliminate immediate hazards to study
participants.

Data Handling and Record Keeping

Data Collection
Clinical data will be collected by the study coordinator as a
source document and transcribed into REDCap (Research
Electronic Data Capture), a web-based data collection software.
REDCap will only contain the participant’s ID but no personal
data.

Retention of Records
Essential documents, as defined by ICH GCP, include the signed
protocol and any amendments, copies of the completed CRFs
(for site archiving, digital versions of e-CRF data for specific
participants will be provided), signed ICFs, hospital records
and other source documents, REB approvals and all related
correspondence including approved documents, drug
accountability records, study correspondence, and a list of
participants’ names and addresses. Essential documents should
be retained for at least 5 years.

Results

This study was approved by the Queen’s University Health
Sciences and Affiliated Teaching Hospitals REB on September

2, 2020. Owing to COVID-19–related delays, participant
recruitment did not start until March 2021. Given the association
between the GBA and symptoms of depression, it is expected
that participants who receive MET-2 will have a significant
reduction in depressive symptoms as determined by the MADRS
compared with participants who received the placebo. This will
be assessed by comparing pre- and posttreatment scores.

Discussion

Optimal Treatment Methods
With MDD affecting 3.7 million Canadians throughout their
lifetime [28], there is a pressing need to find optimal treatment
methods for these individuals. Although there are numerous
psychological, pharmacological, and neurostimulation treatment
options available for people experiencing MDD, it is challenging
to find personalized treatments. With high individual variability
in factors affecting the illness and presentation of symptoms,
an effective treatment may not be effective for another [12].
Given these circumstances, novel treatment methods are being
developed and evaluated for their ability to alleviate the
symptoms of depression. One of these novel treatment
approaches involves assessing individuals’ gut health and
targeting the gut microbiome through the GBA [7,12].

The gut plays a critical role in modulating physiological
processes of the body, such as the immune system and GI
functioning, while also playing a role in regulating aspects of
brain development [13,29]. Although there has been a growing
recognition of the GBA in the last few years, further research
is warranted to fully elucidate the underlying mechanisms
affecting mood and gut health. Fortunately, if MET-2 can
alleviate symptoms of depression and produce a lasting effect
on mood both during and after treatment, it may provide
promising results for microbe therapy as a treatment method
and may help explain how the GBA relates to mood. Similarly,
given the adaptable nature of microbiota and how it can be
influenced by external factors, the microbiome may indicate
each individual’s predicted response to treatment, severity, and
course of MDD.

Limitations
Limitations to the many studies examining the efficacy of GBA
treatments include small sample sizes and thus less generalizable
results. Hence, in this trial, we have addressed these concerns
by designing a multisite, double-blind, randomized controlled
trial. We also hope to enroll 60 participants to determine any
significant trends between changes in mood and MET-2
treatment. To our knowledge, assessing the effects of a daily,
orally administered microbial therapeutic product such as
MET-2 on mood, at this level of scale, has never been performed
before. This study would not only be the first of its kind to
highlight the potential capabilities of microbe therapy in treating
symptoms of depression but also to expand the scope of
pre-existing literature surrounding the GBA and how it mediates
mood and behavior.
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FMT: fecal microbiota transplantation
GAD: generalized anxiety disorder
GBA: gut-brain axis
GCP: Good Clinical Practice
GI: gastrointestinal
HAM-A: Hamilton anxiety rating scale
ICF: informed consent form
ICH: International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use
Ig: immunoglobulin
ITT: intent-to-treat
MADRS: Montgomery-Asberg Depression Rating Scale
MDD: major depressive disorder
MET: Microbial Ecosystem Therapeutic
QIDS: quick inventory of depressive symptomatology
REB: research ethics board
REDCap: Research Electronic Data Capture
SAE: serious adverse effect
SHAPS: Snaith-Hamilton pleasure scale
SUSAR: suspected unexpected serious adverse reaction
TEAE: treatment-emergent adverse event
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Abstract

Background: Surgical site infections (SSIs) are common, costly, and associated with increased morbidity and potential mortality
after lower limb revascularization surgery (ie, arterial bypass, endarterectomy, and patch angioplasty). Identifying evidence-informed
risk factors for SSI in patients undergoing these surgeries is therefore important.

Objective: The aim of this study is to conduct a systematic review and meta-analysis of prognostic studies to identify, synthesize,
and determine the certainty in the cumulative evidence associated with reported risk factors for early and delayed SSI after lower
limb revascularization surgery in adults with peripheral artery disease.

Methods: We will search MEDLINE, Embase, the seven databases in Evidence-Based Medicine Reviews, review articles
identified during the search, and included article bibliographies. We will include studies of adults (aged ≥18 years) with peripheral
artery disease that report odds ratios, risk ratios, or hazard ratios adjusted for the presence of other risk factors or confounding
variables and relating the potential risk factor of interest to the development of SSI after lower limb revascularization surgery.
We will exclude studies that did not adjust for confounding, exclusively examined certain high-risk patient cohorts, or included
>20% of patients who underwent surgery for indications other than peripheral artery disease. The primary outcomes will be early
(in-hospital or ≤30 days) SSI and Szilagyi grade I (cellulitis involving the wound), grade II (infection involving subcutaneous
tissue), and grade III (infection involving the vascular graft) SSI. Two investigators will independently extract data and evaluate
the study risk of bias using the Quality in Prognosis Studies tool. Adjusted risk factor estimates with similar definitions will be
pooled using DerSimonian and Laird random-effects models. Heterogeneity will be explored using stratified meta-analyses and
meta-regression. Finally, we will use the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
approach to determine certainty in the estimates of association between reported risk factors and the development of SSI.

Results: The protocol was registered in PROSPERO (International Prospective Register of Systematic Reviews). We will
execute the peer-reviewed search strategy on June 30, 2021, and then complete the review of titles and abstracts and full-text
articles by July 30, 2021, and September 15, 2021, respectively. We will complete the full-text study data extraction and risk of
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bias assessment by November 15, 2021. We anticipate that we will be able to submit the manuscript for peer review by January
30, 2022.

Conclusions: This study will identify, synthesize, and determine the certainty in the cumulative evidence associated with risk
factors for early and delayed SSI after lower limb revascularization surgery in patients with peripheral artery disease. The results
will be used to inform practice, clinical practice statements and guidelines, and subsequent research.

Trial Registration: PROSPERO International Prospective Register of Systematic Reviews CRD42021242557;
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=242557

International Registered Report Identifier (IRRID): PRR1-10.2196/28759

(JMIR Res Protoc 2021;10(9):e28759)   doi:10.2196/28759

KEYWORDS

lower limb revascularization surgery; peripheral artery disease; risk factors; surgical site infection; systematic review

Introduction

Background
Lower limb revascularization surgeries (ie, arterial bypass,
endarterectomy, and patch angioplasty) are costly, high-risk
procedures commonly performed in North America and
internationally [1-5]. Indications for these procedures include
chronic limb-threatening ischemia (ie, peripheral artery disease
manifested by ischemic rest pain confirmed by vascular
hemodynamic studies, lower limb ulceration, or gangrene) or,
less commonly, disabling intermittent vasculogenic claudication
that has failed medical management [6]. Although endovascular
therapies are increasingly being used to treat patients with these
indications, they are not as durable or suited for all patients’
anatomical pattern of peripheral artery disease [7-10]. Therefore,
in the United States, approximately 15,000-20,000 lower limb
revascularization surgeries are performed each year, and the
estimated cost per procedure can exceed US $120,000 [1,2].

Surgical site infections (SSIs) are common and costly; they are
also associated with a significantly increased risk of morbidity,
limb loss, and potential mortality after lower limb
revascularization surgery [11-14]. They represent the leading
cause of unplanned and potentially preventable hospital
readmissions after vascular surgery [15,16]. After vascular
surgery, postoperative complications are commonly classified
using the Szilagyi grading system, which includes Szilagyi
grade I (cellulitis involving the wound), grade II (infection
involving subcutaneous tissue), and grade III (infection
involving the vascular graft) SSIs [17-19]. SSI has been
estimated to occur in approximately 7% to 8% of patients after
infrainguinal bypass surgery (and to result in graft infection in
approximately 2%), nearly double the incidence of prolonged
(>10 days) hospitalization, and increase the risk-adjusted costs
per peripheral vascular surgery by approximately US $7300
(and likely several-fold higher after a deep SSI) [11,12,20]. SSIs
involving prosthetic (and sometimes autologous) grafts also
often necessitate urgent reoperation for graft excision to prevent
pseudoaneurysm formation and catastrophic hemorrhage [21].

Identifying valid, evidence-informed risk factors for SSI after
lower limb revascularization surgery is important to assist in
deciding which patients may benefit most from interventions
designed to prevent them. It may also help in determining the
benefit-to-risk profile of performing open over endovascular

revascularization in patients who are candidates for both.
However, although many studies examining potential risk factors
for SSI after lower limb revascularization surgery have been
published, some are difficult to access because their titles may
not indicate that they examined risk factors for SSI. They are
also collectively difficult to interpret, as some have included
potentially overlapping data and many are limited by
between-study clinical heterogeneity. This heterogeneity
includes the recruitment of patients with different indications
for surgery (eg, intermittent vasculogenic claudication, chronic
limb-threatening ischemia, or even aneurysms and vascular
trauma [14]) and examination of different types of lower limb
revascularization surgery (eg, ranging from groin-only
procedures [22,23] to infrainguinal or aortofemoral bypass
[24,25]) or vascular surgery in general [26]. Studies have also
either not adjusted for or variably adjusted for potential
confounding factors when examining associations between
potential risk factors and SSI. Further, some studies have
reported on risk factors for specific types of infection (eg,
prosthetic graft infection [27] or that requiring reoperation [28])
or for infection or wound complications in general [29]. Finally,
others measured their SSI outcomes at different time points
ranging from in-hospital to 30 days or longer or defined the
severity of SSIs using different classification systems.

Objectives
We aim to conduct a systematic review and meta-analysis of
prognostic studies to identify, synthesize, and determine the
certainty in the cumulative evidence associated with reported
risk factors for early and delayed SSI after lower limb
revascularization surgery in adults with peripheral artery disease.
We will also determine whether the strength of association for
individual risk factors varies according to different clinical or
methodological study characteristics.

Methods

Protocol and Role of the Sponsor
We prespecified our methods according to the PRISMA
(Preferred Reporting Items in Systematic Reviews and
Meta-Analyses) statement [30] and the Meta-Analysis of
Observational Studies in Epidemiology proposal [31]. It is
reported according to the PRISMA-P (Preferred Reporting Items
in Systematic Reviews and Meta-Analysis Protocols) statement
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(and the completed PRISMA-P checklist is given in Multimedia
Appendix 1) [32,33]. The study will follow guidelines for
conducting systematic reviews and meta-analyses of prognostic
factor studies [34,35]. The protocol is registered on PROSPERO
(International Prospective Register of Systematic Reviews;
CRD42021242557). The study sponsor, the University of
Ottawa, played no role in the development of the protocol.

Focused Clinical Question
We formulated the study-focused clinical question using the
PICOTS (Population, Index Prognostic Factor, Comparison of
Prognostic Factors, Outcome, Timing, and Setting) framework
for posing clinical questions for systematic reviews of prognostic
factor studies [34,36]. The focused clinical question was as
follows:

• P: in adults (aged ≥18 years) with peripheral artery disease
who underwent lower limb revascularization surgery

• I: which factors increase the risk of SSI or Szilagyi grade
I (cellulitis involving the wound), grade II (infection
involving subcutaneous tissue), or grade III (infection
involving the vascular graft) SSI

• C: over and above other comparator risk and confounding
factors for predicting SSI

• OTS: in-hospital or within ≤30 days or longer than 30 days
after lower limb revascularization surgery?

Information Sources
We will search MEDLINE; MEDLINE Epub Ahead of Print,
In-Process, and Other Nonindexed Citations; Embase; and the

databases contained within Evidence-Based Medicine Reviews
(American College of Physicians 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) from their first available dates
without restrictions. To identify additional citations, we will
also use the PubMed related articles feature and manually search
bibliographies of included studies and relevant review articles
identified during the search.

Search Strategy
A vascular and endovascular surgeon and epidemiologist with
a PhD training in information science and evidence synthesis
methods created the initial MEDLINE search strategy, which
was refined after input from a medical librarian and information
specialist and by adding additional thesaurus or indexing terms
when new and relevant citations were located during iterative
search strategies. Using a combination of Medical Subject
Heading/Emtree terms and keywords, we constructed search
filters covering the themes lower limb revascularization surgery
and surgical site infection. After the refined search strategy was
created, we submitted it to another medical librarian or
information scientist to peer review this search strategy using
the Peer Review of Electronic Search Strategies guidelines [37]
(our pre–peer-reviewed electronic search strategies are given
in Table 1).

Table 1. Pre–Peer Review of Electronic Search Strategies database search strategies.

Search termsSearch theme

Ovid EmbaseOvid MEDLINE, PubMed, and Evidence-Based Medicine Re-
views

Title and subject keywordsExploded Emtree termsTitle and subject keywordsExploded MeSHa terms

((iliofemoral OR femoral OR
femoral artery*) adj3 (endarterec-
tom* OR patch* OR repair*)) OR
((aortofemoral OR aortobifemoral
OR femoral-distal OR femoral
distal OR femoral-popliteal OR
femoral popliteal OR femoral-tib-
ial OR femoral tibial OR infra-
geniculate OR suprageniculate OR
infrainguinal OR lower extremity
OR lower limb OR peripheral
vascular) adj3 (arterial surg* OR
arterial bypass* OR bypass* OR
bypass graft* OR bypass surg* OR
graft* OR intervention* OR
revascularization* OR revascular-
ization 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 is-
chemia/surgery OR en-
darterectomy OR limb is-
chemia/surgery OR peripher-
al artery occlusive dis-
ease/surgery OR prosthetic
vascular graft OR vascular
surgery

((iliofemoral OR femoral OR
femoral artery*) adj3 (endarterec-
tom* OR patch* OR repair*)) OR
((aortofemoral OR aortobifemoral
OR femoral-distal OR femoral
distal OR femoral-popliteal OR
femoral popliteal OR femoral-tib-
ial OR femoral tibial OR infra-
geniculate OR suprageniculate OR
infrainguinal OR lower extremity
OR lower limb OR peripheral
vascular) adj3 (arterial surg* OR
arterial bypass* OR bypass* OR
bypass graft* OR bypass surg* OR
graft* OR intervention* OR
revascularization* OR revascular-
ization procedure* OR vascular
bypass* OR vascular bypass surg*
OR vascular graft* OR vein graft*
OR prosthetic graft*))

Arterial occlusive dis-
ease/surgery OR endarterec-
tomy OR ischemia/surgery
OR lower extremity/surgery
OR peripheral arterial dis-
ease/surgery OR peripheral
vascular diseases/surgery
OR vascular surgical proce-
dures

Lower extremi-
ty revasculariza-
tion surgery

infection* OR surgical site infec-
tion* OR surgical wound infec-
tion* OR wound infection*

Surgical infection OR
wound infection

infection* OR surgical site infec-
tion* OR surgical wound infec-
tion* OR wound infection*

Infections OR surgical
wound infection

Infection

aMeSH: Medical Subject Heading.

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e28759 | p.130https://www.researchprotocols.org/2021/9/e28759
(page number not for citation purposes)

Roberts et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Data Management and Selection Process
The titles and abstracts of citations identified during the search
will be imported into EndNote X9 reference management
software (Clarivate, Thomson Reuters Corporation). This
software will be used to remove identical duplicate citations
before exporting them into Distiller SR (Evidence Reviews).
Two investigators will then independently review the titles and
abstracts of the articles identified by the search and select any
article deemed potentially relevant by either investigator for
full-text review. Finally, 2 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 (Textbox 1).

Peripheral artery disease will be defined as intermittent
vasculogenic claudication or chronic limb-threatening ischemia
(ie, ischemic rest pain confirmed by vascular hemodynamic
studies, lower limb ulceration, or gangrene) [6]. Lower limb
revascularization surgery will be considered to include
iliofemoral or femoral endarterectomy or patch angioplasty and
aortofemoral, aortobifemoral, iliofemoral, femoral-popliteal,
femoral-tibial, femoral-peroneal, axillofemoral, and
femoral-femoral bypass. We will exclude studies that did not
adjust for confounding in their effect estimates, exclusively
examined certain high-risk patient cohorts (eg, those with
obesity, diabetes, or chronic renal failure requiring dialysis), or
included >20% of patients who underwent surgery for
indications other than peripheral artery disease (eg, aneurysm
disease). There will be no restrictions regarding the publication
date, setting, or language of the study.

Textbox 1. Eligibility criteria.

Inclusion criteria

• Population: The study included adults (aged ≥18 years) with peripheral artery disease who underwent lower limb revascularization surgery.

• Index and comparison prognostic factors: The study evaluated the prognostic value of a potential risk factor over and above (ie, adjusted for or
independent of) other existing or comparator risk and confounding factors for predicting postoperative surgical site infection (SSI).

• Outcome, timing, and setting: The study reported odds ratios, risk ratios, or hazard ratios (and surrounding SE or 95% CIs) adjusted for the
presence of other risk factors or confounding variables and relating the potential risk factors of interest to the development of SSI in patients
undergoing lower limb revascularization surgery [18,19].

• Study design: Observational (ie, cohort or case-control) studies or secondary analyses of randomized controlled trial data.

Outcomes
The primary outcomes will be early (in-hospital or ≤30 days)
SSI and early Szilagyi grade I (cellulitis involving the wound),
grade II (infection involving subcutaneous tissue), and grade
III (infection involving the vascular graft) SSI. Secondary
outcomes will be longer-term (>30 days) SSI or Szilagyi grade
I (cellulitis involving the wound), grade II (infection involving
subcutaneous tissue), or grade III (infection involving the
vascular graft) SSI [17-19]. Although we will primarily use the
Szilagyi classification to classify the severity of SSIs (as it is
the most commonly used system in vascular surgery [18]),
alternate classification systems for the severity of SSI are
permitted if used by study authors (eg, the Centers for Disease
Control, the American College of Surgeons National Surgical
Quality Improvement Program, or the Veterans Affairs Quality
Improvement Program).

Data Items and Collection Process
Two investigators will independently extract data in duplicate
using a predesigned electronic data extraction spreadsheet
piloted on a representative sample of five included studies. We
will extract the following data from the included studies: (1)
design, data source, and setting of the study; (2) patient
recruitment period; (3) patient and procedural characteristics,
including the number and types of procedures performed, the
proportion of patients who had a groin incision (vertical or
oblique), and the indication for the procedure (ie, intermittent
vasculogenic claudication or chronic limb-threatening ischemia);
(4) reported potential risk factors for SSI; (5) reported adjusted
associations between the reported risk factors and the

development of SSI and Szilagyi grade I, grade II, and grade
III SSI after lower limb revascularization surgery (or different
severities of SSI defined using different classification systems);
(6) other prognostic or confounding factors that were adjusted
for when evaluating associations between potential risk factors
and SSI (crude or unadjusted associations were not extracted);
and (7) whether the authors adjusted for a minimum confounder
set in their analyses. This minimum confounder set was defined
based on a narrative review of published studies and will include
surgical urgency, age, sex, obesity, diabetes, the presence of
critical or chronic limb-threatening ischemia, and whether a
groin incision was used.

Risk of Bias Assessment
Two investigators will independently evaluate the study risk of
bias in duplicate using the Quality in Prognosis Studies tool
[38,39]. This tool includes questions regarding study
participation and attrition, potential risk factor and outcome
descriptions and measurements, confounding measurement and
account, and methods and reporting of statistical analyses (the
operationalized list of quality domains containing the prompting
items used when making risk of bias decisions is given in
Multimedia Appendix 2 [40]) [38,39]. The assessment of
statistical analyses will incorporate recommendations for
building and appraising logistic regression models [40,41]. We
will assess whether studies that used administrative data used
validated coding algorithms to identify indications for
revascularization (eg, intermittent vasculogenic claudication or
chronic limb-threatening ischemia), SSI, and SSI severity.
Disagreements regarding risk of bias assessments will be
resolved by consensus.
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Qualitative Data Synthesis
Before conducting quantitative data analyses, we will perform
a narrative synthesis of candidate risk factors for SSI [42]. First,
we will tabulate the reported risk factors along with the time of
measurement of the SSI, the classification system used to
determine the severity of SSI (where relevant), study data
source, patient recruitment period, and study SSI outcome
definition. This tabulation will be used to cluster reported risk
factors into themes (eg, patient characteristics) and subthemes
(eg, comorbidities) and identify potentially duplicate data. It
will also allow us to identify risk factors for different severities
of SSI after lower limb revascularization surgery that were
classified using different severity classification systems but that
have similar enough definitions to allow for meta-analysis. For
example, we will combine risk factor estimates for Szilagyi
grade I and grade II SSIs with those for superficial and deep
incisional infections as defined by the Centers for Disease
Control and American College of Surgeons National Quality
Improvement Program.

Quantitative Data Synthesis and Statistical Analyses
We will use the odds ratio as the summary measure of
association for pooled analyses. Adjusted risk factor estimates
with similar definitions will be pooled using DerSimonian and
Laird random-effects models [43]. We will limit the primary
analysis to prognostic studies that controlled for the minimum
set of confounders, as recommended by guidance documents
on meta-analyses of prognostic studies [34]. When adjusted risk
factor estimates with the same definition were calculated from
the same data source (eg, the American College of Surgeons
National Surgical Quality Improvement Program) across several
studies, we will include the estimate derived from the largest
study. As a sensitivity analysis, we will also recalculate the
estimate using that derived from the other smaller studies, as
studies may have variably adjusted their estimates for potentially
confounding factors.

We will inspect forest plots, calculate Cochran Q homogeneity

and I2 inconsistency statistics, and conduct tests of homogeneity
(P<.10 will be considered significant, given the low power of
these tests) to assess for interstudy heterogeneity in the
aforementioned estimates [44-46]. As suggested by Higgins et

al [45], we will consider I2 statistics >25%, >50%, and >75%
to represent low, moderate, and high degrees of heterogeneity,
respectively. In the presence of at least low interstudy
heterogeneity, we will conduct subgroup meta-analyses and
meta-regression using DerSimonian and Laird random-effects
models, with the summary odds ratio for SSI as the dependent
variable. We will use the following predictor variables in an
attempt to explain heterogeneity in these stratified meta-analyses
and meta-regressions: (1) a high versus low risk of bias related
to study participation and attrition, potential risk factor and
outcome description and measurement, or methods and reporting
of statistical analyses; (2) whether the potential risk factor was
adjusted for the minimum confounder set; and (3) the type of
lower limb revascularization surgery (stratified by aortofemoral
or bifemoral bypass, axillofemoral or bifemoral bypass, a
groin-only procedure, or an infrainguinal bypass). Finally, the
proportion of patients undergoing an urgent surgical procedure

or with these different types of lower limb revascularization
surgeries will also be included as predictor variables in
meta-regressions.

We will evaluate for evidence of small study effects potentially
due to publication bias for each potential risk factor–SSI
association by visually inspecting produced funnel plots and
using Begg and Egger tests (P<.05 will be considered
significant) [47]. Statistical analyses will be performed by a
trained meta-analyst using Stata MP version 13.1 (Stata
Corporation).

Certainty in the Cumulative Evidence
We will use the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) approach for the
assessment of evidence about prognostic factors to determine
the certainty in the estimates of association between the reported
risk factors and the development of SSI [48]. To do this, we
will first assess the risk of bias, imprecision, inconsistency,
indirectness, and publication bias associated with the evidence
for the reported risk factors [49-53]. The overall certainty in
these estimates will then be adjudicated as high (further research
is very unlikely to change our confidence in the estimate of
effect), moderate (further research is likely to have an important
impact on our confidence in the estimate of effect and may
change the estimate), low (further research is very likely to
have an important impact on our confidence in the estimate of
effect and is likely to change the estimate), or very low (very
uncertain about the estimate of effect) [33].

Results

As of June 10, 2021, we have submitted the search strategy to
another medical librarian or information scientist to peer review
it using the Peer Review of Electronic Search Strategies
guideline [37]. We will execute the peer-reviewed search
strategy on June 30 and then complete the review of titles and
abstracts and full-text articles by July 30, 2021, and September
15, 2021, respectively. We will complete the full-text study data
extraction and risk of bias assessment by November 15, 2021.
Subsequently, we will conduct the qualitative data synthesis,
followed by the quantitative data synthesis and the Grading of
Recommendations, Assessment, Development, and Evaluation
assessment of the results by November 1, 2021 before drafting
the manuscript. We anticipate that we will be able to submit the
manuscript for peer review by January 30, 2022.

Discussion

Principal Findings
SSIs are one of the most important complications in vascular
surgery [11]. This study will identify, synthesize, and determine
the certainty in the cumulative evidence associated with reported
risk factors for SSI after lower limb revascularization surgery
in patients with peripheral artery disease. It will also determine
whether risk factors vary by the type of procedure performed
(eg, a groin-only procedure or an infrainguinal bypass) or when
the SSI was measured to occur (ie, in-hospital or more delayed).
Finally, it will examine whether risk factors vary by how well
study investigators accounted for different study risks of bias
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or other confounding or risk factors or whether the SSI involves
the skin, subcutaneous tissue, or vascular graft.

Implications
Results will be used to help surgeons, patients, and authors of
clinical practice statements and guidelines in deciding on the
safety of open vascular surgery in patients with medically
refractory intermittent claudication and in selecting between
open and endovascular revascularization when patients with
chronic limb-threatening ischemia are candidates for both. It
will also assist clinicians and policy makers in deciding which

patients may benefit most from interventions designed to prevent
SSIs (eg, incisional negative-pressure wound therapy [54]) and
in designing future research in this area. This will include the
creation of a prediction tool for identifying those at high risk
for SSI after lower limb revascularization surgery and studies
determining whether interventions that modify these risk factors
before, during, or after surgery reduce the risk of SSI in this
vulnerable population. The results may also assist in creating
eligibility criteria for future randomized controlled trials
designed to determine whether novel interventions or pathways
are efficacious in preventing SSIs in this patient population.
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Abstract

Background: Psychological distress, isolation, feelings of powerlessness, and limited social support are realities faced by
temporary migrant live-in caregivers in Canada. Furthermore, they experience multiple barriers in accessing mental health services
due to their long work hours, limited knowledge of health resources, precarious employment, and immigration status.

Objective: The Women Empowerment - Caregiver Acceptance & Resilience E-Learning (WE2CARE) project is a pilot
intervention research project that aims to promote the mental well-being and resiliency of migrant live-in caregivers. The objectives
include exploring the effectiveness of this program in achieving the following: (1) reducing psychological distress (depression,
anxiety, and stress); (2) promoting committed actions of self-care; and (3) building mutual support social networks. Further,
participants’ satisfaction with the intervention and their perceived barriers to and facilitators of practicing the self-care strategies
embedded in WE2CARE will be examined.

Methods: A total of 36 live-in caregivers residing in the Greater Toronto Area will be recruited and randomly assigned to either
the intervention or waitlist control group. The intervention group will receive a 6-week web-based psychosocial intervention that
will be based on Acceptance and Commitment Therapy (ACT). Standardized self-reported surveys will be administered online
preintervention, postintervention, and at 6 weeks postintervention to assess mental distress (Depression, Anxiety and Stress Scale),
psychological flexibility (Acceptance and Action Questionnaire), mindfulness (Cognitive and Affective Mindfulness Scale –
Revised), and resilience (Multi-System Model of Resilience Inventory). In addition, two focus groups will be held with a subset
of participants to explore their feedback on the utility of the WE2CARE program.

Results: WE2CARE was funded in January 2019 for a year. The protocol was approved by the research ethics boards of Ryerson
University (REB 2019-036) and the University of Toronto (RIS37623) in February and May 2019, respectively. Data collection
started upon ethics approval and was completed by May 2020. A total of 29 caregivers completed the study and 20 participated
in the focus groups. Data analyses are in progress and results will be published in 2021.

Conclusions: WE2CARE could be a promising approach to reducing stress, promoting resilience, and providing a virtual space
for peer emotional support and collaborative learning among socially isolated and marginalized women. The results of this pilot
study will inform the adaptation of an ACT-based psychological intervention for online delivery and determine its utility in
promoting mental health among disadvantaged and vulnerable populations.
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Introduction

The Canadian Temporary Foreign Worker Program engages
workers in sectors such as agriculture, petroleum, home
caregiving, and other low-skilled occupations [1-3]. Temporary
foreign workers (TFWs) are restricted to work only for the
employers designated in their work permits. Most TFWs earn
low wages, work long hours without any overtime
compensation, live in substandard conditions, and have limited
to no access to health care services or employment insurance
despite paying into these programs [4-7]. The Caregiver
Program, previously known as the Live-in Caregiver Program,
is a stream of the Temporary Foreign Worker Program, which
engages workers in in-home caregiving [1,8,9]. Despite
Caregiver Program reforms in November 2014, which provided
caregivers with the option of living outside of their employers’
homes, most caregivers continue to live with their employer
due to low wages, inability to afford to live independently, and
precarious work permits [5,6,10]. Most caregivers are racialized
women from lower- or middle-income countries like the
Philippines [2,11]. Live-in caregivers are one of the most
vulnerable TFW groups because they live and work in private
households where government surveillance remains nonexistent,
employees’ privacy is gravely undermined, seclusion is often
imposed, and unionization is unattainable [4,12]. TFWs are
often the primary source of income for their families in their
home country, sending back regular remittances and being
compelled to tolerate substandard working and living conditions
[4,6]. Although participants in this program are eligible to apply
for permanent residency for themselves and their immediate
families after 24 months of service, they are not allowed to bring
their families to Canada until they become permanent residents,
which could take 4 to 10 years [1,8]. In other words, family
separation is one of the main requirements for receiving their
work permit.

A limited but valuable body of literature examined the mental
health of migrant live-in caregivers in Canada [13-16]. These
studies reported high psychological distress among live-in
caregivers, mainly related to concerns about family at home,
an inability to fulfill requests for money, precarious employment
and immigration, excessive work demands, lack of privacy,
reproaches and abuse from employers, fear of deportation and
job loss, feelings of alienation, extreme loneliness, and limited
social support [14,15]. Based on caregivers’ reality of high
stress and limited free time, it is imperative that they be provided
with psychosocial support to reduce stress and promote their
resilience.

Acceptance and Commitment Therapy (ACT) is an
evidence-based psychological intervention that has proven to
be effective in addressing mental and physical health challenges
in both clinical and nonclinical populations [17-19]. Web-based

ACT has also been found to be effective in addressing health
challenges such as distress related to trauma, anxiety, depression,
and chronic pain [20-22]. It promotes mental wellness and
psychological flexibility by helping participants face their
distress while engaging in the pursuit of valued actions such as
self-care and other meaningful activities. ACT uses
mindfulness-based exercises and experiential exercises to
decrease experiential avoidance and to enhance one’s
psychological flexibility through advancing six core processes:
defusion (observing thoughts as thoughts), acceptance (of
experiences of emotions and feelings), contact with the present
moment (mindfulness), self-as-context (awareness and
self-perspective), values (being clear about what matters), and
committed action (based on values) [23,24].

The six ACT core processes can support migrant live-in
caregivers in coping effectively with their mental health stress
by enabling them to recognize their internal psychological
struggles (eg, fusion with ideas and thoughts, avoidance of
emotions and feelings) and apply ACT strategies like
mindfulness, defusion from unworkable ideas, and engaging in
committed action consistent with the value of self-care (eg,
engaging in culturally syntonic activities like singing or praying
and building social support networks). Given that live-in
caregivers work long hours, have extremely limited free time,
and lack social support, a web-based intervention offers flexible
access while promoting virtual social connection.

This paper presents the study protocol of Women Empowerment
- Caregiver Acceptance & Resilience E-Learning (WE2CARE),
an internet-based ACT for promoting the mental well-being of
migrant live-in caregivers. The study aims to reduce
psychological distress (depression, anxiety, and stress) and
promote committed actions of self-care. The study protocol
received ethical approval from the research ethics review boards
of Ryerson University (REB 2019-036) and the University of
Toronto (RIS37623).

Methods

Study Design
A pilot community-based mixed methods design is used to
assess the feasibility and effectiveness of the WE2CARE
program. WE2CARE involves two sequential phases: a
quantitative component that includes a waitlist randomized
controlled trial and a qualitative component that involves focus
groups. The waitlist control group will be used as an untreated
comparison for the active experimental group to determine if
the program had an effect.

Participants and Recruitment Strategies
A total of 36 participants will be recruited by two community
champions (ie, trusted members of the caregivers’ community
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collaborating with community health organizations serving the
TFW population) and a snowball sampling technique. The
inclusion criteria will include the following: (1) female adults
aged ≥18 years, (2) residing in the Greater Toronto Area, (3)
working on a temporary work permit as live-in caregivers, (4)
able to speak and read English, (5) have internet access, and (6)
able to take part in the 6-week intervention. They will be
randomized to either the intervention arm or control arm using
a random number generator.

In Phase 2 of our study, we will conduct two focus groups with
a subset of participants from Phase 1 who indicate interest in
participating. The aim of the focus groups is to gain a deeper
understanding about participants’ views of the effectiveness of
WE2CARE in promoting mental health, their perceived barriers
and challenges in accessing this method of delivery (ie, online),
and their recommendations to improve the content and method
of delivery of this program.

Treatment Intervention

Overview
The WE2CARE intervention consist of six e-learning modules
that cover the ACT processes. Each week, participants are
invited to complete an online, self-directed, interactive
experiential session on ACT strategies (approximately one hour
to complete) and to attend a 90-minute live online
videoconference during which group discussions and
question-and-answer sessions are facilitated by our research
team members to support participants’ ACT practice.

Module 1: Reflecting on the Present Journey
This module provides the following: (1) an introductory
overview of the course, (2) a guided interactive exercise for
participants to reflect on their identity and experience as live-in
caregivers, including their current distress and challenges, and
the factors that motivate them to continue with their jobs (ie,
both the immediate tangible rewards and internal values, such
as caring for their families back home), and (3) an introduction
to mindfulness as an approach toward all experiences, including
psychological suffering.

Module 2: Developing Adaptive ACT Strategies to Deal
With Distressing Experiences
This module supports participants to achieve the following: (1)
recognize all thoughts as thought processes rather than being
trapped by their literal content; for example, rather than
worrying or arguing back with a thought about one’s uncertain
future (“I am going to lose my job soon,” “my life will always
be hopeless,” etc), one can mindfully recognize and accept them
as thoughts and not reality, and focus on experiencing the here
and now (defusion, acceptance, present moment); (2) overcome
the tyranny of unhelpful rules or stories that constrict adaptive
or valued behaviors (eg, “showing emotions is a weakness,” “I
am no longer worthy,” “my needs are not important”) (defusion,
acceptance); and (3) cultivate appreciation and gratitude,
enabling them to connect to any positive aspects of their
experience, however small, that may have been neglected due
to fusion with the everyday challenges caused by difficult work

conditions (eg, enjoying the sunrise, a cup of tea, a warm bath,
fresh air; acceptance, present moment).

Module 3: Experiencing the Transcendent Self
This module engages participants in experiential exercises that
support them to do the following: (1) reconnect with their former
sense of self and identities before becoming a migrant caregiver,
including their personal and cultural strengths; (2) defuse from
any rigid conceptualized self (ie, being just an objectified
migrant caregiver) and become aware through the “observer
self” that they are not defined by their memories, their
experiences, or labels imposed on them (rather, they are the
holders of their lived experiences that continue to change
throughout life); and (3) rediscover their strengths, passion,
interests, and aspirations, and recognize their capacity to make
choices based their values (eg, singing in a choir, attending a
community event, choosing a new style of clothing;
self-as-context, acceptance, present moment, values).

Module 4: Getting in Touch With Values and Meaning
This module engages participants to do the following: (1)
explore their values in all domains in their life (self-care, family,
friends, career, community, spirituality, etc); (2) evaluate
whether their actions are moving toward or away from their
values and supporting them to achieve balanced living; and (3)
commit to self-care and other actions based on their values
(values, committed action, acceptance).

Module 5: Building a Supportive Network
This module support participants to accomplish the following:
(1) negotiate barriers to self-care by drawing from learned ACT
strategies; (2) identify personal and community resources and
reconnect with existing supports (eg, church, community
associations); and (3) build new supports, such as mutual virtual
support networks (values, defusion, acceptance, present moment,
committed action).

Module 6: Committing to Valued Action
This module supports participants to consolidate their
commitment to self-care by doing the following: (1) developing
concrete short, intermediate, and long-term plans for self-care
and (2) anticipating future barriers and formulating mitigating
ACT strategies to sustain a commitment to self-care (committed
action, values, present moment).

One of the therapeutic goals of WE2CARE is to motivate
participants to engage collectively in building social support
networks. The weekly videoconference, which will be
cofacilitated by two trained research team members, will provide
a viable venue to facilitate and model the development of a
virtual community of mutual support, which may continue
beyond the project.

A previous ACT intervention study conducted by our team
members demonstrated that a participant-driven social support
e-network (a closed group on Facebook) was effective in
reducing social isolation, promoting community engagement,
and strengthening mutual support.
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Data Collection
Informed consent will be obtained prior to data collection. Data
will be gathered using both quantitative and qualitative tools,
which include self-completed questionnaires and focus groups.

Quantitative data will be captured for participants in the control
and intervention groups through self-report instruments that
will be administered online pre- and postintervention. The
intervention group will also complete the questionnaires 6 weeks
postintervention. The survey questionnaires will include the
following:

1. The preintervention survey will include sociodemographic
and health-related questions.

2. The standardized scales administered preintervention,
postintervention, and at the 6-week follow-up will include the
following:

• The Depression, Anxiety and Stress Scale (DASS-21), a
set of three self-report scales (21 items) designed to measure
the emotional states of depression, anxiety, and stress.

• The Acceptance and Action Questionnaire (AAQ-2), a
7-item scale specifically designed to measure the impact
of ACT core processes conceptualized as psychological
flexibility.

• The Cognitive and Affective Mindfulness Scale – Revised
(CAMS-R), a 12-item measure designed to capture a broad
conceptualization of mindfulness not specific to any
particular type of meditation training.

• The Multi-System Model of Resilience Inventory
(MSMR-I), which consists of three subscales: internal
resilience, pursuits and coping, and external resilience. Each
subscale contains 9 self-reported items and indicates where
the barriers to one’s resilience lie. These scales have shown
good psychometric properties including internal
consistency, test-retest reliability, and validity.

3. Participants’ evaluation of the WE2CARE program.
Participants’ feedback about the program will be captured
through a 12-item questionnaire that elicited their perceptions
of the impact the program had on their mental and social
well-being and their knowledge of how to access mental health
services.

Qualitative data will be obtained through focus groups and
interactive entries embedded throughout the 6 online modules,
including questions on caregiving burden and factors that
promote resilience in Module 1 and weekly valued action data
logs on self-care in Modules 2-6.

Data Analysis Planning
Descriptive statistics will be used to summarize participants’
sociodemographics, self-reported health characteristics, and
practices. Both independent and dependent t tests will be
performed to assess the mean score differences for each outcome
measure across and within groups. An independent t test will
be used to compare mean scores across the intervention and
control groups. Paired t tests will be used to compare the
following: (1) baseline and postintervention outcomes and (2)
baseline and 6-week postintervention outcomes among
intervention participants.

The number of intervention participants at low risk and at risk
for anxiety, depression, and stress will also be compared at
baseline, postintervention, and 6 weeks postintervention. The
Fisher exact test will be used to determine if the number of
intervention participants at risk for anxiety, depression, and
stress changed across time. Risk for anxiety, depression, and
stress will be assessed using the DASS-21 and AAQ-7. The
DASS-21 contains three subscales that assess anxiety,
depression, and stress. Those that score at a moderate severity
level or above for anxiety, depression, and stress will be
considered at risk. The cutoffs for a moderate severity level will
be set at 9 for anxiety, 13 for depression, and 18 for stress. Based
on the AAQ-7 scoring instructions, a score above 23 is
associated with depression or anxiety symptoms.

Linear mixed effects models will be created for each outcome
of interest from baseline to postintervention among participants
in the intervention and control groups. Each model will include
two fixed effects parameters and two random effects parameters,
one for the intercept and one for the outcome. The intercept
fixed effect represents the typical initial score of an outcome
and the outcome fixed effect represents the typical increase or
decrease in score from baseline to postintervention.

Participants’ feedback on the 12-item questionnaire will be
stratified by study arm allocation and an independent t test will
be used to determine if there are differences in survey responses
by study arm allocation.

Quantitative data will be analyzed using SPSS (version 27; IBM
Corp) and R (version 1.2.5003; R Foundation for Statistical
Computing) for Windows. A threshold of .05 will be used to
determine the level of significance for all P values.

Qualitative data include transcripts of the audiotaped focus
groups and interactive entries embedded throughout the 6 online
modules. Both data-driven inductive and question-driven
deductive approaches will be used to analyze the data [25]. Each
transcript and responses to each module will be reviewed
independently by at least two research team members to generate
initial codes, which will be reviewed by all team members and
developed into a codebook through discussion and consensus.
The team will then organize the coded data into themes
(common patterns) and illustrations (unique aspects of
experience) for reporting [25]. Integrity of data interpretation
will be maintained by following strategies of credibility
(member check, peer debriefing) and auditability [26,27].

Results

The WE2CARE study protocol has been approved by the
research ethics boards of Ryerson University (REB 2019-036)
and the University of Toronto (RIS37623). Data collection
occurred between November 2019 and May 2020. Of 18
participants in the intervention group, one did not complete the
baseline questionnaire, while 6 of 18 participants in the control
group withdrew from the study due to other competing life
priorities. The total number of participants who completed the
study was 29, with 17 in the intervention group and 12 in the
control group. Our intervention group was divided into two
cohorts of 9 and 8 participants, respectively. This allowed more

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e31211 | p.140https://www.researchprotocols.org/2021/9/e31211
(page number not for citation purposes)

Fung et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


opportunity for participants to share their experiences, mental
health stressors, and application of ACT strategies during weekly
videoconferences. The control group received the intervention
after the two intervention cohorts were completed. Data analysis
is in progress and results will be published in 2021.

Discussion

WE2CARE is among the first studies exploring the effectiveness
of ACT in addressing mental health challenges among live-in

caregivers. Although there are numerous studies on web-based
ACT intervention, few use group videoconferencing to promote
peer connection and mutual support. One of the key goals of
WE2CARE is to motivate participants to engage collectively
in building social support networks. The weekly
videoconferences, facilitated by trained counsellors, provide a
viable vehicle to facilitate the building of a virtual community
of mutual support. The results of both quantitative and
qualitative data will guide the adoption of this intervention to
best meet the mental health needs of migrant live-in caregivers.
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Abstract

Background: There is growing evidence that digital patient-reported outcome (PRO) questionnaires and PRO-based decision
support tools may help improve the active engagement of people with diabetes in self-care, thereby improving the quality of care.
However, many barriers still exist for the real-world effectiveness and implementation of such PRO tools in routine care.
Furthermore, limited research has evaluated the acceptability, feasibility, and benefits of such tools across different health care
settings.

Objective: This study aims to evaluate the acceptability, feasibility, and perceived benefits of the Danish digital PRO diabetes
tool in different health care settings in Denmark and to determine the factors affecting its implementation. Furthermore, the study
evaluates the psychometric characteristics of the Danish PRO Diabetes Questionnaire and the validity of the scoring algorithms
for dialogue support. The objective of this study is to guide the ongoing optimization of the PRO diabetes tool, its implementation,
and the design of future randomized controlled effectiveness studies.

Methods: We designed a multicenter, mixed methods, single-arm acceptability-feasibility implementation study protocol to
contribute to the real-world pilot test of a new digital PRO diabetes tool in routine diabetes care. The use of the tool involves two
main steps. First, the people with diabetes will complete a digital PRO Diabetes Questionnaire in the days before a routine diabetes
visit. Second, the health care professional (HCP) will use a digital PRO tool to review the PRO results together with the people
with diabetes during the visit. The PRO diabetes tool is designed to encourage and support people to take an active role for the
people with diabetes in their own care and to expedite the delivery of person-centered, collaborative, and coordinated care.
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Results: A multicenter pilot study protocol and psychometrically designed digital data collection tools for evaluation were
developed and deployed as part of a national evaluation of a new digital PRO diabetes intervention. A total of 598 people with
diabetes and 34 HCPs completed the study protocol by April 1, 2021.

Conclusions: A large-scale, mixed methods, multicenter study for evaluating the use of the nationally developed PRO Diabetes
Questionnaire in routine care across all health care sectors in Denmark by using the RE-AIM (Reach, Efficacy, Adoption,
Implementation and Maintenance) model as a framework has been designed and is ongoing. This study is expected to provide
new important and detailed information about the real-world acceptability, perceived relevance, and benefits of the PRO diabetes
tool among a large heterogeneous population of people with diabetes in Denmark and HCPs in different care settings. The results
will be used to further improve the PRO tool, design implementation facilitation support strategies, and design future controlled
effectiveness studies.

International Registered Report Identifier (IRRID): DERR1-10.2196/28391

(JMIR Res Protoc 2021;10(9):e28391)   doi:10.2196/28391

KEYWORDS

diabetes; type 1 diabetes; type 2 diabetes; multisector care; digital health; patient-reported outcomes; patient-centered care;
internet-administered; feasibility; mixed-method research; mobile phone

Introduction

Background
Patient-reported outcome (PRO) questionnaires and PRO-based
digital decision support tools, henceforth referred to as PRO
tools, may help improve the quality of life and multiple
person-centered aspects of quality of care for those with diabetes
when appropriately designed for use in routine practice [1-3].
Depending on the purpose, content, and design of the tool,
digital self-assessment and PRO tools have the potential to
increase person-centered care in many ways [4-7].

PRO tools may facilitate the active engagement of people with
diabetes in caring for themselves on their own through improved
self-insight and disease insight [8-10]; better preparation (of
both the person with diabetes and health care professional
[HCP]) before visits, thereby benefiting the quality of the visit
[11]; focus on the person with diabetes’ individual needs and
priorities [1]; detection of symptoms and underlying conditions
requiring treatment [12-15]; assessment of symptom severity
[16], prioritization of topics to discuss at the care visit [17];
monitoring of side effects [18,19] and treatment response;
provision of treatment decision support [18]; and the creation
of data allowing ongoing quality monitoring, benchmarking,
and care improvement [20].

However, evidence shows that designing digital PRO tools that
are acceptable, feasible, and effective among the majority of
the population and successfully implementing them in diverse
routine care settings are difficult tasks, owing to a variety of
barriers to and challenges for both people with diabetes and
HCPs [21-24]. The use of participatory research and the
systematic involvement of patients in the design and evaluation
of PRO tools has been emphasized as a means of improving the
field’s knowledge and understanding the barriers to and
facilitators for their sustainable use [1,2,25].

A national PRO diabetes tool comprising a PRO questionnaire
and a digital clinical dialogue and decision support tool was
developed in 2018-2020 [1] for use in routine diabetes care
across health care sectors in Denmark as part of a national
strategy to implement PRO in diabetes care. Its development

was undertaken using a multi-stakeholder participatory and
systematic stepwise approach involving both people with
diabetes and HCPs across all stages to achieve an acceptable,
person-centered, and feasible solution [1,26]. A detailed
real-world evaluation of how people with diabetes experience
the introduction of the new digital PRO diabetes tool in their
routine care at a larger scale is important to guide the continued
improvement of the tool. A multidimensional evaluation
framework is required to evaluate the full range of potential
factors influencing the reach, implementation, and effectiveness
of the PRO tool [27,28].

This study is a multicenter PRO diabetes study (M-PRODIA)
conducted in the context of a national evaluation of the newly
developed national PRO diabetes tool under the auspices of the
Danish Health Authority and the Region of North Denmark.
The Danish PRO Diabetes Tool has two primary benefits. First,
the tool is intended to support people with diabetes in becoming
actively engaged in their own care and experiencing a greater
influence on their care. Second, the tool was designed to
improve the dialogue and quality of care visits by (1) improving
the focus of care on what is most important to the individual
person with diabetes; (2) enabling a structured and
comprehensive review of people with diabetes’biopsychosocial
needs and priorities; and (3) facilitating a collaborative and
coordinated approach to caring for people with diabetes.

Three broader strategic aims guiding the national value-based
PRO diabetes program were to improve the delivery of
coordinated, person-centered quality diabetes care for adults
with type 1 and type 2 diabetes in Denmark, to allocate health
services for optimal value to people with diabetes, and to collect
PRO data to enable person-centered quality of diabetes care
improvement and research.

The PRO diabetes tool consists of two elements: a newly
developed diabetes questionnaire covering a wide range of topics
relevant to people with diabetes (Multimedia Appendix 1) to
be completed by people with diabetes before their routine visit
[1], and a digital PRO tool that includes an interactive display
of PRO results (PRO dashboard) for use by people with diabetes
and HCPs together during the care visit.
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In a 2019 study, we showed that in an outpatient clinic, the PRO
diabetes tool was perceived as acceptable, feasible, and helpful
in improving the active participation of people with diabetes
and overall quality of the dialogue [29]. Further evidence
involving a broader group of people with diabetes and HCPs is
required to evaluate the validity, reliability, acceptability,
feasibility, and effectiveness of the PRO diabetes tool and
identify knowledge gaps, guide future research, and inform the
planning of wider implementation. Research on the acceptance
of digital PRO solutions among people with diabetes highlights
that multiple possible issues may affect acceptance, including
eHealth literacy, privacy concerns, emotional impact [24], and
factors such as expected personal benefit, expected ease of use,
perceived social acceptance, and facilitating conditions
(user-centered design for use) [30]. It is hypothesized that this
PRO diabetes tool, due to the use of systematic patient
involvement [31,32] in the design phase to address these factors,
will have a high real-world acceptance among people with
diabetes. Few studies similarly highlight a range of possible
barriers to the optimal adoption and use of PRO tools in diabetes
care by HCP [33-35]. As a national multidisciplinary group of
HCPs was involved in all stages of the development of the PRO
diabetes tool with attention to these issues, it is hypothesized
that there will be a high level of adoption of this tool among
people with diabetes. Defining the prerequisites for effective
use by HCPs, such as indicators for fidelity, skills training, and
support, will be significant in guiding the implementation of
the tool [33].

Furthermore, it is necessary to confirm the extent to which the
PRO questionnaire meets overall quality criteria for clinical
PRO tools [1], including (1) its acceptability for both people
with diabetes and HCPs, (2) its usefulness and relevance across
the care continuum, (3) its support for active engagement of the
people with diabetes, and (4) its contribution to person-centered
care outcomes (eg, care experience, care quality, care
satisfaction, health-related empowerment, and health and
diabetes-related quality of life outcomes) [36].

It is essential to evaluate the extent to which the PRO tool
influences process indicators for person-centered diabetes care,
such as the quality of communication and interpersonal
relationships, collaboration, and the use of shared
decision-making. The introduction of PRO may affect the quality
of person-centered diabetes language and communication among
people with diabetes, people with diabetes and family members
of people with diabetes, among HCP within and across teams,
and among health care sectors [37-39]. Furthermore, PRO may
affect the quality of preventive and health-promoting activities,
the quality of medical diabetes care and self-management
support [1], and the consideration of the voice of people with
diabetes in payer decisions on health care. It is relevant to
evaluate the extent to which the PRO tool impacts individual
factors such as the health competency, health-related
empowerment, active engagement, and self-management
behaviors of the people with diabetes; the experiences of people
with diabetes with regard to care and support; and
patient-relevant treatment outcomes.

Detailed empirical data, both qualitative and quantitative, are
needed regarding the process of implementation in practice,

identifying the key barriers to and facilitators for its effective
implementation, its reach among the adult diabetes population,
and the intervention requirements to fulfill the tool’s purpose
and exert its intended effect at the population level [40]. To our
knowledge, the Danish PRO Diabetes Tool is the first digital
multidimensional PRO Diabetes Questionnaire, specifically
designed through a systematic multi-stakeholder participatory
process to improve the quality of person-centered care across
primary, secondary, and municipality care settings. This tool
was designed from 2017 to 2020 through a stepwise national
participatory process including 5 multi-stakeholder,
multidisciplinary full-day meetings with the representation of
people with diabetes, payers, patient groups, health care sectors,
and geographical regions in Denmark and 7 workshops with
people with diabetes and ongoing clinically anchored partnering
with people with diabetes.

Therefore, there is a need to evaluate the multi-faceted potential
of the PRO diabetes tool to improve care quality and benefit
people with diabetes through multiple pathways. This includes
but is not limited to the active involvement of people with
diabetes in their care, the facilitation of health literacy and
health-related empowerment [41], early detection and preventive
care [42,43], dialogue and decision support, outcome
monitoring, value-based person-centered care, communication,
culture, and organization for patient-centricity and chronic
illness care coordination.

Examining the usability, acceptability, benefits, psychometric
reliability, and validity (face validity, content validity, construct
validity, and discriminatory validity), sensitivity, and
responsiveness of the tool in different care settings and patient
subgroups is required to ensure quality and optimize scaling
and planning for implementation. This involves disentangling
the complex interdependencies influencing reach, adoption,
efficacy, and institutionalization through the use of mixed
methods research [2].

The RE-AIM (Reach, Efficacy, Adoption, Implementation and
Maintenance) model has been found to be helpful in previous
diabetes research to evaluate person-centered diabetes initiatives
and digital health interventions [40,44,45]. We adapted this
model to facilitate the integration of many factors that influence
the public health potential of an intervention.

The M-PRODIA is designed to piggyback on a pilot test
program in routine care, as it is not possible to establish
attention-control groups. Instead, considering feasibility, at one
site, substudies were designed in parallel to compare PRO visits
with regular visits in relation to follow-up care and health care
use parameters and examine longitudinal changes in clinical
care and outcomes. These have been reported in separate
protocols. The M-PRODIA aims to use both quantitative and
qualitative methods to characterize the real-world experiences
of using the national Danish digital PRO diabetes tool among
a large heterogeneous population of people with diabetes in
Denmark and HCPs in different care settings.

Study Objectives
The primary objective of this study is to evaluate the feasibility
and acceptability of the PRO diabetes tool in practice and to
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explore and characterize its perceived benefits, risks, and
disadvantages in routine diabetes care as part of a national pilot
study. The study is designed for formative research purposes
[46], using both exploratory and confirmatory approaches to
inform the design of future research, such as potentially
stepped-wedge [47] and randomized controlled protocols for
the examination of public health and cost- and clinical
effectiveness [46]. Furthermore, it aims to explore the individual,
HCP, and system-level factors that may significantly influence
different aspects of reach, implementation, and effectiveness.

The M-PRODIA’s specific research objectives are fivefold, as
follows:

1. The study aims to assess and compare the perceived benefits
and disadvantages related to the use of the PRO diabetes
tool for dialogue and decision support in different care
settings in a diverse population of people with diabetes.

2. The study aims to identify barriers to and facilitators for
the optimal use of the tool from both the viewpoints of
people with diabetes and HCPs.

3. The study aims to evaluate the validity, reliability, and
clinical utility of the tool PRO Diabetes Questionnaire and
Tool.

4. The study aims to obtain data to check for errors and
optimize the PRO Diabetes Questionnaire and digital
support tools.

5. The study aims to obtain the initial experience with
estimation of RE-AIM indicators and guide future RE-AIM
evaluation studies of the PRO diabetes tool.

Methods

Study Design
The M-PRODIA is a pragmatic, single-arm, real-world, mixed
methods formative feasibility-acceptability pilot implementation
study.

Involvement of People With Diabetes in the Research
Design
A panel of 3 persons with type 2 diabetes and 2 persons with
type 1 diabetes all with experience as advocates for the
perspective of people with diabetes were involved as
collaborators in the design of this study and its study materials
through regular working meetings with the research team.
Several participants were involved in ongoing patient association
activities and contributed with personal as well as collective
insights regarding the perspective of people with diabetes on
study questions. Meetings continue to be held regularly to ensure
input to all phases of the study including study questions, study
materials and questionnaires, and interpretation and
dissemination of study results in line with seven quality criteria
for patient involvement [26].

People with diabetes and family members of people with
diabetes were systematically involved in all stages of the
collaborative development and design of the national PRO
Diabetes Questionnaire and the digital PRO diabetes tool,
DiaProfil [1]. A total of 7 quality criteria for guiding
involvement of people with diabetes were agreed upon between
the Value Based Health Care and PRO in Diabetes Project
(VBHC-PRO-DIA) research team and people with diabetes
from the beginning [26]. The involvement of people with
diabetes in the design of the PRO tool was undertaken as part
of a separate embedded research study to develop and evaluate
methods for patient involvement in clinical PRO tools design.
All people with diabetes partnering on the development of the
PRO diabetes tool completed informed consent for this research
study. Results regarding the outcomes and impacts of
involvement of people with diabetes will be analyzed and
disseminated separately [48].

Study Setting
The PRO diabetes tool was tested in three different health care
settings, as shown in Table 1.

Table 1. Characteristics of study settings.

Primary use of PROaTarget group characteristicsSettings

PRO data are mainly used in annual diabetes visits (30-60 minutes)
with a specialized the diabetes nurse. Physicians may also use it during
initial medical visits with people with diabetes (40 minutes).

Hospital outpatient diabetes
clinics

• Type 1 diabetes
• Type 2 diabetes referred due to complexity

and treatment burden

The PRO is used during initial start-up visits at municipality centers
and is potentially used during 3-month follow-up evaluation visits by

multidisciplinary HCPsb (dietitians and physiotherapists).

Municipality rehabilitation
service centers

• Type 2 diabetes referred from general
practice for lifestyle, health promotion, and
diabetes education

The PRO tool is used in regular routine and on-demand visits in pri-
mary practice settings (physician and nurse).

Primary care • Mainly type 2 diabetes treated regularly in
primary practice

aPRO: patient-reported outcome.
bHCP: health care professional.

Eligibility Criteria
Participants were eligible for this study if they were (1) adults
with type 1, 2, or other type of diabetes; (2) able to read and
understand Danish; and (3) scheduled for a diabetes visit during
the study period. Participants were excluded if they had another

severe illness that would make their participation impossible.
In one hospital, people with diabetes would also be excluded if
they had been diagnosed with diabetes less than 12 months ago.
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Description of the PRO Diabetes Intervention

Overview
The PRO Diabetes Questionnaire and its scoring algorithms for
clinical use were developed through a national participatory
design process to create a psychometrically valid tool that would
be feasible for use in routine care to increase the delivery of
person-centered diabetes care [1,26,49].

The questionnaire design was guided by participatory cocreation
processes with people with diabetes and HCPs, using qualitative

research [1] and extensive literature review to take into account
empirical research related to diabetes self-efficacy [50],
self-determination [51], empowerment [52], social ecological
and biopsychosocial care [53], behavioral and health
psychological diabetes research [43], and person-centered
diabetes care [1].

The core elements of the PRO diabetes intervention used across
care settings are shown in Figure 1.

Figure 1. Key components of the PRO diabetes intervention used in all care settings. PRO: patient-reported outcome.

Initially, people with diabetes completed the PRO Diabetes
Questionnaire at home using their smartphone, tablet, or
computer preferably 2-10 days before their scheduled diabetes
visit at a clinical care center or municipality diabetes center.
This is intended to facilitate an optimal dialogue with an
enhanced focus on the most important priorities of people with
diabetes. The questionnaire measures generic and
diabetes-specific topics that can only be reported directly by
people with diabetes. The topics were established as important
and relevant for both people with diabetes and HCPs. The HCP
actively uses the PRO results during the care visit, together with
the person with diabetes. A digital clinical PRO tool is used,
which includes a dashboard that shows all the PRO results, to
facilitate a review of issues and setting of priorities as part of a
collaborative dialogue. The HCP had the technical option to
access the PRO results of the people with diabetes through the
HCP interface of the digital PRO tool once people with diabetes
completed the questionnaire. However, upon completion of the

questionnaire, it was explained to the person with diabetes that
the results will be reviewed by the HCP just before the visit. If
the person with diabetes needed support before the visit, they
were advised to contact the HCP by phone or email.

Each PRO question answered by the people with diabetes is
scored using a predefined scoring algorithm so that the results
can be indicated in the digital PRO tool by green, yellow, or
red colors. The scoring algorithms were defined through an
iterative process involving HCPs, people with diabetes, and
researchers to optimize clinical utility and validity. A green
score indicates that there may be no problem for the responder
on that item, a yellow score indicates the presence of concerns
or issues requiring attention, and a red score indicates that there
is a likely need for action and that the HCP and person with
diabetes should address the topic. The digital PRO tool also
provides easy access to raw data or scale scores if preferred by
the people with diabetes or HCPs.
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Before the study, each participating study site identified the
most suitable way to fit the PRO tool into their existing care
visits, which resulted in minor differences in the application of
the tool while preserving the aim of delivering a common
intervention.

All study sites participated in collaborative meetings to exchange
experiences and approaches across the sites. An outline of the
generally agreed approach to recommended person-centered
use of the PRO Diabetes results is shown in Multimedia
Appendix 2.

Two different digital software systems were used to provide
the functionality defined by the PRO Diabetes Questionnaire

and its scoring algorithms, the DiaProfil PRO diabetes tool
developed by the VBHC-PRO-DIA at Aalborg University
Hospital, and the health platform, EpicCare, the working tool
of the hospitals in two of five Danish regions.

The Danish PRO Diabetes Questionnaire
The Danish PRO Diabetes Questionnaire includes 33-71 items
and covers a range of carefully selected and defined
health-related constructs.

The key content categories of the PRO Diabetes Questionnaire
are shown in Textbox 1.

Textbox 1. Overview of the main content categories of the Danish Patient-Reported Outcomes Diabetes Questionnaire (2020). Constructs, short
descriptions, and examples of content are presented.

General health and life situation

• Self-assessed general health, social support, and life stressors affecting diabetes management

Mental well-being

• Positive psychological well-being and depression symptoms

Symptom distress

• Distress related to pain, heart, gastrointestinal, sexual dysfunction, and sleep and foot problems or symptoms

Daily life with diabetes

• Fitting diabetes into daily life and diabetes-specific social support

Worries due to diabetes

• Worry about disease progression, that is, diabetes complications

Diabetes self-management confidence

• Confidence in managing diabetes (diet, physical activity, adjusting treatment, self-monitoring, and care seeking)

Blood sugar regulation

• Perceived quality of blood sugar regulation and burden due to hypoglycemia and the fluctuation of blood sugar levels

Medicine experience

• Efficacy, convenience, side effect distress, and satisfaction

Access to care

• Confidence in ability to get in contact with a health care professional if needed in relation to diabetes

Personal priorities for diabetes care

• Wish for support for specific aspects of self-management

• Priority topics to discuss at the diabetes visit

The questionnaire consists of a combination of previously
psychometrically validated items and scales, as well as newly
adapted or designed items. Adaptation or design of new items
was only done if no previously validated items were available
that fit the requirements of people with diabetes and HCPs. In
addition, a participatory and qualitative approach was used,
including literature review, desk research, and qualitative
research for each construct. It uses branch logic, so each person
with diabetes only receives directly relevant questions. The

psychometric validity, reliability of each item, and
appropriateness of the scoring algorithms and logic rules will
be examined in this study.

The Digital PRO Tool: DiaProfil
DiaProfil is a stand-alone PRO diabetes digital tool, codeveloped
with the inputs of people with diabetes and HCPs by Aalborg
University Hospital with the support of Zitelab, specifically for
augmented use of the national PRO Diabetes Questionnaire as
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a tool for person-centered care delivery across care settings. An
iterative, user-centered design process was undertaken involving
people with diabetes and a multidisciplinary HCP team at
Aalborg University Hospital to define optimal functionality and
user interfaces. Previous experiences with other
multidimensional PRO tools for diabetes were also considered
[54].

DiaProfil allows the person with diabetes to complete the PRO
questionnaire using mobile, tablet, or a PC and provides the
HCP with web-based access to a multi-layered interactive PRO
dashboard and an administrative system for reviewing and
ordering PRO assessments. A significant new functionality in
DiaProfil, resulting from the participatory design process, was
the integration of actionable information for each PRO construct
into the dashboard. The tool provided the HCP with information
about available treatment and referral options, community
services, and educational materials for each PRO construct. It
required the clinical team to undertake an extensive
desk-research exercise to map all resources and follow-up
actions for each construct beyond its own care setting.

The DiaProfil dashboard was designed to provide an intuitive
overview of the people with diabetes’ overall PRO results in
one screen to allow HCPs to achieve an overview almost
instantly, which can be useful in daily practice. Furthermore,
the tool was developed for acceptability and readability for
people with diabetes to facilitate collaborative use by people
with diabetes and HCPs together on equal terms during the visit.

A screenshot of the DiaProfil PRO dashboard is shown in
Multimedia Appendix 3.

The dashboard presenting the results is interactive and contains
multiple layers of information that are accessible with one or
two mouse clicks from the main screen. For each PRO topic
and output, key information is obtained with a single click,
including (1) dialogue tips and tools, (2) educational materials,
(3) referral options, and (4) listing of locally relevant care and

support options. For instance, if a person with diabetes likely
had depression, the HCP could click on the topic on the screen
to directly view information about local referral options and
various psychosocial support and self-help resources.

DiaProfil was used in all participating study sites, except for
one hospital that used the health platform tool.

The Danish Health Care Platform: Sundhedsplatformen
To integrate PRO data into their existing health information
technology infrastructure, one hospital,
Frederiksberg-Bispebjerg, used their existing generic IT health
platform, EPIC, to collect and display PRO data. This platform
is used by all hospitals covering 2.6 million inhabitants. In this
hospital, people with diabetes completed the PRO Diabetes
Questionnaire using the existing My Health app, which patients
in the Capital Region of Denmark use to access general health
care information. In this system, the HCP can view PRO results
on multiple data screens that combine clinical and PRO data.
Detailed methods for displaying PRO data on the clinical screen
and ensuring proper placement in the patient flow were
developed by the clinical diabetes care team together with the
health information technology provider (Center for IT, Medico
and Telephony) for optimal usability and integration into the
existing workflow.

Outcomes

Working Model for the Evaluation of the Process and
Outcome Indicators
A conceptual model to illustrate the key hypothesized
mechanisms of action, moderators, and outcomes for the PRO
diabetes intervention is shown in Figure 2. This was used to
guide the design of outcomes and data collection tools. The
working model reflects preliminary data from the formative
evaluation process of the PRO diabetes tool [1,11] and will be
continuously updated and expanded with the progress of the
study.
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Figure 2. A working model to illustrate hypothesized mechanisms, moderators, and impacts related to the use of the PRO diabetes tool. HCP: health
care professional; PRO: patient-reported outcome.

The top part of the model illustrates that completion of PRO at
home is hypothesized to impact care through mechanisms of
reflection, motivation, and engagement before the visit and
through mechanisms of active engagement of the people with
diabetes and use of person-centered and value-based care
strategies by the HCP during the visit. The use of PRO is
hypothesized to lead to different follow-up actions by the health

care team, which in turn is hypothesized to lead to different
benefits for people with diabetes and HCPs. Both patient, health
professional, and care setting factors are hypothesized to
potentially moderate the extent to which use of the intervention
impacts outcomes for people with diabetes and HCPs. Textbox
2 provides an overview of the main outcomes of this study.

Textbox 2. Overview of the main outcomes of the study.

Primary outcomes

• Perceptions of people with diabetes with regard to the following:

• Acceptability, usability, and appropriateness of the patient-reported outcome (PRO) intervention (outcome 1A)

• Impact (positive and negative) on them of using the PRO diabetes tool as part of their care (outcome 1B)

• Perceptions among health care professionals regarding:

• Usability, feasibility, fidelity and appropriateness of the PRO intervention (outcome 2A)

• Impacts (positive and negative) on diabetes care of using the PRO diabetes tool as part of routine care (outcome 2B)

Secondary outcomes

• Psychometric and clinical validity and reliability of the PRO questionnaire, scoring algorithms, and clinical dialogue support (outcome 3)

• Barriers and facilitators for the implementation and impact of PRO diabetes tool for people with diabetes, for health care professionals, and at
the health system level (outcome 4)

• Estimation of public health impact indicators of the PRO intervention according to the RE-AIM (Reach, Efficacy, Adoption, Implementation
and Maintenance) model (outcome 5)

Primary Outcomes
This study uses two primary descriptive outcomes. First, data
will be gathered on the perceptions of the usability, acceptability,

and appropriateness of the PRO diabetes tool of people with
diabetes, along with the perceived positive and negative effects
of their use of the tool. Data extracted about their disease and
care are classified by type of diabetes, age, gender, treatment
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modality, duration, disease complications, comorbidities,
treatment setting, PRO outcomes, and general rating of visit
quality (primary outcomes for people with diabetes). In addition,
data will be collected on the HCP’s perception of acceptability,
appropriateness, and perceived positive and negative effects of
the tool on care quality and experience by HCPs. Furthermore,
information on years of professional experience, years of
diabetes experience, training in use of person-centered
communication, confidence in use of PRO in visits, treatment
setting, and general rating of visit quality (primary outcome for
HCP) is also obtained.

Measures and data sources for outcomes pertaining to indicators
of feasibility and implementation [55,56] are detailed in
Multimedia Appendix 4.

Secondary Outcomes
Characterization of the validity and reliability of the PRO
questionnaire and clinical algorithms is a secondary outcome
of the study (outcome 3). This outcome is assessed in three
ways. First, the people with diabetes’ perception of relevance,
comprehensiveness, difficulty, acceptability, appropriateness,
and comprehension of the questionnaire according to the type
of diabetes, age, gender, treatment modality, duration of
diabetes, disease complications, comorbidities, and treatment
setting are measured (outcome 3A).

Next, the HCP’s evaluation of the clinical and face validity of
the PRO data; the clinical relevance and utility of the PRO
content, including the items, scoring, outputs, algorithms, and
digital dialogue; and decision support are measured (outcome
3B).

Then, the psychometric properties of the questionnaire
pertaining to the extent to which it provides valid, reliable
measurements of the selected constructs, can predict relevant

future clinical or care needs, events, and prognoses, and can
discriminate appropriately between relevant levels of symptom
severity are evaluated (outcome 3C).

We also assessed the barriers and facilitators at the people with
diabetes, HCP, clinic, and health care system levels for the
implementation and impact of the PRO diabetes tool as a
secondary outcome (outcome 4). Finally, the initial indicators
of the reach, efficacy, adoption, implementation, and
maintenance of the intervention in accordance with the RE-AIM
model will be examined (outcome 5). The measures and data
sources used to evaluate the intervention according to RE-AIM
indicators are detailed in Multimedia Appendix 5.

Participant Timeline
All sites used the same core data collection and intervention
procedure, as shown in Figures 3 and 4, with local modifications
and adaptations, for seamless integration into routine care. Each
participant was recruited approximately 14 days before their
scheduled visit. People with diabetes will receive a link or
electronic invitation to access and complete informed consent
and the PRO Diabetes Questionnaire 2-14 days before their
visit. People with diabetes will complete the PRO before their
visit, unless there are specific barriers preventing this. At their
scheduled visit, the HCPs use the IT PRO Dialogue Tool to
review the results with the people with diabetes to support their
dialogue. People with diabetes and HCPs will independently
complete the evaluation forms when they are physically
separated after the visit. Selected people with diabetes are
invited for a 30- to 45-minute semistructured interview within
0-12 days after their diabetes visit. HCPs will participate in 4-
to 5-hour multidisciplinary, structured HCP evaluation
workshops halfway through and at the end of the study as well
as complete individual end-of-study questionnaires.

Figure 3. Timeline for people with diabetes participating in the study. PRO: patient-reported outcome.
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Figure 4. Timeline for HCPs participating in the study. HCP: health care professional; PRO: patient-reported outcome.

Sample Size
As the study has descriptive purposes, formal requirements for
sample size estimation for the primary outcome were not
applied. However, for any subgroup analysis, the minimum
number of patients per group was estimated to be 64. For
continuous variables, a minimal subgroup size of 64 was
estimated to achieve 80% power for detecting an effect size of
0.5 at a significance level of P=.05 by using a two-sided,
2-sample, equal-variance t test. For proportions, minimal group
sample sizes were estimated to be 63 to achieve 80% power for
detecting an effect size of 0.5 with a significance level of .05
by using a two-sided z test in a similar manner.

The minimum target for recruitment was 125 people with type
1 diabetes and 375 people with type 2 diabetes, based on
requirements for comparatively analyzing by subgroups and
requirements for psychometric analyses.

According to the available data, group comparisons will be
undertaken using data across all centers by age groups, treatment
modality (none, tablet only, short- and long-acting insulin,
insulin pump, and glucagon-like peptide-1), blood sugar
measurement technology (finger prick, flash glucose monitoring,
and continuous glucose monitoring), diabetes complications
(neuropathy, cardiovascular disease, gastrointestinal
complications, sexual dysfunction, and sleep difficulty), and
comorbidities.

Power analyses for comparative analyses will be conducted
based on the final number of people with diabetes by site for
PRO and PRO evaluation data to determine the extent to which
outcomes can be comparatively analyzed either at the site or at
the care-setting level.

The expected number of HCPs to participate was 25-40, based
on what was reported to be feasible by the study sites. Sites
were encouraged to have several HCPs participating as a

minimum and to include HCPs with a good diversity of health
care discipline, age, diabetes experience, and profession.

To compare experiences across different health care settings,
the aim of this study was to include sites from secondary care,
municipality rehabilitation centers, and primary care. On the
basis of the resources available for the pilot study, the total
number of sites was estimated to be 7-10.

Recruitment
During the recruitment period from November 2019 to
December 2020, each site recruited people with diabetes who
met the eligibility criteria as part of their routine practice. The
sites molded the recruitment procedures based on their local
care flow and requirements for the use of PRO in routine
diabetes care visits or rehabilitation. At every site, recruitment
involves inviting eligible people with diabetes who are registered
or scheduled for a diabetes care visit to try the PRO diabetes
tool in conjunction with their upcoming visit. Only people with
diabetes who provided written informed consent for participation
in the study are included. Each site uses different methods of
communication with people with diabetes for recruitment
depending on their routine care pathways, including using the
phone, electronic (app or email), and in-person invitations.

Data Collection

Overview
The data collection and data collection tools are listed in
Textbox 3. Data for the primary outcomes are collected using
Likert scales and open-ended evaluation questionnaires that are
completed by people with diabetes and HCPs in connection
with the use of the PRO diabetes tool in routine care and by
HCPs at the end of the study. In the mixed methods analysis,
qualitative data are collected from transcribed interviews,
consultations, evaluations, and debriefing workshops completed
during the entire study period.
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Textbox 3. Data collection tools. The contents of the main data collection tools are available in the multimedia appendices.

Multicenter patient-reported outcome (PRO) diabetes study core data collection tools

• People with diabetes

• PRO Diabetes Questionnaire (Multimedia Appendix 6)

• PRO Evaluation Questionnaires (PRO-EVAL-P; Multimedia Appendix 7)

• Post-Visit PRO Evaluation Questionnaire (PRO-CON-EVAL-P-SF; Multimedia Appendix 8)

• Semistructured interview guide for people with diabetes (Multimedia Appendix 9)

• Baseline sociodemographic data sheet for people with diabetes (Multimedia Appendix 10)

• Health care professional (HCP)

• Baseline background data (HCP profile questionnaire; Multimedia Appendix 11)

• Post-Visit PRO Evaluation Questionnaire (PRO-CON-EVAL-HCP-SF) and evaluation form for algorithm evaluation (Multimedia Appendix
12)

• Semistructured guide for HCP evaluation workshops (HCP evaluation guide; Multimedia Appendix 13)

• HCP End-of-Study Evaluation (HCP end-of-study PRO evaluation form; Multimedia Appendix 1)

• Study site

• Diabetes Clinic Resources for Person-Centered Diabetes Care Survey (Multimedia Appendix 14 [57])

• Site datasheet: Organization, services, population, resources for PRO follow-up

Data Collection for Primary Outcome 1: People With
Diabetes’Perceptions of the PRO Diabetes Questionnaire
The perceptions of people with diabetes regarding the PRO
Diabetes Questionnaire are evaluated by the people with diabetes
at home immediately after completing it using a digital PRO
Evaluation Questionnaire (PRO-EVAL-P). This immediate
evaluation of the PRO Diabetes Questionnaire by the people
with diabetes assesses the perceived relevance of the
questionnaire in a realistic scenario before their routinely
scheduled visit and allows for both closed and open-ended
responses.

Data Collection for Primary Outcome 1: People With
Diabetes’ Perceptions of the Dialogue and Impact of the
PRO Diabetes Questionnaire
This outcome assesses the multi-item and single-item scores
from the people with diabetes evaluations using the Post-Visit
PRO Tool Evaluation Questionnaire after each visit where the
PRO tool was used (PRO diabetes visit). To minimize bias due
to social desirability, people with diabetes are informed that
their evaluation will be kept confidential, that their HCP will
not see their responses, and that their answers will only be used
in research after deidentification. These data provide important
new information regarding the diversity and variability of
individual experiences of people with diabetes when using the
PRO diabetes tool in the visit and allow for an analysis of
interactions among HCPs, people with diabetes, and setting
factors in relation to primary outcomes. Verbatim transcripts
of structured interviews conducted with a subset of a minimum
of 10 randomly selected people with diabetes in each care setting
after their PRO diabetes visit are coded and analyzed for mixed
methods analysis.

Data Collection for Primary Outcome 2: HCP’s
Perceptions of the Use of the PRO Diabetes Tool in
Individual Care Visits
These outcome data were obtained from the multi-item and
single-item scores for each PRO visit in the study using the
HCP evaluations on the Post-Visit PRO Tool Evaluation
Questionnaire immediately after or within a few days of the
visit. The HCPs will complete informed consent and are
informed that the collected data are only used in an anonymized
manner. In addition, the HCPs will complete evaluation
questionnaires at the end of the study, which evaluate their
overall views and attitudes regarding the use of PRO, impact
of use of PRO, and requirements for use of PRO.

Data Collection for Secondary Outcomes: Predictors,
Barriers, Facilitators, and Readiness Factors for the
Adoption, Usage, Satisfaction, and Benefits of PRO
Sociodemographic and diabetes profile data were collected for
all participating people with diabetes to analyze the
known-group and discriminative validity and reliability of the
PRO Diabetes Questionnaire together with primary study
outcomes by people with diabetes subgroups. A core set of HCP
profile data is collected for all HCPs to evaluate primary
outcomes by the relevant HCP subgroups. Two comprehensive
questionnaires are used—one adapted for use in Denmark for
this study from the Primary Care Resources for Chronic Illness
Care Questionnaire [57] (Multimedia Appendix 14) and one
study-specific questionnaire. The study-specific questionnaire
assesses details for each site about the local PRO setup and
examines the extent to which the site has resources and services
to follow-up on each PRO construct covered by the PRO
Diabetes Questionnaire. These data are used to qualitatively
analyze relationships between primary outcomes by contextual
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factors relevant to the delivery of person-centered and
psychosocial diabetes care and the RE-AIM analysis.

Likert Scale Evaluation Questionnaires of Experience
of Use of PRO in Routine Care
We did not identify any previously published PRO evaluation
questionnaires that had been specifically designed and validated
for our intended large-scale use in routine care settings. The
VBHC-PRO-DIA team therefore developed and tested a set of
purpose-built Likert Scale evaluation questionnaires in
collaboration with people with diabetes and HCPs as part of the
PRO tool’s formative evaluation [29]. A first set of long form
questionnaires was developed for a hospital-based clinical study
to evaluate the impact of the PRO diabetes tool on
person-centered communication and autonomy support using
multi-item scale scores.

For this study, HCPs from all care settings and a panel of people
with diabetes were involved to identify a core set of evaluation
questions that were appropriate and acceptable for use in all
sites and care settings, which would allow for pooled and
comparative analyses. The short-form questionnaires evaluated
experiences of people with diabetes and HCPs related to the
use of PRO data in their diabetes visit, such as the extent to
which the data were used, impact on engagement, dialogue and
person-centered care qualities of the visit, impact on
self-management and on care quality, and overall satisfaction
and interest in continued use. The questionnaires also briefly
assess the perceptions of people with diabetes and HCPs on the
general quality of the dialogue and aspects of person-centered
communication [10,58].

Data Management
Each research site is responsible for data entry, security, storage,
and data quality verification. Of the 10 study sites, 9 opted to
use a uniform web-based research data collection system that
was purpose-built for M-PRODIA data collection by Aalborg
University Hospital. The web-based data collection forms for
the M-PRODIA are integrated into the DiaProfil solution for
seamless completion by both people with diabetes and HCPs
as part of the study procedures. In the hospital study site in the
Capital Region, where a separate health platform system is used
for PRO data collection and dialogue support, evaluation forms
are provided in paper and pencil format, and manual data entry
is performed by clinical staff using formats that are comparable
with the electronic forms. Double-entry is used for the sample
cases. All paper forms and raw data will be stored for 5 years
or as required by law.

A comprehensive codebook with operational definitions,
numerical codes, and standardized formats for all variables was
established for data monitoring, quality control, coding, and
harmonization purposes. At multiple points during the study
period, sample data are collected to assess data completeness,
missing value patterns, and range checks. At the halfway point,
the HCP will participate in an interim study review meeting
where data quality is evaluated.

Data Analysis

Statistical Methods
Quantitative data (ie, closed-ended questionnaire data and
numerical data) will be coded, and all numerical data will be
prepared for descriptive analyses and main statistical analyses
using IBM SPSS Statistics for Windows (IBM Cooperation).
The SAS statistical software package (SAS Institute Inc) is used
for multilevel hierarchical regression analyses. Descriptive
statistics will be used for continuous (mean and SD) and
categorical (frequency and percentage) variables to analyze and
compare evaluation data by center and subgroups. The aim of
this study is to analyze drop-out data, including nonparticipation,
attrition, and completion rates across centers, to characterize
the generalizability of findings relating to population reach and
outreach to vulnerable populations, and to compare
implementation drivers across participating centers. Both
parametric and nonparametric statistics were used for group
comparisons based on the distribution of each data variable.

Missing value analysis, including the identification of variables
missing completely at random or not at random, will be
conducted for all variables.

PRO results are scored and analyzed as both raw and scored
data using predefined clinical scoring algorithms according to
subgroups of adequate sizes for multilevel regression and
multilevel logistic regression models [59]. Multi-item scores
will be transformed and standardized to a score range of 0-100.

For subgroup comparisons, two-tailed t tests and nonparametric
statistics, such as the Mann-Whitney U test, are used.
Multivariate mediation regression analysis will be used to
examine the relative contribution of the different participant,
treatment, and setting characteristics. Multilevel analyses will
be used as feasible and required to separate the variance by
people with diabetes, HCP, and care setting. Bonferroni and
associated methods will be used to adjust P values for multiple
comparisons. Intraclass coefficient analysis will be used to
examine the level of agreement between HCPs and people with
diabetes on the primary outcomes of the visits, which were
evaluated both by people with diabetes and HCPs.

Psychometric Analysis
Study variables will be evaluated for skewed or nonnormal
distributions using measures of dispersion (eg, means and SDs,
kurtosis, and Pearson skew coefficients). Cosmin guidelines
are used as a reference framework for the characterization of
psychometric reliability and validity [60,61]. Exploratory and
confirmatory factor analyses will be used to examine the
hypothesized multi-item scales for multi-dimensionality,
convergent validity, and discriminant validity. Internal
consistency of the multi-item scales will be examined using
accepted methods, including Cronbach α or Kuder-Richardson
reliability coefficients, as appropriate. We will use Pearson
product-moment and Spearman correlation coefficients,
depending on the nature of the data, to assess the construct
validity between PROs and hypothesized validity variables (eg,
glycemic control and use of health services). If feasible, we will
estimate the responsiveness of PRO indicators to change and
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minimal clinically important differences where follow-up PRO
data are available.

Qualitative Analysis
Qualitative data (eg, focus groups, workshops, interview
transcripts, open-ended responses from evaluation
questionnaires, notes, minutes, and video, audio, and graphic
outputs from evaluation and study activities) were entered and
coded in NVivo 12 (QSR International).

Multiple qualitative analysis methods will be used for different
purposes and, as relevant, for specific qualitative data [62-64].
Qualitative data are primarily coded and categorized using
content and semantic analysis, and where appropriate, using
mixed inductive-deductive analysis rooted in a
phenomenological approach [65] with the involvement of
multiple coders.

A code book using the taxonomy of the PRO questionnaire
content (ie, items and constructs) is used across data from all
informants to examine the validity, utility, and perceived
benefits and enable multi-informant triangulation analysis for
each individual PRO construct and item.

Qualitative data pertaining to implementation from HCP
evaluation workshops and center evaluations will be analyzed
with guidance from the RE-AIM framework [64].

In this way, data can be combined to evaluate indicators of the
PRO questionnaire relevance, acceptability, difficulty,
comprehensiveness, comprehension, clinical utility, validity,
scoring validity, self-insight, utility, emotional impact, and
emergent insights. To the extent feasible, coding will also cover
indicators of fidelity, feasibility, appropriateness, care quality
impact, engagement, benefits, disadvantages, barriers and
facilitators, attitudes, sustainability, and emergent insights.

Mixed Methods Analysis
We aim to combine qualitative and quantitative data from
different informants (ie, people with diabetes, HCPs, and
centers) using convergent and parallel mixed methods research
designs to provide increased robustness and depth of analyses
[66]. An explanatory mixed methods analysis approach is
completed using the coding of transcribed interviews of people
with diabetes. Where feasible and appropriate, the frequency
of codes will be used to supplement and corroborate the
quantitative analyses of primary outcomes and to characterize
any differences across subgroups [67,68].

Data Monitoring
Each participating site collects and is responsible for its own
data and the delivery of these data to the centralized
VBS-PRO-DIA research group at the Department of
Endocrinology at Aalborg University Hospital, Aalborg,
Denmark, in accordance with specified requirements for the
anonymization of data, use of study-specific IDs, and secure
data transfers. Furthermore, each site was responsible for
ensuring that informed consent was obtained and validated for
all participants. All primary analyses were single-arm and
noncomparative. Data from each participating site were traceable
in the analyses. A data monitoring committee was not deemed

necessary because of the accessibility of the data and the nature
of the study as a real-world pilot study evaluation.

Interim Analyses and Stopping Guidelines
We conducted an interim analysis at the halfway point of the
study in 2020 to assess the recruitment status and analyze a
sample of interim results to consider potential early termination
of the study. The study is considered to carry minimal risk for
the participants, as the PRO Diabetes Questionnaire had been
developed with and evaluated by people with diabetes in
advance.

Evaluation questionnaires used from the beginning of the study
period after each diabetes visit included specific prompting
questions for the people with diabetes to determine if there were
any unpleasant experiences or problems related to using the
PRO Diabetes Questionnaire. Specifically, we wanted to
understand if, due to patient characteristics or treatment context,
certain questions, such as those relating to sexual dysfunction,
loneliness, or psychological well-being, would be experienced
by some people with diabetes as unpleasant. Alongside the
ongoing communication with HCPs involved in the use of PRO,
these questionnaires ensure ongoing continuous monitoring for
potential negative effects of the intervention. Interviews were
conducted with approximately 5 people with diabetes from each
site halfway to obtain qualitative insights regarding any positive
and negative experiences associated with the study at each site.

Auditing and Independent Data Verification
The Danish National Health Data Authorities independently
reviewed the transcripts of the evaluation interviews with people
with diabetes, verbatim evaluation of the open-ended responses
from the HCPs and people with diabetes following each visit,
and the transcripts of the HCP evaluation workshops for vetting
and auditing analysis.

Ethics and Dissemination

Research Ethics Approval
The M-PRODIA has been approved by the regional research
approval authority and evaluated by the authority not to be in
the scope of the scientific ethics committee evaluation as the
study does not involve the collection of human biological
materials and does not involve medical intervention.

Protocol Amendments
This is a pragmatic and formative real-world pilot study, so
insights and data obtained during the study period may be used
to adjust and optimize the study protocol.

Informed Consent
Each study site is responsible for obtaining informed consent
from all people with diabetes and HCPs participating in the
study. Consent forms are locally adjusted if necessary, in
accordance with the specific data that are collected from each
site. A duly signed and complete informed consent form is a
prerequisite for transferring anonymized data to the M-PRODIA
research team.
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Confidentiality
Anonymized, deidentified data using study IDs for people with
diabetes, HCPs, and evaluated visits are sent from each site
using secure data transmission to the M-PRODIA research team
at Aalborg University Hospital. Data are stored and processed
using data protection procedures in accordance with the
requirements of the Danish Data Protection Agency and the
region of northern Denmark.

Dissemination Policy
Results will be disseminated to guide implementation of the
PRO diabetes tool in the national health system in collaboration
with the Danish National Health Data Authority and health care
stakeholders. Vancouver guiding rules for authorships will be
used for scientific publications [69]. Interim findings will be
shared with the Danish Health Data Authority in support of the
public health objectives of the national pilot study.

Results

A total of 7 study sites, 598 people with diabetes, and 34 HCPs
completed the study by April 1, 2021. Data cleaning and
management are ongoing. Primary results based on primary
outcomes are expected to be disseminated by the end of 2021.

Discussion

Study Implications
This is the first large-scale study to evaluate the use of the
national PRO diabetes tool in routine care across different health
care settings using psychometrically tested PRO evaluation
questionnaires for both people with diabetes and HCPs.

This study is expected to provide important new information
about perceived acceptability, relevance, and benefits of the
PRO diabetes tool in a large representative and heterogeneous
population of adults with type 1 and 2 diabetes in Denmark and
in a diverse group of HCPs representing multiple professions
and different health care settings.

Although a great deal of research has focused on evaluating the
psychometric characteristics of PRO diabetes questionnaires
[70-72], we found very limited research examining how people
with diabetes perceive the relevance and personal value of a
comprehensive digital PRO questionnaire in the context of their
routine diabetes care.

We believe this study generates important new insights into the
experiences of using PRO in diabetes care, which can contribute
to the identification of strategies for improvement of the
questionnaire, its use, and implementation and provide general
insights to guide future digital PRO interventions.

This study is the result of a long-standing national
multidisciplinary and patient-centric collaboration to design
and evaluate a nationally agreed PRO diabetes tool. It is hoped
that the implementation of a shared national PRO diabetes tool,

created with the involvement of all health sectors, can help
facilitate a coordinated, continuous person-centered care
experience for people with diabetes in Denmark over time.
However, this study reflects that we are only at the beginning
of a long learning curve. Long-term implementation, health and
cost-effectiveness research, and collaborative quality assurance
efforts are warranted to optimize and evaluate the long-term
impact of implementation across the health system and
communities. The introduction of this PRO tool on a larger
scale may strengthen the role and influence of people with
diabetes and family members of people with diabetes in the
health care system in multiple ways, which may change how
people with diabetes and family members of people with
diabetes communicate about diabetes, how HCPs communicate
within and across teams about person-centered care, and how
health care sectors and communities communicate and
coordinate about the provision of person-centered diabetes care.

Methodological Considerations
The main strengths of this study are that it combines qualitative
and quantitative data to provide detailed insights into the
perspective of people with diabetes on the real-world use of
PRO and provides a wide range of insights regarding the many
factors likely to influence the public health impact potential of
the PRO diabetes tool in Denmark.

This pilot study has important limitations. One limitation is the
lack of a randomized control group and the other is that the
main outcomes are mainly process-orientated and rely solely
on self-reported data, which may be subject to bias related to
social desirability and recall issues.

The study is not designed to quantify the magnitude of clinical,
health, and empowerment-related benefits that may be achieved
by using the PRO intervention. The study also does not compare
reach and effectiveness performance of different PRO tools,
which will be important to determine mechanisms of action.
These are important research questions that must be addressed
in parallel and planned research. Separate clinical studies by
the VBHC-PRO-DIA team are underway to address these issues
separately and to examine the impacts of PRO use over time
on clinical and health care use indicators and health cost drivers.

Study Status
The main fieldwork and recruitment of people with diabetes
and HCPs for the M-PRODIA was completed in January 2021;
however, due to the challenges and restrictions imposed by
COVID-19, some study sites have encountered delays in data
collection. Therefore, the closure of the database was expected
by April 2021.

Conclusions
A detailed study protocol and newly developed psychometrically
designed data collection tools are developed and implemented
in 2020 to collect detailed data on how people with diabetes
and HCPs experience the use of a newly designed digital PRO
tool in routine diabetes care across different care settings.
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Abstract

Background: Previous studies have identified the internet as a major source of health information. Reliable and accessible
sources of web-based health information are critical for cultivating patient-centered care. However, the accessibility and use of
web-based health information remains largely unknown for deaf individuals. We used gaze-tracking technology to understand
the navigation and use of web-based health information by deaf adults who communicate with sign language and by hearing
adults.

Objective: This paper discusses our protocol for implementing gaze-tracking technology in a study that included both deaf and
hearing participants. We report the preliminary results and lessons learned from the implementation of the protocol.

Methods: We conducted gaze-tracking sessions with 450 deaf signers and 450 hearing participants as a part of a larger, multisite
mixed methods research study. Then, we conducted qualitative elicitation interviews with a subsample of 21 deaf and 13 hearing
participants, who engaged in a search task and reviewed their gaze recordings. To our knowledge, no study has implemented a
similar research protocol to better understand the experiences of deaf adults. As such, we also examined research staff notes and
observations from team meetings regarding the conduct of gaze-tracking data to delineate lessons learned and best practices for
research protocols in this area.

Results: Findings from the implementation of this study protocol highlight the use of gaze technology with deaf participants.
We developed additional protocol steps to minimize gaze disruption from either lipreading or communicating in sign language.
For example, research assistants were often unable to maintain eye contact with participants while signing because of the need
to simultaneously point at the computer monitor to provide instructions related to gaze study components, such as the calibration
process. In addition to developing ways to effectively provide instructions in American Sign Language, a practice exercise was
included in the gaze tracker session to familiarize participants with the computer and technology. The use of the playback feature
permitted a deeper dialogue between researchers and participants, which we found vital for understanding the experiences of deaf
participants.

Conclusions: On the basis of our experience using the study protocol through a large research project, incorporating gaze-tracking
technology offers beneficial avenues for better understanding how individuals interact with health information. Gaze tracking
can determine the type and placement of visual content that attracts attention from the viewers of diverse backgrounds, including
deaf individuals. The lessons learned through this study will help future researchers in determining ideal study designs, such as
suitable protocols and participant characteristics (eg, deaf signers), while including gaze trackers in their projects. This approach
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explored how different ways of presenting health information can affect or enable visual learners to engage and use health
information effectively.

International Registered Report Identifier (IRRID): RR1-10.2196/26708

(JMIR Res Protoc 2021;10(9):e26708)   doi:10.2196/26708

KEYWORDS

gaze tracking; deaf; disabilities; accessibility; online health information; health information seeking; mobile phone

Introduction

Background
Between 40% and 60% of adults in the United States report
regularly engaging in an internet search for information about
a health topic [1,2]. Recent data from Google Health suggest
that 7% of daily searches on the engine are for health topics [3].
The internet remains the most accessed source of health
information, beyond health care professionals, traditional media,
friends, and family [1]. This is to be expected, as changes within
the health care system, including patient-centered care, require
that individuals become more actively involved in their own
health, including pursuing and managing information [4,5].
Adults are expected to take charge of their health decisions.
Similarly, the development of health information technology
(HIT), such as electronic health care records, patient portals,
health apps for smartphones, and wearable technology, adds to
the ways adults can directly monitor their health and participate
as engaged communicators and consumers of health care.

Although these advancements can improve health outcomes for
some, research suggests that they exacerbate health disparities
for many, including those with disabilities [6-11]. The
COVID-19 pandemic again exposed these inequities as it
“ushered in a new era of telehealth” [11]. This has resulted in
an increased need for medical visits provided through virtual
options [11,12] and the dissemination of information through
web-based sources [13]. During the rapidly evolving health
crisis, those with disabilities were left behind, with critical health
information often not made available in other languages or
access options [14,15]. For example, the White House did not
include American Sign Language (ASL) interpreters at their
COVID-19 press briefings [14]. Telehealth options remained
mostly inaccessible to those with disabilities or without reliable
internet access [11]. Hence, a health infodemic was born, in
which health information available on the internet often
contained incorrect or outdated recommendations [13,16]. These
injustices are likely to persist without more research and
consideration of how web-based health information and HIT
are developed [11].

Goldberg et al [17] argue, “missing from the national efforts
toward pervasive ability for HIT for adults, families, doctors,
and health care facilities is a programmatic and policy-based
effort to ensure that people with disabilities (PWD) are able to
participate equally in all the opportunities that new Health 2.0
networks and tools have to offer...”. Indeed, health information
websites have historically been found to be inconsistent in the
extent to which accessibility requirements were met, which
affects who can use this content and how they use it [18].

Unfortunately, this is a vicious cycle as a majority of the existing
research on web-based health information seeking has been
conducted with adults without disabilities, which severely limits
the understanding of how people with disabilities access this
content and opportunities for improvement. More work is needed
to understand people with disabilities’ access to and experience
with web-based information.

Deaf Adults and Health Information on the Web
The national estimates suggest that nearly one million
Americans are deaf signers [19]. The internet is a primary source
of health information for this audience and played an important
role for deaf adults during the pandemic [20]. Greater attention
in improving the accessibility and user experience of health
information on the internet is especially imperative for deaf
adults, for whom there is relatively little available research
[6,21]. Specific calls have been made to software developers
and designers to improve the accessibility of web-based health
information and technologies [11]. Deaf individuals encounter
significant communication barriers, resulting in lower
patient-provider satisfaction, adherence, inappropriate health
care utilization, and decreased engagement in health-related
decision-making [21,22]. As a result, deaf individuals are almost
seven times more likely to have less than adequate health
literacy. To help with the low availability of health knowledge
(defined as limitation in one’s factual knowledge base as
compared with the general population) due to inaccessible
information and loss of incidental learning opportunities [23],
deaf adults must then turn to community peer exchanges, print
media, family and friends, and the internet to obtain health
information [24].

One study demonstrated that 79% of deaf individuals use the
internet daily and are almost three times more likely to search
the internet for health information than their hearing peers [25].
However, deaf adults may find navigating the internet to be a
challenging task [26]. Some deaf individuals display competency
in navigating visual targets but struggle with categorical
decision-making (often based on semantics rather than visual
cues) to make a more refined search, such as navigating through
a series of pages to reach information that exists deep within a
website [27]. Most web-based health information requires more
categorical decision-making because of the level of semantics
and textual-based graphics.

Although it is known that deaf adults access the internet at
higher rates to retrieve health information and guidance [25],
the navigation, barriers, and specifics of these searches are
underresearched. Exploring these actions can shed light on the
objective ways this community engages in web-based health
information seeking. Karras and Rintamaki [6] describe the
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potential for the internet to serve as a “double-edged sword in
that it provides boons and challenges for deaf people.” It is
important to devote greater research attention on how deaf adults
access and use health information on the internet [6], including
the steps taken, assessments of content credibility, and
accessibility of this information for various audiences. Specific
consideration should be devoted to deaf adults so that health
disparities among these populations can be reduced.

Objectives
The purpose of this paper is to introduce a research
methodology, the use of gaze tracking and visualization, to gain
new insights into this specific population. Gaze-tracking
technology affords numerous research opportunities and can be
implemented with participants of all ages and many different
backgrounds but has not been widely implemented in people
with different types of disabilities. For health communication
researchers, gaze-tracking data can contribute to naturalistic,
objective findings about information seeking and engagement
that cannot be assessed in other ways. Although there are
numerous benefits to this useful tool, there are a number of best
practices and recommendations that researchers should consider
before choosing to embark on this endeavor. We outline the
preliminary results observed while implementing this protocol
in the context of a larger study.

Researchers interested in the extent and ways in which deaf
adults engage with health information can benefit from studying
these adults’ eye behaviors. A great deal of health information
is visual in nature. This includes pamphlets, web-based content,
videos, infographics, recommendations and guidelines, health
procedure prep instructions, handwritten notes, drawings,
graphs, and countless other forms. The exploration of how deaf
adults direct their visual attention is essential for the work of
health communication scholars, as it can help us understand
what draws adults to specific information and thus guide best
practices for designing health content that is engaging and
accessible for adults of different backgrounds. In addition,
design quality and visual design assessments have been shown
to affect the perceived credibility of health content as well as
influence attitudes and comprehension [28,29].

In the remainder of this paper, we provide an overview of
gaze-tracking technology and how we implemented this protocol
in a large-scale, multisite mixed methods research study
involving both deaf and hearing participants. The goal of the
gaze-tracking component was to better understand deaf
participants’ search and information scanning behaviors in
response to examples of internet health information websites.
Finally, recommendations for using this methodology are
outlined, based on the preliminary results.

Methods

Overview of Gaze Tracking
Humans are not physically equipped to attend to all possible
visual stimuli; thus, we engage in selective attention to conserve
cognitive resources. When adults perform searches, scan, read,
or extract details about health topics, they are engaged in
selective visual attention—deciding where to spend time looking

and processing information. Studying eye movements and visual
attention sheds light on the “what” and “where” conditions
under which stimuli gain attention [30]. Humans move objects
of interest into a visible field so that they may examine them
further. This results in a gaze path that reflects different points
of visual attention exhibited by a viewer [30].

A gaze-tracking system is a type of technology that measures
a participant’s eye movements in response to a visual stimulus.
As a methodology, gaze tracking offers quantitative data
regarding how long a participant spends looking at a given
stimulus as well as the specific aspects that gain the most
attention. Previous reports suggest that pairing patient-reported
survey data with gaze tracking and qualitative responses, or
“methodological triangulation,” can offer deeper interpretations
of this behavior [31].

Gaze tracking is one of only a limited set of objective
assessments that capture attention in a naturalistic setting and
is perhaps the leader in affordability, practicality of use, and
the ease of data interpretation [31,32]. Visual attention can also
be captured using brain imaging techniques such as functional
magnetic resonance imaging [33,34], but this methodology
warrants steeper learning curves and higher costs for the user.

Gaze tracking is a true-to-life research methodology that can
capture the eye movements and patterns in everyday life with
minimal intrusion. Understanding real-time, naturalistic
searching and reading is essential for building content for
adults—this starts with understanding what they are already
doing, rather than guessing and building ineffective
interventions.

Study Design and Participants
A large, multisite, explanatory sequential mixed methods study
was conducted with deaf and hearing participants at three
locations [26]. The participants self-identified their hearing
status and the languages they use. All study materials were
provided to deaf participants in ASL. As such, we recruited
only deaf signers.

The overall study aimed to address the factors influencing health
literacy in each of these two groups. The goal of the
gaze-tracking component of the study was to assess and
understand participants’ search and information scanning
behaviors in response to examples of health information
websites. Given the limited research in this area, we aimed to
outline these factors using quantitative gaze tracking and survey
assessments in the first phase of the study and then explore them
in greater depth using qualitative methods in the second phase
of the study. Thus, the mixed methods design allowed us to
examine not just what participants looked at on the internet and
the factors that influenced this search (phase 1) but also how
they found this information and why they pursued specific
content (phase 2). This was designed based on previous work
by a mixed methodologist on the team [35-38] and was an
appropriate fit for the goals of the project. Through this National
Institutes of Health–funded grant, we were able to explore the
capabilities and limitations of gaze-tracking research in the
context of how deaf and hearing adults find, use, and understand
health information on the internet.
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In the first phase of the study, a series of quantitative
cross-sectional survey items and tasks were implemented among
450 deaf and 450 hearing participants to identify the predictors
and moderators of health literacy between these groups. We
integrated a gaze-tracking component into this phase of a larger
study. In this experimental aspect of the study, participants
viewed the US Centers for Disease Control and Prevention
(CDC) webpages of four health conditions and answered
questions about the page. The development of these stimuli and
procedures are described in greater detail in the Developing
Study Stimuli section. Participants viewed the CDC webpages
on a laptop to simulate what they might do if they were looking
for health information on the internet in their everyday lives.

Through this first phase of the study, we assessed the predictors
for adequate health literacy and the ability to use web-based
health information and found several key variables, such as age,
race and ethnicity, language fluency, and reading literacy. A
diverse set of participants with these backgrounds stratified by
health literacy adequacy were invited back for the second phase,
which incorporated a task performance and an elicitation
interview.

In the second phase, this sample of participants, selected using
the quantitative data obtained in the first phase, was asked to
perform a search task and review their gaze-tracking results
through the technology’s playback feature and engage in
elicitation interviews in response to these results. This qualitative
component was guided by previous research and study design
that implemented video elicitation interviews [36,37]. This
second phase provided greater clarity on how and why deaf
individuals access and understand web-based health information,
as it explored both the “complex cognitive or decision-making
processes and participants’ reactions to or assessments of their
own actions” while accessing web-based health information
[36].

Equipment Used
We implemented the Tobii Pro X3 system for this project. This
gaze-tracking system is easy to use and highly mobile given its
small size (approximately 7 inches in length). The multisite
nature of this project enabled the research team to store, pack,
and move the system with ease. To set up the system for data
collection, the bar-shaped tracker was clipped to a computer
monitor using a strong magnet. As such, the tracker could be
easily reattached to other screens and computers with the

addition of a magnet to each new screen. The X3 is designed
to capture gaze data on laptop and computer monitor screens
[39]. We selected the 120 Hz version as we were interested in
examining participants’ scanning of several visual areas of
interest (AOIs) and the nuanced attention on specific words on
the screen. This model has since been discontinued by Tobii,
but a similar model, the Tobii Pro Fusion, is comparable.

Developing Study Stimuli
The Tobii X3 system can accommodate many forms of media,
including real-time website browsing, static images (such as
nutrition or medicine labels, consent forms, decision aids, and
messages), videos, surveys, and other components. We
implemented a web element and questionnaire elements for this
study. Furthermore, we created multiple sessions or conditions
through which participants viewed content for comparison.

One aim of the study was to explore the types of content on a
health website that would gain attention from deaf and hearing
participants from varied personal backgrounds. We found that
using a live webpage (directly linked to a CDC webpage) would
not suffice, as content could be changed or updated by the page
owner on the site at any time. If the page owners changed the
content during the span of data collection, this would introduce
unwanted variability in our visual stimuli. Furthermore, using
live content on the internet would lend authenticity and
generalizability to the study; however, it would not allow us to
manipulate the conditions. We included four health conditions,
selected through pilot testing. Two were commonly known
topics (asthma and sinusitis) and two were lesser known
(Sjogren syndrome and staphylococcal food poisoning). We
were also interested in how deaf and hearing adults would peruse
and evaluate visual content. Each health condition also featured
a version of the page with and without pictures (Figure 1).

We created static website images or screenshots for use within
the study. We created PDF pages that mimicked the real content
seen on the CDC website but were still able to manipulate the
content as needed. Following this, we created links to each page
on our lab server. Creating these links, and having the images
available on the internet, allowed the use of the web element
within the Tobii Studio software, which recorded the
participant’s gaze pattern as they scrolled down a page, just as
they would with a live website. Participants viewed the page
content and answered questions based on what they read.
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Figure 1. Sample stimuli from left to right: (1) actual Centers for Disease Control and Prevention webpage, (2) experimental study stimuli with pictures,
(3) experimental study stimuli without pictures.

Measures
To capture attention, gaze trackers record a participant’s eye
movements using built-in sensors and cameras. In many models,
near-infrared light is projected from the gaze tracker onto a
participant’s pupils [40]. The length of time a participant spends
on a given stimulus (a variable referred to as fixation duration,
reflected in seconds), the number of times a participant returns
to the stimulus (fixation count, reflected in counts or hits), and
the gaze path a participant performs while scanning the visual

information are calculated in response to the ways in which the
near-infrared light reflects off the pupil. These three variables
(fixation duration, fixation count, and eye gaze paths) are
common measures exported from a gaze-tracking system and
were used in this study to reflect attention given to the various
areas of the webpage. The first two variables capture the
quantitative assessments of visual attention, whereas the gaze
paths are presented in high-quality visualization images, such
as heat maps and gaze diagrams (Figure 2), which allow for
other forms of data analysis.
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Figure 2. Examples of heat maps and gaze diagrams collected in this study: (a) Example heat map: group of low health literacy hearing participants
(left), group of low health literacy deaf participants (right)—the gradient of colors (green to red) indicate the density of visual attention (low to high,
respectively); (b) Example gaze plot of asthma survey component.

Moreover, we used the Tobii AOI tool to create visual areas
by drawing boxes or shapes around specific visual content of
focus (Figure 3). In our study, we were interested in how much
visual attention was garnered by pictures included on a given
website page. Using the AOI tool, we drew a box around the

picture to create a visual area. The Tobii Studio software
provides the aforementioned information (eg, fixation duration)
for the AOI, in this case, a picture. AOIs can be created for any
visual element on a page, such as headlines, click buttons,
captions, and infographics.
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Figure 3. Example Area of Interest tool.

For the qualitative elicitation interviews in phase 2 of the study,
we implemented the playback video tool to review and discuss
gaze-tracking recordings with the participant (Figure 4). After
a gaze-tracking session, Tobii provides an opportunity to
immediately view a recording of the participants’ gaze as they
scan various stimuli. After completing the first phase of the

study, we invited several participants back to peruse additional
health information in a separate free search task (in which the
participant was provided with a vignette and asked to find
information on their own about the health topic, using any
web-based searching methods and terms) and discuss how they
made decisions to search and look at specific information.

Figure 4. Example video replay. The participant searches for information about deep vein thrombosis.
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Recruitment and Screening
The recruitment and screening guidelines were essential
components of this study. Importantly, we asked participants
about their vision. During recruitment, we asked if participants
had any visual impairments. If so, they were then asked whether
they were able to see a computer screen easily. Participants
indicated whether they wore eyeglasses, contacts, no glasses,
had vision limitations, or were color blind. To avoid data
collection or scheduling issues when participants forgot to bring
their glasses, our research team was also equipped with a tray
providing multiple reading glasses ranging from a +1.25 to +2.0
power in +0.25 power increments. Tobii [41] advises that
glasses-wearing participants clean their eyewear before the
study. As a result, glass cleaners and cloths were offered during
the study session.

Session Setup

Overview
In phase 1, the gaze-tracking component of this project was
included in a battery of other tests included in the larger study.
When it was their turn to complete the gaze-tracking task, the
participant was asked to sit down in front of the laptop.
Specifically, we selected a chair for participants that does not
swivel and was both easy and comfortable to sit in, as
participants may fidget or move in the chair, which can disrupt
the collection of gaze data. The research assistant then
performed the following phases.

Calibration
First, a research assistant performed a brief calibration process
using the gaze-tracking software. Achieving an accurate
calibration is important for data analysis, as this process will
connect a participant’s gaze path with the corresponding content
appearing on the screen. The calibration process involved
watching a dot scan across the screen to different corners of the
computer screen. Following this, the participant observed the
visual stimuli on the screen as they would normally. As many
of the participants had not participated in a gaze-tracking study
before, it was essential that detailed explanations and
instructions were given before beginning a session.

Research assistants provided instructions and explanations for
what to expect regarding the calibration process. Researchers
explained the importance of sitting in one spot for the study and
remaining on the angle of the monitor (to the best of their
ability) due to the tracking devices needed to retrieve the data.
In addition, assistants discussed resisting the urge to break visual
connections with the computer monitor, as this could lose the
gaze data.

Acquainting Participants With Gaze Tracking
During our pilot phase, we found that the calibration and initial
steps in the gaze-tracking session were cumbersome for deaf
participants because they had to look back and forth between
the monitor and the research assistant to receive instructions in
ASL. We were concerned that participants would still be getting
a feel for the study and its procedures well into the first health
topic test session. As such, we added a practice health topic that
mirrored the format of the other topics, but it was not used for

data collection purposes. In this case, we used a screenshot of
the CDC’s website about influenza (flu). In this practice session,
participants read questions, viewed the page, and answered
questions. This practice session helped put participants’ minds
at ease as they got a feel of the study procedures. Participants
could ask questions if anything was unclear. The intention of
this test was to get participants who liked to make eye contact
or lacked computer skills to become well oriented with the
gaze-tracking session. We also explained how gaze trackers
work and asked them to focus on the computer screen until their
task was completed. This helped in reducing the proportion of
gaze tracker failures due to breaks in gazes.

Once participants completed the practice session and felt
comfortable with the gaze tracker, we asked them to proceed
with the four CDC health condition webpages. Participants were
randomized to view these four conditions with or without
relevant pictures or graphics included alongside the text. Each
participant saw one of four versions of the study, each of which
presented the health topics in a different order. Participants were
asked questions about each of the illnesses, then viewed a
website screenshot of the corresponding CDC page, and
subsequently asked to again answer the questions they saw
before viewing the web content.

Qualitative Elicitation Interviews
To gain a more in-depth understanding of the typical search and
navigational abilities of our participants, a subsample of deaf
and hearing participants with different levels of health literacy
and other quantitative variables observed in phase 1 were invited
back to participate in a second gaze-tracking session. Four brief
clinical vignettes (ie, pneumonia, deep vein thrombosis,
migraines, and appendicitis) with multiple-choice answers were
provided to all participants as a way to prompt web-based
searches. These vignette topics were selected through pilot
testing and were chosen to avoid recall bias. The recording of
the participants’web-based activities was then reviewed together
with the research assistant and used as a part of an elicitation
interview to elucidate how and why deaf and hearing individuals
access and understand different types of health information.
The captured data from the gaze tracker allowed the interviewer
to ask more detailed questions on how and why such an action
was chosen and the participant’s thought process related to the
web-based information. Similar to what was done in phase one,
an influenza topic was used as a practice exercise to help
participants become familiarized with the gaze tracker.

Results

Overview
Gaze-tracking technology provides an objective assessment of
the visual content that draws attention from viewers of diverse
backgrounds. We found that this type of data collection is
especially useful while determining the barriers and challenges
deaf adults have with health information on the internet and
how it is presented. The gaze tracker recordings and their ability
to play back or tag certain time points are useful for conducting
elicitation or cognitive interviews or usability testing. It is
important to note that we observed a learning curve while using
this technology with deaf participants, namely, the importance
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of explaining to participants what they could expect during the
session and what they were being asked to do. We also learned
about the limitations gaze-tracking systems and projects have
with large numbers of participants, including large file sizes.
We will now describe preliminary findings related to our
research protocol.

Recruitment and Screening
Overall, we had high rates of participants who wore glasses.
Having this information before the start of the study—and
reminding participants that they will be reading information on
a computer screen—is an important point for those who may
use reading glasses. This will also help researchers understand
what to expect before the participant arrives for the session. The
Tobii gaze-tracking system has a “unique tolerance for eyewear”
as compared with other systems and thus may be more
conducive for use among participants with vision-related
disabilities. Tobii [41] advises that glasses-wearing participants
clean their eyewear before the study. Despite this, our research
teams had difficulty in attaining successful calibration and
gaze-tracking sessions with some glasses-wearing participants,
particularly those who wore bifocals or progressives. For those
with difficult calibration sessions due to their bifocal or
progressive glasses, we encouraged participants to choose from
our reading glasses of varying strengths to minimize this issue.

On the basis of our experience with this project, we would also
include additional screening questions in future gaze-tracking
projects, such as whether the participant can use a mouse with
the computer and conduct a visual acuity and field screen to
measure their visual abilities.

Session Setup

Calibration
This was difficult for deaf participants who were simultaneously
watching the research assistant explain the process using ASL.
The research assistant would, at times, need to break eye contact
with the participant. This was difficult to manage, as the research
assistants would ideally be able to maintain eye contact with
participants to facilitate the provision of instruction. While
working with deaf participants, the researchers would point at
the calibration dot and provide time for the participant to see
where they were pointing and then pause for them to look at
the signer. Through our experience with calibration, it would
also be helpful to change the calibration dot to another color
(eg, blue or purple), which is typically red by default and not
easily detected, especially by those who have red-green
colorblindness. This is a possibility in the Tobii Studio software
program by navigating to Calibration tab under Global Settings.
Finally, through our experience, it can be difficult to obtain
gaze data with participants who do not read content straight on
but prefer to read at an angle.

It is also important to note that the research team experienced
some challenges regarding the distance from the participants’
eyes to the gaze tracker. There were instances in which
researchers struggled with the seating angle of the participant
to ensure that the visual distance was appropriate before testing.
This was especially common among participants who were
exceptionally short or tall. It can be helpful to have a practice

text document open on the desktop of the computer to give
participants an example of the text size included in the study
materials. The participant may want to wear reading glasses or
adjust how close they are to the screen. These adjustments
should be made before starting the study session.

Session Duration and Complexity
Our project asked participants to complete a heavy amount of
reading if they chose to read the entirety of the articles
presented, which could be tiring for participants. For example,
the page on asthma contained 725 words. In the case of our
study, we wanted the gaze-tracking content to mimic a true,
live webpage and thus chose to mirror our content, including
its length, to that provided by the CDC. Likewise, the time of
day can potentially play a role in the willingness or capability
of a participant to engage with more content. Controlling for
the time of day in which study sessions are scheduled (or
counterbalancing through random assignment) can contribute
to more accurate reflections of attention devoted to the study
content.

During the qualitative elicitation interviews, upon completion
of the clinical vignettes, participants were encouraged to take
a short break of approximately 15 minutes. This break period
allowed the research assistant to review the Tobii recording of
the activity and video tag key times to use as prompts for the
elicitation interviews. This step complemented the assistant’s
field observation notes in preparation for the 1:1 elicitation
interview with the participant. When the participant returned
from the short break, the assistant and participant reviewed their
Tobii recording together. The recording would then be used to
learn about the participant’s thought processes during search
queries, viewing patterns, and selection of websites.

However, because of participants’ need for periodic breaks in
gaze connections to read the clinical vignette-based questions,
several options were explored to minimize this. Once the Tobii
project is started, it does not allow for switching back and forth
to different media displays (eg, Internet Explorer to Word
document listing the questions). This forced us to print out the
questions. Clipping them up next to the computer versus laying
in front of the computer did not appear to make much difference
in terms of visual breaks and loss of gaze tracking. Our piloting
phase revealed that short intermittent visual breaks are
permissible with Tobii gaze trackers as long as the breaks are
not lengthy. However, actual testing, especially among those
with lower literacy levels, required longer visual breaks than
expected. These visual breaks would accumulate over a period
of 10-15 minutes and often would eventually result in a loss of
gaze-tracking abilities for the remainder of the test. For those
with a loss of gaze tracking, other elements were captured. The
data included the video footage of the subject (including eye
movements and facial expression), websites visited, duration
of page visited, number of clicks, and cursor activity. The use
of clinical vignettes to encourage typical web-based searches
resulted in rich data points that included participants’ query
formulations, navigation patterns, cursor activity, total search
times, and number and nature of websites accessed, which can
help explain the different abilities of deaf and hearing
participants.
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Data Storage
Another unique aspect of this study was the use of multiple data
collection sites, which has not been well described in previous
research. We learned many lessons about using gaze-tracking
systems across multiple data collection sites. Using multiple
systems on the same project can offer tremendous benefits in
terms of generalizability, but this practice also comes with
considerable challenges. While creating a project, the data and
sessions will be stored and can be analyzed locally, only on the
laptop or computer using the Tobii Studio software. Although
a session can be created on this machine and transferred to
another one, it is not possible to merge these files unless one
large project is created at the outset (rather than two identical
but unlinked projects on separate machines). This created
limitations for our study. We advise researchers working in this
area to create one large project on a master computer and then
share with computers at other data collection sites, rather than
creating a new project on each of the individual computers. This
will streamline the ability to compile data from each site.

Although an inherent benefit of gaze-tracking investigations is
the real-time, second-by-second data collection, this makes for
sizable individual data files. Specifically, the gaze-tracking files
attained in this study ranged from 14.9 MB to 68.6 MB, with
an average file size of 40.0 MB. For the elicitation interviews
that allowed participants to perform real-life web-based
searches, the files were as large as 17 GB. We were specifically
challenged by the data storage and sharing capacities for our
large-scale study. Limited storage space on a computer can
cause the Tobii system to crash while data collection is in
progress. This is problematic as restarting a data collection
session disrupts and compromises the benefits of naturalistic
observations offered through this research methodology.

Training to use the machine is another consideration for
researchers. However, the software was not intuitive. Some of

our researchers had an assistant familiar with the software to
help with software navigation. Having an additional person in
the room may compromise the naturalistic process for
participants while they navigate health information on the
internet.

Discussion

Principal Findings
The purpose of this study was to highlight the benefits and
complexities of using a gaze tracker system to assess how deaf
adults access health information and provide preliminary results
in response to the implementation of this protocol. We learned
that deaf signers may find aspects of the gaze-tracking session,
such as calibration, challenging; however, these can be
addressed in future studies through the use of this protocol paper.
Gaze tracking is an affordable and effective way to understand
how adults search and spend time processing patient-facing
health information, such as that available on the internet.
Previous research has articulated the ways in which gaze
tracking can be successfully implemented in a research setting.
These capacities were also observed in this study. However,
our research team also experienced clear limitations with the
system, notably with large sample sizes and data collection
across research sites. Lessons learned also included
considerations for extensive training for research assistants, as
the software and procedures are not self-explanatory.

Conclusions
The experiences learned through this study will help future
researchers determine ideal study designs, such as suitable
protocols and participant characteristics (eg, deaf signers), when
including gaze trackers in their projects. The procedures we
found most effective in working with these populations were
discussed, and suggestions for future research were proposed.
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Abstract

Background: Addressing the enhancement of ill health self-management skills in adults diagnosed with bipolar disorder may
be considered an important intervention for health care systems worldwide.

Objective: This protocol describes the study “Management of my Bipolarity” (MoB), which aims to develop an educational
intervention for adults with bipolar disorder and assess its effectiveness. The objectives include (a) a literature review on bipolar
disorder educational interventions; (b) a qualitative exploration of the educational needs of people with bipolar disorder; (c)
development of an educational intervention based on objectives (a) and (b) (ie, the MoB educational intervention); and (d)
exploration of the effectiveness of the intervention regarding participants’ knowledge of their mental health condition and
enhancement of their ill health self-management skills. The MoB educational intervention will consist of an in-person and a
web-based intervention in the form of a digital platform.

Methods: The proposed interventional study is a combination of a qualitative and a quantitative design (mixed methods study).
A focus group and content analysis will be implemented for the qualitative assessment of the educational needs of adults with
bipolar disorder. The intervention will be developed based on the qualitative data of the study and relevant literature. The
effectiveness of the acquired knowledge and self-management skills will be assessed according to (a) substance use behavior,
(b) health locus of control, (c) impulse control, (d) adherence to pharmacotherapy, (e) relapse prevention, (f) improvement of
quality of life, and (g) bipolar disorder knowledge level via structured instruments in the quantitative part of the study using
descriptive and inferential statistics (SPSS version 24.0).

Results: A total of 13 patients with bipolar disorder have been interviewed (8 women, 5 men) to identify educational needs to
be covered through the intervention. Moreover, a literature review on bipolar disorder educational interventions has been completed.
These data have been incorporated in the design of the MoB in-person intervention and the digital platform. The digital platform
is live, and the development of the MoB in-person intervention was completed at the end of 2020. The recruitment of the participants
for the intervention (40 patients) and the control group (40 patients) began during the first semester of 2021. Moreover, by tracking
the platform for 1.5 years, we have recorded that 2180 users have visited the platform with an average session duration of almost
2 minutes. Mobile and tablet devices are being used by 70% of the visitors.
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Conclusions: Since new parameters regarding educational interventions will be explored, these findings are expected to provide
evidence that participation in structured educational interventions offers patients the opportunity to improve adherence to
pharmacotherapy and increase their quality of life.

Trial Registration: ClinicalTrials.gov NCT04643210; https://clinicaltrials.gov/ct2/show/NCT04643210

International Registered Report Identifier (IRRID): DERR1-10.2196/25168

(JMIR Res Protoc 2021;10(9):e25168)   doi:10.2196/25168

KEYWORDS
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Introduction

Bipolar disorder (BD) is one of the main causes of disability,
affecting approximately 45 million people globally [1,2]. The
percentage of people with mood disorders, including BD, in
Cyprus is approximately 13.8%, and the incidence per year of
people with BD is approximately 0.6% [3]. The most prominent
manifestations of BD (ie, cognitive, mood, and interpersonal
deficiencies) are all linked with decreased quality of life [4,5].
Therefore, BD has a significant effect on the personal, social,
and professional lives of both patients and their
families/significant others [6,7]. Most importantly, BD is linked
to high mortality rates due to suicide, as well as comorbidities
with other types of illness (eg, cardiovascular disease) [8-10].
All of the above highlight the need for support and
empowerment of people with BD as one of the key objectives
of health care systems worldwide [11].

Empowerment in the context of health care emerges out of the
promotion of independence of service users and the restriction
of disability and incapacitation, at both personal and social
levels [12]. One of the main methods of empowering people
with chronic illness is through reinforcement of their capacity
to manage the illness themselves (ie, self-management capacity)
[12], while reducing health care professionals’ involvement to
the minimum possible [13]. Enhancement of ill health
self-management capacity is achieved through educational and
training interventions [14]. Educational interventions, as
therapeutic approaches, include information intake and training
in skills regarding the ability to effectively deal with ill health
issues such as self-monitoring of symptoms, medication
adherence, or fulfillment of daily needs [14,15]. A plethora of
positive effects have been associated with enhancement of ill
health self-management skills through educational interventions,
such as decreased frequency and duration of relapse episodes
and hospitalization, and improvement of quality of life [14].
Educational interventions for self-management of disease
symptoms have been described for chronic mental diseases,
including psychosis and BD [16,17]. Computer software
applications have also been incorporated in educational
interventions aiming to increase knowledge and health literacy
[18,19]. Specifically, web-based interventions present certain
advantages such as more opportunities for participation, as they
are available throughout the day and provide accessibility to a
larger network of people, establishing this method of training
as one with a significant financial advantage [20,21]. Moreover,
participation in web-based educational interventions may be

more favorable for people encountering the social stigma of
mental illness, on national and international levels [22,23].

Although previous data support the effectiveness of structured
educational interventions for people with BD, the data remain
insufficient regarding relevant interventions in northern
European countries, including Cyprus, as well as in relation to
combined in-person and web-based interventions [14].
Specifically, there are no relevant structured interventions
available in the Greek language. In addition, to the best of our
knowledge, only one study reported to date used a combination
of in-person training alongside a respective web-based
intervention [24]. Although numerous digital educational
interventions and relevant platforms for BD exist, the degree
to which they have been developed according to any theoretical
background or empirical data on the needs of patients is not
clear. Notably, no digital platforms aiming to increase the
knowledge and educate people in BD or enhance relevant ill
health self-management skills have been found in the Greek
language, and the implementation of such interventions appears
to be almost absent in the health care systems of Greece and
Cyprus.

Previous data support difficulty in impulse control [25], and
high rates of substance use [26] and nonadherence to
pharmacotherapy [27] in people diagnosed with BD, which are
all linked to increased relapse rates and decreased quality of
life [4,5]. Thus, interventions, mainly psychotherapeutic, toward
addressing these issues need to be further explored [28]; the
combination of in-person and web-based interventions is highly
recommended for effective management of symptoms [29].
Other studies support that performance of ill health
self-management skills is associated with one’s self-perception
about the health-related locus of control and related health
literacy level [30,31]. Overall, educational interventions targeted
to people with chronic disorders, including BD, should constitute
a basic service offered by health care systems and mental health
service structures at the international level [11].

The proposed protocol focuses on a study aiming to develop an
educational intervention for patients with BD, and explores the
null hypothesis that patients who solely receive pharmacotherapy
will show the same improvement in important aspects of their
lives, such as relapse rate and quality of life, compared to those
who receive pharmacotherapy and structured educational
interventions. The effectiveness of the proposed intervention
will be tested in relation to improvement with respect to (a)
impulse control, (b) substance use attitudes, (c) adherence to
pharmacotherapy, (d) relapse prevention, (e) BD knowledge
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level, and (f) self-perceived quality of life and locus of
health-related control. Thus, the findings of the proposed study
are expected to provide data on the effectiveness of a structured
educational intervention, which combines in-person and digital
interventions, regarding enhancement of ill health
self-management skills.

Methods

Aim
The aim of the study entitled “Management of my Bipolarity,”
hereafter referred to as MoB, is to develop and test an
educational intervention for patients with BD. The stages of the
study include: (1) a literature review on BD educational
interventions; (2) exploration of the educational needs of adults
with BD; (3) development of the MoB educational intervention,
encompassing in-person sessions and a digital platform; and
(4) exploration of the effectiveness of the MoB intervention in
adults diagnosed with BD regarding (i) their knowledge about
this disorder, and (ii) the empowerment of ill health
self-management skills in relation to the improvement of
impulse control, adherence to pharmacotherapy, relapse
frequency, quality of life, and substance use attitudes.

Design
This study is based on a mixed method design and consists of
four stages.

Stage 1 includes a qualitative exploration of the educational
needs of patients, aiming to develop an experimental educational
intervention according to these needs. Moreover, a literature
review on BD educational interventions was performed in this
stage to support this objective according to the steps described
by Tawfik et al [32] for systematic reviews. Stage 1 has been
completed.

Stage 2 includes the design of the MoB intervention both in
person and with the digital platform. The design of the in-person
intervention relies on the Colom and Vieta [33] model, in which
cognitive behavioral techniques are incorporated according to
existing literature [34] and the results of Stage 1 (all relevant
findings of the literature review and data acquired in the
qualitative research of educational needs). The structure of the
MoB digital platform has been designed by the researchers of
this study and a web developer, partially based on the
preferences and needs of the participants (as determined in Stage
1). Stage 2 has also been completed. The digital platform will
be further enriched based on the qualitative and quantitative
findings from platform evaluation techniques and interactive
educational features in Stage 4.

Stage 3 includes implementation of the MoB in-person
educational intervention and the quantitative evaluation of its
effectiveness regarding the acquired knowledge and
self-management skills of the participants at four time points
(ongoing).

Stage 4 includes the qualitative and quantitative assessment of
the applicability of the digital platform (ongoing).

Settings and Sampling
The target population is adults diagnosed with BD who are
under treatment. The recruitment will be implemented in
collaboration with the mental health services used by the
participants. Specifically, both private and public mental health
services in Cyprus have been informed about the objectives and
procedures of the study through a specific communication
process. Through this process, several patients have already
been referred to the research team by their
psychiatrists/therapeutic team coordinator to participate in Stage
1. As a result, convenience sampling will be combined with
snowball sampling, according to study inclusion criteria set in
every stage. The study is also posted on social media and groups
related to BD (health care service users, health care
professionals).

To promote participant retention, an action plan has been
developed. Specifically, the principal investigator (AH) will
arrange one or two social meetings with the participants of Stage
1 and Stage 3 to achieve some degree of intimacy, emphasize
confidentiality, and ensure engagement with the study. The cost
of these social meetings is covered by the Nursing Department
of Cyprus University of Technology. Regarding the control
group of Stage 3, the principal investigator (AH) will also make
a phone call once or twice per month to reassure their
participation in the study, as follows: “Hello, I am Anna from
the MoB project. I’m calling to see how you are, and if you are
still interested in participating in the project. The next
appointment will be on date X. Is this okay with you, or do you
have any other arrangements for the day?”

Stage 1

Objectives
The objective of Stage 1 is to perform a literature review on BP
educational interventions and define the educational needs of
adults with BD via empirical exploration of their living
experience, aiming to integrate data in the MoB intervention.
This stage has been completed. Specifically, the objectives of
the systematic review included exploration of the educational
methods applied to individuals with BD and their effectiveness
regarding enhancement of ill-health self-management skills in
relation to (i) relapse prevention, (ii) adherence to
pharmacotherapy, and (iii) enhanced quality of life. This stage
also evaluated the BD literacy needs in people with BD. An
additional objective of the review was to inform the design of
Stage 3 regarding eligible outcome measures for assessment of
the effectiveness of the proposed intervention.

An advanced search in the CINAHL Medline, Scopus, Psych
INFO, and Cochrane Library databases was performed between
December 2018 and June 2020 by two researchers (MK and
AH). The following key words were used singly and in
combination: “bipolar disorder,” “manic-depress*,” “mania,”
“depress*,” “education*,” “self-management,” “intervention,”
“program*,” “empowerment,” “psycho-education,” “e-health,”
and “literacy.” The following inclusion criteria were set: (a) an
empirical, quantitative study; and (b) published in the English
language in a peer-reviewed journal between 2007 and 2020.
The methodological accuracy of the included studies was
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assessed with the Health Evidence Quality Assessment Tool
[35].

Inclusion Criteria and Sampling for Qualitative
Exploration of Patients’ Educational Needs
The inclusion criteria were set as follows: (a) sufficient
experience (more than 6 months) as a patient under BD
treatment; (b) willingness to communicate the living experience
of BD; and (c) ability to reflect on the living experience of BD,
as it will be drawn from the narrative content [36]. The final
sample size was based on theoretical and data saturation of
emergent themes [37-39].

Data Collection and Analysis
The form of the data collection interview, focus group or
personal interview, was designed to be assigned according to
the participant’s convenience. Since Cyprus is a small island
with approximately 1 million citizens, some of the participants
were reluctant to participate in focus group discussions due to
the social stigma of mental illness [40]. Participation in personal
interviews was expected to preserve their anonymity.

A semistructured guide with open-ended questions, set up by
the research team according to relevant literature, was used for
data collection in this stage. The interview guide included the
following questions:

1. Please tell us what you know about your mental health
condition/BD.

2. Please describe what you would like to know about bipolar
disorders.

3. Please describe in what way and on what topics you would
like to be educated and increase your knowledge on bipolar
disorders?

4. Please describe your expectations from an educational
intervention regarding its impact on your everyday living.

5. Would you like this intervention to be implemented
one-on-one or in a group?

6. How long would you like the intervention to last?
7. What is your level of engagement with the internet?
8. Are you familiar with computer use?

The original intention was to have two focus groups (6-10
people per group); however, in the process of the research, only
one focus group was ultimately deemed to be necessary. The
focus group participants met two to three times. In the second
meeting, the themes revealed in the first meeting were verified
and enriched where possible. During the third meeting, the
researchers interpreted the data, followed by a discussion with
the participants. This method was also applied to personal
interviews (2-3 meetings with each participant). Data analysis
was based on the conventional mode of content analysis [41].

Stage 2
The purpose of the development of the ΜoΒ in-person
intervention is to create an applicable, feasible, and effective
intervention to enhance BD knowledge and ill-health
self-management skills in people diagnosed with BD.
Specifically, a textbook has been devised explaining in detail
the step-by-step process and the techniques of the experimental
educational method of the MoB in-person intervention.

The goal of the development of the MoB digital platform is to
create an ecosystem where people with BD will be educated
and empowered to make use of the platform via a computer,
tablet, or mobile phone. The owner of the platform is the
Nursing Department of Cyprus University of Technology and
the administrator is the principal investigator (AH). The
participants of the proposed study will have the opportunity to
access the platform during and after completion of the study.

Stage 3

Inclusion and Exclusion Criteria
The following inclusion criteria have been set for participation
in the MoB intervention: (1) clinical diagnosis based on the
Diagnostic and Statistical Manual of Mental Disorders-5 for
BD; (2) aged between 18 and 65 years; (3) signed the informed
consent form; (4) stable mood status at the beginning of the
MoB in-person intervention based on clinical assessment,
conducted by the principal investigator (AH); (5) experience of
the illness for at least 1 year based on the medical record; (6)
adequate awareness of the illness, based on the following guide:
(a) are you aware of the reason(s) you are using mental health
services/under medication? and (b) are you aware of the aim of
the educational intervention in which you may participate?; and
(7) familiarity with computer use.

The exclusion criteria are: (1) intellectual disability (IQ<70),
based on the Wechsler Adult Intelligence Scale [42]; (2) brain
damage (eg, following a stroke) based on diagnostic tests; (3)
acute phase of the illness, based on clinical assessment and use
of the Young Mania Rating Scale (YMRS; total score <12) [43]
and/or Beck Depression Inventory (total score <17) [44]; and
(4) substance use problems at the beginning of this stage
according to the Alcohol Use Disorders Identification Test
(AUDIT; total score <9) [45] and Drug Use Disorders
Identification Test (DUDIT; total score <2 for women or <6 for
men) [46].

All eligible participants will be randomly assigned (in terms of
gender, age, duration of illness) into the intervention group and
the control (waiting) group. With the aim of obtaining a
moderate correlation effect, with 80% statistical power and .05
level of statistical significance, 40 participants are needed in
the intervention group and 40 participants are needed in the
control (waiting) group.

The criteria for discontinuing participation in the intervention
group are disorder relapse and nonadherence to pharmacotherapy
(discontinuation of medication).

Intervention Procedure
The form of this intervention will be in groups or in person
according to the participant’s choice (similar to the data
collection process as detailed above). Additionally, all
participants of this group will have access to the MoB digital
platform and will be assessed via a checklist on the frequency
and extent to which they use the digital platform in each
in-person session.

The implementation methodology of the MoB in-person
intervention will include videos and PowerPoint presentations,
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as well as interactive learning methods such as role playing,
empowerment exercises, and live discussions.

The MoB in-person intervention will comprise a total of 12
educational sessions. Each session will have a duration of 1.5
hours and the maximum number of participants in the groups
will be 12 patients. At the beginning of each session, the
participants will be given the opportunity to record their
feedback for the previous session and the impact of the training
intervention so far for themselves and for their
families/significant others. The intervention will be performed
at Cyprus University of Technology and will be implemented
by the principal investigator (AH). Participation in the
educational intervention is free of charge. Moreover, there is
no financial benefit for those participating in the study
(participants, researchers) in terms of reimbursement or any
other material benefit.

Those who wish to withdraw participation prior to completion
of the intervention will be able to continue to receive
information/knowledge about their illness through the digital
platform.

The control (waiting) group will only have access to the MoB
digital platform. Yet, it should be noted that the control (waiting)
group will also receive the MoB in-person intervention if its
effectiveness is shown at the end of the study. In this way, all
participants will be given the chance to receive the MoB
intervention.

Effectiveness Evaluation
Evaluation of the effectiveness of the MoB in-person
intervention will be based on the degree of improvement in the
following outcome variables defined according to the findings
of the literature review completed in Stage 1: (1) self-perceived
quality of life level, as measured by the World Health
Organization Quality of Life Assessment (WHOQOL) tool [47];
(2) self-perceived health-related locus of control, as measured
by the Multidimensional Health Locus of Control (MHLC) scale
[48]; (3) ability to control impulses, as reflected in one’s sexual
and aggressive behavior, measured by the items “aggressive
behavior” and “sexual interest” of the YMRS [43]; (4) substance
use problems, measured by the AUDIT (alcohol use) [45] and
DUDIT (drug use) [46] tools; (5) adherence to pharmacotherapy,
measured by the Drug Attitude Inventory (DAI-30) tool [49];
(6) frequency of relapses assessed by the reduction of the
number and duration of hospitalizations for the 2 years following
the end of the educational intervention; and (7) BD knowledge
level assessed by the Bipolar Disorder Knowledge Scale
(BDKS) [50].

The degree of self-perceived quality of life will be measured
by the total score in the WHOQOL scale assessment. This is a
1-5 Likert-type scale including 26 items. The minimum score
in the scale is 26 and the maximum is 130; higher scores indicate
a better outcome. The BD level of knowledge will be measured
by the total score in the BDKS. This is a 25-item, true-false
scale. The items address diagnosis, etiology, disease course,
symptoms, treatment, and life impact BD-related knowledge.
The ratio of “true” to “false” responses is assessed; a higher
percentage of correct values indicates a better outcome. The

degree of ability to control impulses will be measured by the
total score in the YMRS. This is a 0-4 Likert scale, including
11 items. The total score of the scale ranges from 0 to 44; a
lower total score indicates a better outcome. The degree of
adherence to pharmacotherapy will be measured by the total
score in the DAI-30. This is a 30-item true-false scale. The ratio
of “true” to “false” responses is assessed; a higher percentage
of correct values indicates a better outcome. Drug use will be
measured by the total score in the DUDIT scale. This is a 1-5
Likert, 11-item scale (total score range: 1-55); a lower total
score indicates a better outcome. Alcohol use will be measured
by the total score in the AUDIT. This is a 0-4 Likert, 10-item
scale (total score range: 0-40); lower scores indicate a better
outcome. The degree of self-perceived health-related locus of
control will be assessed by the MHLC tool, which is a 6-point
Likert (scored from 1 to 6), 18-item scale (Form A). These items
are grouped in three subscales corresponding to three different
loci of control (ie, internal, others, and fate/luck); higher sum
scores in each of the 3 subscales indicate a stronger locus of
control. The frequency of relapses will be measured by the
number of hospitalizations after completion of the in-person
intervention. The number of hospitalizations will be measured
as the sum of individual hospitalizations in a high-security
psychiatric hospital/setting; the lower the number of
hospitalizations, the better the outcome. The duration of relapses
will be assessed by the duration of inpatient hospitalizations in
days after completion of the in-person intervention. The duration
of inpatient hospitalizations will be measured as the sum of the
days of hospitalization in a high-security psychiatric
hospital/setting; the lower the duration in days of hospitalization,
the better the outcome.

There will be four evaluation time points. The first evaluation
time point will be prior to implementation of the MoB in-person
intervention, the second will take place immediately after
completion of the MoB in-person intervention, and the third
and fourth evaluations will be applied at 6 and 12 months,
respectively, after completion of the MoB in-person intervention.
These time points have been determined according to the
systematic review completed in Stage 1 [14].

The control group will be assessed via the same evaluation tools
as the intervention group, and at the same time periods. This
will test the null hypothesis that patients who solely receive
pharmacotherapy demonstrate the same improvement as the
intervention group.

The educational meetings will be held at Cyprus University of
Technology in a room specially designed for this purpose that
is soundproof, without windows, and chairs placed in a circular
arrangement to allow for eye contact, along with small tables
on either side to keep notes.

Data Analysis
The means (SD) will be calculated for the scale numeric (sum)
scores (YMRS, WHOQOL, MHLC, BDKS, DUDIT, DAI-30,
AUDIT, relapse frequency/duration) and frequencies will be
calculated for categorical variables (gender, age groups, sex,
years in illness groups). Parametric tests (analysis of variance,
t test) will be applied for comparisons between groups. For all
statistical tests, P values of .05 or lower will be considered
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statistically significant. Data will be analyzed through the
Statistical Package for Social Sciences (SPSS Inc, version
25.00). To test the relationship between two or more variables,
logistic and linear regression analyses will be used. The multiple
imputation method will be applied to handle missing data.

Stage 4
Assessment of the applicability of the MoB digital platform
will be based on qualitative (users’ feedback) and quantitative
(data analysis) testing. The qualitative assessment will be based
on the experience of the users with the platform and on the
degree to which they were positively affected by its use.
Specifically, the focus of the interviews will be on the impact
of the platform on their everyday life, as well as on enhancement
of ill health self-management skills according to the participants’
responses to the following open-ended questions: (a) “How
would you describe your experience with the use of the MoB
digital platform?” (b) “What was the impact of use of the MoB
digital platform on your life?” and (c) “What was the impact of
the MoB digital platform on your ill health self-management
skills?” This process will take place via focus groups
discussions. Specifically, two focus groups with 8-12
participants each will be recruited including participants who
(a) attended the MoB in-person intervention and had used the
platform and (b) solely used the MoB digital platform.

The quantitative testing involves anonymous questionnaires
provided to users of the MoB digital platform, who will have
to answer predefined questions regarding satisfaction parameters
relevant to the platform. The first outcome assessed will be the
level of users’ satisfaction with the MoB digital platform,
measured by the score on a 3-item Likert scale (low,
moderate/accepted, high) self-questionnaire exploring users’
perceptions of overall experience; utility, according to their
present medical condition and clinical state; practicality on daily
usage; improvement of self-management skills; and technical
difficulties experienced [51]. The second outcome is the degree
of improvement in users’ knowledge as measured by the score
on the BDKS [50].

Patient and Public Involvement
Although patients with BD have not been included as members
of the present research team, their input in the development of
this study will be constant and accounted for during various
stages of this project. Patient/participant involvement is
registered as follows. Once enrolled in the study, participants’
feedback and reactions will be collected by the research team
and used for improvement of the implementation of the study
protocol. Respect for the rights, experiences, and personalities
of the patients involved is one of the key priorities and
motivations of the research team. During stage 1, the qualitative
(empirical) exploration of the educational needs of patients with
BD will be assessed. During the development of the MoB
in-person intervention, the features, methods, and stages
described by the participants (data from Stage 1) will be taken
into account. Participant perspectives will also be addressed
during preparation of the research questions on the effectiveness
of the MoB in-person intervention. These questions are expected
to be finalized according to the preliminary input resulting from
the participants’ narratives on the clinical areas that need to be

addressed by the MoB in-person intervention and the expected
impact of the intervention on their lives (data from Stage 1).
The issue of the participants’ burden of the MoB in-person
intervention is included in the interview guide. Relevant data
were used to define the duration of the MoB in-person
intervention and the assessment periods of the intervention (data
from Stage 1). Τhe participants are expected to introduce the
proposed study to their peers, since a snowball sampling
technique will be applied in Stage 3 aiming to recruit the
participants of the intervention and control group. Finally, the
participants who will be involved in Stage 4 will assess the
applicability of the MoB digital platform via qualitative and
quantitative data.

Due to the limited population of the Republic of Cyprus,
attracting an adequate number of participants for the study is
one of the challenges faced. However, the research team will
disseminate the call to patients and providers’ associations as
well as through other available means to ensure patient
participation.

Members of the public, or the significant others/family members
of the participants, will not be involved in the study. However,
should the intervention be considered successful, significant
effort and work will be exerted to alleviate the effects of the
stigma of BD in society, both in Cyprus and internationally. A
collaborative effort will be undertaken by the researchers to
engage with members of the public to highlight the experience
of BD, and the significance and effectiveness of the MoB
intervention.

Registration and Ethics
This protocol was approved by the Cyprus National Committee
of Bioethics (ΕΕΒΚ/ΕΠ/2018/27) on September 30, 2018, and
was registered at the Research Committee Review board of the
Ministry of Health of the Republic of Cyprus

(5.34.01.7.6Ε/0490/2018) on February 18, 2019. Moreover, the
research protocol has been registered in ClinicalTrials.gov (ID:
NCT04643210). All participants have/will sign the consent
form for participation in the study, which includes the parameter
of data publication. The questionnaires included in this study
protocol have been previously published elsewhere and all
relevant references to the questionnaires are cited in the
manuscript.

Results

Stage 1

Literature Review
The literature review has been completed, and these data have
been published [14]. Specifically, 15 studies were included in
the review, showing that effective management of BD was
mainly based on the combination of pharmacotherapy and
structured educational interventions. Participation in structured
educational interventions was associated with improvement in
global functionality, adherence to pharmacotherapy, and early
detection of relapse symptoms, all resulting in reduced frequency
of hospitalization and experiences of mental illness social
stigma. However, none of the reviewed studies assessed
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important areas of functioning (ie, cognition, delinquency, and
impulse control). In relation to the mode of the educational
intervention, both digital and in-person interventions were
identified. Regarding the structure of the reviewed educational
interventions, the majority were developed according to
modified versions of the Colom and Vieta model [33], and their
duration ranged with 7-8 in-person sessions and 6-21 group
sessions. Moreover, personal interventions were linked to an
increased frequency of drop-off and decreased duration of
positive effects compared with those of group-based
interventions. However, additional research on the effectiveness
of in-person interventions compared to group-based
interventions was suggested. Although this review described
evidence on the effectiveness of web-based educational
interventions, relevant data were not sufficient or of adequate
quality to further support their usefulness. Nevertheless, it was
revealed that web-based interventions were associated with
advantages such as availability throughout the day and
subsequently more opportunities for participation, accessibility
to a larger network of people, and cost-effectiveness. Moreover,
web-based interventions were more attractive to those
encountering social stigma and younger participants.
Additionally, the vast majority of the studies reported on the
increased patient satisfaction from participation in educational
interventions, and the most frequent reasons for quitting these
interventions were increased job demands, relapse, and lack of
time. Moreover, those with a duration of illness of more than
15 years did not benefit significantly from educational
interventions. In conclusion, this review suggests the need for
further intervention studies in educating BD clinical groups,
combining in-person and web-based interventions, and further
assessment of their effectiveness in areas such as substance use,
delinquency, and impulse control.

Empirical Qualitative Exploration of Educational Needs
Regarding the qualitative exploration of the educational needs
of ill-health self-management skills in people diagnosed with
BD, a total of 13 participants were interviewed (8 women, 5
men). Specifically, since participation in interviews was
designed to include both personal and focus group modes, we
completed one focus group with 6 participants and 7 personal
interviews (May to September 2020). The simultaneous data
collection and analysis of emerged themes allowed us to
determine thematic saturation up to this sample size. Thus, we
did not proceed to an additional focus group as intended.
Moreover, the fact that the participants came from different
educational, social, and professional backgrounds supported
the criterion of data saturation. By April 2021, all three meetings
had been completed with all 13 participants. Relevant data
defined the design of the MoB intervention and are expected to
be published by the end of 2021.

Specifically, the participants only partially described the main
symptomatology and the risks stemming for inadequate
management of BD, and subsequently the impact of BD on their
lives; notably, none of the participants reported any type of
participation in a structured educational intervention on BD.
Furthermore, the internet was identified as the primary source
of education about their illness, with health care professionals
(ie, psychiatrists and mental health nurses) listed as the second,

yet ineffective, source of knowledge. Regarding BD-related
educational needs, the participants mainly focused on the
necessity to become familiar with the pathophysiology and
symptomatology of BD, but most importantly the etiology
behind the onset of this disorder and the factors that might have
triggered BD. Moreover, they clearly described their need to
enhance their knowledge about pharmacotherapy, side effects,
and the rationale behind particular types of psychotropic agents,
as well as effective management of the adverse effects of
pharmacotherapy. Substance use was also included in the agenda
of the participants regarding their educational needs.
Additionally, the participants reported their need to be educated
on how to manage human/patient rights violations against them,
mainly in relation to consent to treatment, participation in
clinical decision-making, and capacity to make legal decisions.
The participants also described their need to enhance knowledge
about the therapeutic procedures applied in other countries, as
well as in relation to complementary therapeutic options. Female
participants expressed their need to learn more about the link
between BD and reproductive and sex-life health issues, with
focus on fertility and the link between pharmacotherapy side
effects and menstrual disturbances, childbirth, and hormones
regulation. Employment-related issues were also raised,
especially with respect to lack of knowledge regarding
sick-leave issues and disclosure issues about their health status
to their employers and coworkers. The participants also provided
input regarding the frequency, duration, and mode of educational
sessions. Most importantly, the participants underlined their
need to be practically educated on how to implement all of the
provided information into their daily lives, and mainly on how
to identify and self-manage (if possible) early symptoms to
prevent relapse.

Regarding the above topics, those referring to (a) sexual and
reproductive health, (b) patient/human rights, (c) employment
issues, and (d) alternative and complementary therapeutic
options were incorporated into the MoB intervention, since
these topics were not included or adequately covered in the
Colom and Vieta [33] module. Moreover, the participants’
suggestions about the frequency (once a week), duration (90
minutes per session/12 sessions), and mode (both personal and
group-oriented options to participate in the MoB intervention,
combination of in-person and online modules via a digital
platform) were also taken into consideration during development
of the MoB intervention.

Beyond educational needs, the participants spontaneously
provided descriptions about social needs, and specifically
expressed their need to belong to a certain group or society, as
well as their willingness to support others in need. Based on
this input, a session on social skills training and information
about how to engage in volunteering was incorporated in the
design of the MoB intervention.

Stage 2

MoB In-Person Intervention
A textbook explaining the detailed, step-by-step process and
the techniques of the experimental educational method of the
MoB in-person education has been devised. According to the
data acquired in Stage 1, the MoB in-person intervention
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comprises a total of 12 in-person educational sessions, with one
session per week. Each session has a duration of 1.5 hours and
the maximum number of participants in the groups is 12 patients.

MoB Digital Platform
The interactive part of the platform is under development, while
the informative part is live [52] and accessible to the participants
in the current study, as well as to any interested person (eg,
family members of people with BP) or caregivers providing
updated information related to BD (platform users). The
platform is in the form of a dynamic website with user-generated
content as well as static information, following a responsive
design (ie, accessible with all types of devices). The informative
part, so far, includes the following functionalities:
self-management action plan, homework exercises,
self-assessment tools, and scientific articles relevant to BD.
Entry into the platform functionalities (scientific articles
excluded) is password-protected.

Users can register in the platform by filling in their personal
profile and can log out/log in and revisit at their convenience.
Regarding self-management functionalities, the platform will
contain subject units where personal relapse symptoms may be
registered, a life events table, personal risk factors for relapse,
and a weekly program of activities. Input of relevant information
will be provided through open-ended questions and checklists.
Participants of the MoB in-person intervention who visit the
platform will find that these subject units (chapters) are topics
on which they will be educated on. Additional features will be
incorporated according to development of Stage 1 (eg, new
training needs as described by participants in the focus groups).

Another subject unit will be the personal therapy file, where
users will have the chance to keep tabulated notes related to
their therapy, including information about the dose and type of

medication treatment, as well as pending medical tests (eg,
blood tests) and other relevant information. The therapeutic
team of the user will have the ability to access the information
by registering in the platform under approval of the user with
the aim to support continuity and share information.

Stage 3
The recruitment of the participants of the intervention group
(40 patients) and the control group (40 patients) began during
the first semester of 2021.

Stage 4
User behavior data have been analyzed through Google
Analytics by tracking the platform for approximately 1.5 years
(January 2019 to October 2020). Specifically, we have recorded
that 2180 users have visited the platform with an average session
duration of almost 2 minutes. The bounce rate of these visits is
68%, which calls for improvement. The returning visitor rate
is approximately 10%, and 70% of the visitors are accessing
the platform via mobile and tablet devices.

The website has a total of 7100 page views. Each user has an
average of 2.6 pages per visit. In terms of search appearance,
it seems that 72% of the traffic is derived from organic searches,
which means that search engine optimization fundamentals have
been applied to the highest level. Usability testing is being
performed to ensure that the website is improving the lives of
the users.

The full development and release of the interactive part of the
digital platform is expected to be finalized by the second
semester of 2022, at which time the assessment of the
applicability of the platform will take place.

The timeline of the proposed study is presented in Figure 1.

Figure 1. Timeline of the Management of my Bipolarity (MoB) study. BD: bipolar disorder.
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Confidentiality and Dissemination

Ethics and Data Management
Participation in all stages of the study will follow the provision
of informed consent. The participants will be informed both
orally and in written form about the purpose and process of the
study, as well as about confidentiality issues regarding the
revealed experiences and the safe storage of the collected data.
The principal investigator (AH) will answer all questions. The
consent form will include a telephone number and email address
for expressing complaints relating to the procedures of the study.
Participants will be able to withdraw at any point as they wish,
with no repercussions in the therapeutic procedure they already
follow.

Each interview will be recorded with the participant’s
permission. Moreover, the participants will be reassured that
no data that could reveal their real identity would be presented
or reported at any point of the study. Pseudonyms will be used
for participation in the study. Although there is no identified
psychosocial or other type of danger or harm related to
participation in this study, the research team will provide
psychosocial supportive services to those in need during the
study and for up to 1 year after its completion.

Dissemination Policy
Dissemination of the results will take place through publications
in international and national scientific journals. There will also
be presentations of the data in nursing and medical conferences
at national and international levels. All publications and
presentations that will be held will include the names of all the
collaborators who contributed to the implementation of this
study. The aim of the dissemination is to inform health
professionals and researchers interested in the follow-up of
similar methodological planning for intervention studies.

Data Management
The data collected from each participant will be encoded as a
letter according to the group to which they will be assigned (ie,
“I” for the intervention group or “C” for the control group) and
the sequence number of entering this group (eg, I1 or C1). This
algorithm is expected to produce a unique code for each
participant. All data will be safely stored in a locked cabinet in
the office of the main supervisor, MK. Access is granted only
to MK and AH. The data will also be stored on the computer
of the main supervisor. When the data are stored on the
computer, AH and MK will perform a double check to assure
that the questionnaires have been completed accurately. The
data will be published immediately in scientific publications
for their verification. Mechanisms to protect data, based on the
General Data Protection Regulation, have been taken into
account to ensure the security of sensitive information provided
on the digital platform by its users. In relation to security of
data linked to any kind of communication within the
environment of the platform, the HTTPS encryption system
will be applied. Moreover, in relation to privacy issues, a cookies
system will be applied. Access to personal files will be
password-protected and all relevant information will be
encrypted. Identification issues will also be taken into

consideration. Overall, further investigation on security, privacy,
and identification issues will be ongoing.

Discussion

Projected Findings and Significance
The findings of the proposed protocol will shed some light on
the characteristics of structured educational interventions applied
to people with BD and the educational needs of this clinical
population. Most importantly, the proposed study is expected
to provide data on the effectiveness of a structured educational
intervention regarding enhancement of ill health
self-management skills in this clinical population. The
development of a relevant digital platform is also expected to
contribute to this goal. Structured educational interventions
include knowledge provision and experiential exercises to adapt
effective attitudes regarding the self-management of BD
[20,53-66], while the degree of self-management of chronic
mental disorders is further linked with improved patient quality
of life [67,68].

The review performed in Stage 1 of this protocol revealed that
control of the symptoms of BD is a complex process, which
appears to be based on the combination of pharmacotherapy,
psychotherapy, and structured education [20,53-66]. Moreover,
this review confirmed that participation of people with BD in
structured educational interventions gives them the opportunity
to improve important life parameters such as functionality in
terms of fulfillment of everyday life activities and work
engagement [16], adherence to pharmacotherapy, early detection
of relapse symptoms, reduction in the frequency and length of
hospitalization [69], and limitation of social stigma [65].
Additionally, it became clear that individuals with BD who
participate in training interventions have fewer symptoms of
intensity, resulting in a decrease in the amount of medication
received [70]. Moreover, based on this review, it was shown
that the duration of relevant educational interventions varies
according to the form of the training intervention (individual-
or group-oriented). Specifically, 6 to 21 training sessions seem
to be necessary for group interventions and 7-8 sessions are
needed for individual interventions [16,54,60]. Another factor
found to be related to the effectiveness of education was the
chronicity of the disorder. Those who described a chronic state
of the disorder with a duration of more than 15 years did not
benefit significantly from educational interventions [47].
Subsequently, priority should be given to educational
interventions in the early stages of diagnosis of the disorder to
achieve the highest possible efficacy. On this basis, since both
the intervention and control groups in the proposed study will
include individuals with a variety of illness durations, caution
will be taken during data analysis to control this confounder.

Integration of the qualitative data of Stage 1 into the
development of the MoB intervention was achieved in relation
to both the curriculum of the intervention and the delivery mode.
Most importantly, since the participants confirmed a lack of
structured, culturally adapted educational interventions in the
Greek language, we may assume the necessity of applying the
proposed educational intervention to people diagnosed with BD
and their families in an accessible and friendly mode; thus,
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implementation of advanced, web-based educational
interventions accessible to both clinical and nonclinical
populations may be supported. Nevertheless, the internet was
identified as the primary source of education for the participants,
which was also described as a useful source of knowledge.
Consequently, the development of a culturally sensitive platform
providing reliable and updated information and knowledge to
the public may be deemed necessary. Overall, based on the
above, the research team confirmed the need to combine
in-person sessions with a digital platform in the form of a
dynamic website with user-generated content as well as static
information, while these data have been integrated into the
design and assessment of the applicability of the MoB digital
platform.

Regarding the context of the MoB educational sessions, several
new topics were introduced: (a) sexual and reproductive health,
beyond lithium-related topics and sexual impulse control in
mania/hypomania, which are already included in the Colum
and Vieta [33] model; (b) patient/human rights; (c) employment
issues; and (d) alternative and complementary therapeutic
options, beyond the stress-control techniques already included
in the Colum and Vieta [33] model. Additionally, aiming to
support the participants’ social needs, a session on social skills
training and information on how to engage in volunteering was
incorporated into the MoB intervention.

Based on the preliminary metrics related to the digital platform,
despite low rates of engagement, bearing in mind the rate of
visitations, we may conclude that there is an interest in the
digital platform. The numbers of visitations may further suggest
that we have developed a user-friendly platform following the
latest technological trends. Nevertheless, it would be useful to
know how many visitors typically visit other similar websites
regarding patient education, and to further compare the rate of
visitations of the digital platform with the typical rates for such
resources. Currently, due to a lack of websites in the Greek
language on psychiatric patient education, a relevant comparison
was not possible. Overall, further improvements will be made
based on ongoing data retrieval and testing, with special focus
on ways to increase the duration of engagement in the platform.
The qualitative and quantitative assessment of the platform is
still ongoing, which is expected to be finalized at the end of
2021.

Approximately 5.7 million adults in the United States are
diagnosed with BD annually, a percentage corresponding to
2.6% of the total adult population [70,71], while BD is the
second most prevalent neurobiological (mental) disorder in the
Republic of Cyprus, following psychotic thought disorder [71].
The median age of onset for BD is 25 years, although the illness
can start in early childhood or late adulthood, having a long-term
impact on one’s life [72]. An equal number of men and women
develop BD, and this condition is found in all ethnic groups and
social classes [72]. Most importantly, BD results in a 9.2-year

reduction in expected lifespan, and as many as 1 in 5 individuals
with BD attempts suicide [72]. Additionally, a prolonged lack
of diagnosis or false diagnosis at some point of the illness
trajectory is a common phenomenon among people with BD
[73]. As a result of delayed effective treatment, the symptoms
of the disorder become more severe, along with an increased
frequency of relapse [74,75]. All of the above constitute the
application of innovative, multidimensional, and effective
therapeutic approaches aiming to increase the quality of life of
this clinical group and adequately empower patients as an
imperative goal. Empowerment in the context of health care
refers to the status in which service users may function under
the highest degree of autonomy, achieve their personal life goals,
and gain the optimum level of quality of life [76,77]. Studies
on the effectiveness of therapeutic methods aiming to empower
ill health self-management skills in people with chronic illness,
including BD, have been reported to be necessary [78,79].

Several changes have been made to mental health services in
Cyprus; today, the majority of services are provided in
community rather than institutional settings. According to the
goals of the Ministry of Health of the Republic of Cyprus,
advanced, evidence-based mental health clinical practices are
considered an integral part of the therapeutic interprofessional
approach toward clinical populations [71]. However, to our
knowledge, there is no evidence of the extent to which
empowering-oriented approaches toward individuals diagnosed
with BD have been incorporated to the recent modification of
mental health services. Implementation of the proposed
intervention is expected to contribute to this goal in Cyprus.

Limitations
Regarding the limitations of the proposed study, only adults
will be involved (18-65 years), which will limit the ability to
obtain a comprehensive depiction of the effectiveness of the
MoB intervention in populations of different ages (eg,
adolescents, the elderly). Additionally, the interventions will
be developed only in the Greek language, excluding
non-Greek–speaking participants, leading to limited
generalizability of the findings.

Conclusion
This is the first study, to the best of our knowledge, on structured
education of adults with BD that combines in-person and
web-based interventions. The outcome of robust evidence on
the effectiveness of the MoB educational intervention is
expected to contribute to the development of knowledge and
documentation on the subject, locally in the Greek-Cypriot area,
but internationally as well. New parameters regarding
educational interventions will be explored, while data from the
proposed study are expected to support the incorporation of the
MoB educational intervention into mental health care services,
thereby enhancing mental health nursing practice, both in Cyprus
and globally.
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Abstract

Background: In 2018, 2 million Americans met the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition diagnostic
criteria for an opioid use disorder, and 9.9 million Americans had misused prescription pain relievers the previous year. Despite
a rapid increase in opioid misuse, opioid use disorders, and overdoses, data are limited on the behavioral and contextual risks as
well as the protective factors fueling the opioid epidemic in some hard hit US cities—Atlanta, Los Angeles, and Las Vegas.
Opioid use also contributes to the risk of other health problems such as HIV and hepatitis C virus infections or mental health
disorders and is linked to behavioral and environmental risks (eg, homelessness, experiences of violence, involvement in the
justice system). Knowledge of the relationships between these linked vulnerabilities and how they influence service utilization
is critical to effective policy and interventions.

Objective: This survey explores the relationships between demographic and economic characteristics, behavioral and
environmental risk factors, and service utilization of people who use opioids to inform public health practice, policy, and future
efforts to mitigate the risks faced by this population experiencing multiple health, social, and economic vulnerabilities. The results
of this survey will be used to identify needs and intervention points for people who use drugs currently served by public health
organizations.

Methods: We implemented a community-engaged strategy that involved development and execution of a two-stage purposive
sampling plan involving selection of partner organizations (syringe exchange programs in urban settings) and recruitment and
enrollment of participants aged 18-69 years served by these organizations in Atlanta, Los Angeles, and Las Vegas from 2019 to
2020. The recruited participants completed a survey, including a variety of measures to assess health (physical and mental) and
health behaviors such as sexual behavior, vaccine receipt, and HIV/ hepatitis C virus infection testing. Additional items assessed
drug use and misuse, syringe exchange and health service utilization, sex exchange, histories of interpersonal violence, and
vaccine confidence.

Results: This protocol was successfully implemented despite challenges such as real-time technology issues and rapidly finding
and surveying a difficult-to-reach population. We sampled 1127 unique participants (248 in Atlanta, 465 in Los Angeles, and
414 in Las Vegas).

Conclusions: The establishment and utilization of strong community partnerships enabled the rapid collection of data from a
typically difficult-to-reach population. Local efforts such as these are needed to develop policies and practices that promote harm
reduction among people who use opioids.

International Registered Report Identifier (IRRID): RR1-10.2196/25575
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Introduction

Modifications in use and prescription practices of opioids in
the late 1990s caused a major shift in the mindset toward opioids
among the general public as well as among health care
professionals [1]. Aggressive marketing campaigns from
pharmaceutical companies created an increase in the number
of prescriptions written to combat noncancer pain in patients.
As an October 2020 settlement with the United States
Department of Justice stipulates, the industry adopted practices
that led to a rapid proliferation of abuse of both prescription
and nonprescription opioids.

According to the National Survey on Drug Use and Health, over
10 million people in the United States aged 12 years or older
(roughly 4% of the total population) misused opioids in 2018
[2]. Nearly 10 million of these individuals reported prescription
pain reliever misuse, and 808,000 reported using heroin [2].
That same year, an estimated 2 million people aged 12 years or
older had an opioid use disorder (less than 1% of the population)
[2]. However, among those who met the criteria for an opioid
use disorder, only about 400,000 (19.7%) received drug use
treatment at a specialty facility in the past year (eg, inpatient
hospital, inpatient or outpatient drug or alcohol rehabilitation
facility, inpatient or outpatient mental health center) [2].

Synthetic opioids have become a major contributor to the
significant increase in opioid-related overdose deaths in the
United States [3]. The United States Centers for Disease Control
and Prevention reported that more than 31,000 fentanyl-related
fatalities occurred in the United States in 2018, accounting for
the most deaths among any type of opioids [4]. More
specifically, death rates associated with synthetic opioids
increased by 10% from 2017 to 2018 [4]. Other data suggest
that many people who inject drugs were unaware or suspect that
their drugs contain fentanyl more often than not [5,6], thereby
exponentially increasing their risk of opioid-related overdose
and death. Furthermore, data from 2018 estimated that, on a
daily basis, 128 Americans die as a result of opioid-related
overdoses, which reiterates a serious national and public health
concern [7].

The impact of the opioid epidemic in the United States on public
health extends beyond opioid-related fatalities. Additional public
health consequences related to opioid misuse and opioid use
disorders include an increase in HIV/hepatitis C virus infections
and other infections among persons who inject drugs [8-10].
The United States Centers for Disease Control and Prevention
reported that, in 2018, 1 in 15 new HIV diagnoses in the United
States occurred among persons who inject drugs [11]. Additional
concerns included increased risk of neonatal abstinence
syndrome and other fetal and birth complications [12], health
and safety of children whose parents are active users [13],
impact on mental health [14], impact on first responders and
other health care professionals [15], and economic costs [16].

More recently, opioid drug overdoses have increased as a result
of the COVID-19 pandemic [17]. More than 40 states have
reported not only increases in opioid-related mortalities but also
concerns for those experiencing mental illness or substance use
disorders [17]. According to the Overdose Detection Mapping
Application Program, the proportion of suspected overdoses in
the United States has jumped from 18% in March 2020 to 42%
in May 2020 [18]. Some attribute this rise in overdoses to the
directives for social distancing resulting in isolation, while
others have noted considerable increases in alcohol and other
substance use since the COVID-19 pandemic began [19]. It has
also been suggested that impacts to the drug supply have resulted
in users turning to new substances or dealers [19].

Given these findings regarding the public health consequences
associated with opioid use, it is vital to gain additional
information relative to the behavioral and contextual risk and
protective factors fueling the current epidemic. Prior studies
have identified correlations between opioid abuse and behavioral
and environmental risks, including high-risk sexual behavior
[20,21], homelessness [22,23], experiences of violence [24],
and involvement in the justice system [25]. Further, previous
studies have indicated that people who use opioids also display
higher rates of serious mental illness [26], which can compound
other issues of substance abuse [27]. However, many of these
domains are sparse, and studies are often restricted to emergency
room patients or are limited in scope and geographic coverage.
Additionally, to our knowledge, no prior research has estimated
vaccination coverage or confidence among people who use
opioids. Strategies focused on harm reduction will not only
inform public health practice and policy but also mitigate the
risks faced by vulnerable populations. Our project has been
developed to expand our knowledge of these behavioral and
contextual risks and to address our limited knowledge of these
barriers and intervention points.

Through the development and maintenance of strong
partnerships with community organizations serving people who
use opioids, we were able to work with client populations that
are normally difficult to engage in data collection efforts related
to their health behaviors and drug use. To characterize the health
status and behaviors of people who use opioids and utilize
services at community organizations, we partnered with
community organizations providing syringe exchange services
in 3 US cities to recruit people who use opioids to participate
in a comprehensive health and behavior questionnaire, which
was designed to capture the following project goals:

1. Assess the behavioral (drug use patterns, vaccination status,
pre-exposure prophylaxis use, sexual behavior, etc) and
environmental (homelessness, experiences with violence,
etc) health risks faced by people who use opioids who are
clients of community health organizations.

2. Examine barriers and facilitators of access to health and
life services, such as financial support, insurance, access
to transportation, and social support networks.
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3. Determine utilization of health and life services from the
partner community health organizations and from other
sources to identify service gaps that could be targeted by
interventions and community organizations.

The results of these analyses will be used to identify needs and
intervention points for people who use opioids who use services
at community health organizations and to help inform service
provision and policy.

Methods

Site and Partnering Organization Selection
The sampling strategy included a recruitment plan of up to 1200
individuals who identified as clients of partnering organizations.
Data collection sites were chosen based on characteristics of
the population of people using opioids, particularly those who
may be vulnerable to HIV, viral hepatitis, vaccine-preventable
diseases, and opioid use. The selected cities were Atlanta,
Georgia; Los Angeles, California; and Las Vegas, Nevada. We
engaged partners with whom the project leadership team has
spent several years cultivating collaborative relationships. These
partnerships have emerged from the project faculty reaching
out to organizations to gauge interest in partnering on various
field-based efforts related to service provision, health outcomes,
and public policies that impact their client populations. The
partners engaged in our efforts had well-established syringe
services and a demonstrated track record of success serving
diverse clients in a variety of settings. Atlanta’s primary partner
organization provides syringe services through a mobile
program, with established locations in the community where
individuals can come on set days/times, as well as community
outreach at homeless encampments and other known drug use
locations. Our primary Los Angeles partner is a
community-based health care and social services organization
working to identify and address emerging health issues faced
by the Latino and lesbian, gay, bisexual, transgender, and queer
(LGBTQ+) communities. They provide syringe services at one
of their brick-and-mortar sites as well as through a mobile
program. The Las Vegas partner provides services at a
brick-and-mortar site and through a mobile program, as well as
through local vending machines and delivering materials to
their clients’homes via FedEx. The organization aims to reduce
the risk of negative behavioral consequences while eliminating
the stigma associated with drug use. These community partners
were selected in part for variation in operations, as this would
provide for a better assessment of the differences in their
operations and their ability to provide services. As needed, we
supplemented our sample with participants recruited from
similar entities servicing these communities; in Atlanta, we
supplemented with another organization, and in Los Angeles,
we supplemented with 2 additional agencies.

Participant Inclusion and Exclusion Criteria
Eligible participants included those who had accessed the
designated partner’s services. Potential participants reported
using opioids at least once in the previous 6 months, being 18-69
years of age, having English or Spanish language comprehension
(reading or speaking), and were able to voluntarily consent to
participation. Exclusion criteria were inability to provide

voluntary consent (for any reason) and failure to meet other
inclusion criteria. Pregnant women were not a target population
for this survey project; yet, they were not explicitly excluded
if they met all the inclusion criteria.

Sampling Plan and Sample Size
We used a two-stage purposive sampling plan: (1) selection of
the partner organizations and (2) recruitment and enrollment of
clients utilizing services from these entities. Sites were selected
based on being operational for at least two years and having a
variety of service delivery modes (eg, entirely mobile,
combination brick and mortar/mobile services). Recruitment
and enrollment of participating individuals were based on the
eligibility criteria and sampling frame. Purposive sampling is
based on having strong theoretical reasons for inclusion of cases
in the sample. In contrast to probabilistic methods, purposive
sampling draws on theory and empirical data to select the most
information-rich cases to inform the project aims in question
while having sufficient variation to allow for analytic
comparisons [17]. Variations for this project included selected
partner sites, each of which operates under different state-based
regulations and differs in service provision. We also sought to
have varied distribution by race, ethnicity, and gender identity
across the 3 sites. The planned variation by these characteristics
was based on anecdotal data about the differences in this
population’s lived experiences and perceived needs, barriers,
and facilitators to accessing services. We were also mindful of
capturing a spectrum of ages across the eligible 18-69 years of
age range. A sampling target of 400 per city (total of 1200) was
chosen to fit within funding restraints while providing an
adequate sample size for city-specific and comparative analyses.
This sampling target also ensured adequate samples of
subpopulations such as LGBTQ+ gender identity.

Staff Training
Project staff were recruited to the team by the University of
Nevada, Las Vegas and the University of California, Los
Angeles project leaders, including community members,
students, and young professionals who expressed interest in the
topic area and had demonstrated exemplary skills, subject matter
knowledge, and experience in similar roles with the populations
of interest. At the outset of the training process, all field staff
were required to complete Collaborative Institutional Training
Initiative trainings related to ethics and procedures.
Survey-specific training included a full-day review of best
practices in survey methods as well as methods for interacting
with at-risk socially and economically disadvantaged
populations. The staff discussed appropriate methods for
selecting participants in field settings and team-based assessment
procedures to ensure that potential participants were not
currently under the influence of impairing drugs or alcohol prior
to consent. The training detailed the manner in which partner
staff were provided an opportunity to identify potential
participants, given their experience and knowledge of clients
in the local population. During the training events in each
selected city, the team also took time to navigate the survey on
the tablet to become comfortable with the format and to identify
strategies to address potential issues that participants might
experience. As diverse staff were hired to conduct the survey,
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including those bilingual in English and Spanish, project leaders
spent considerable time during training to ensure that survey
procedures, instructions, and domain items were clear to all
team members by using both languages prior to field initiation.
This process also allowed the team to check survey skip and
display logic to ensure proper survey flow and item
interpretation. Quality assurance procedures were also identified
and discussed in the one-day trainings, including details on
potential mitigation strategies. All project staff conducting
surveys, as well as its team leaders in each city, participated in
face-to-face and follow-up trainings on the instruments and
procedures, including a review of acceptable strategies to
approach potential participants for data collection.

Field Recruitment Process
The partner organizations assisted in identifying the best
approaches for recruitment of their clients, scheduling data
collection periods, and performing data collection in diverse
field settings (eg, during mobile outreach services). Participating
partners designated point-of-contact community-based
organization (CBO) staff who could answer questions about the
project and redirect those interested in speaking to designated
project recruiters as needed. Potentially eligible participants
were screened in-person at specific locations during data
collection events. All recruiters assessed eligibility via the
established electronic tablet-based screener. The screening tool
allowed the team to collect data confidentially as no identifying
information was needed from participants and provided us the
opportunity to collect consent electronically without collecting
the name or signature on consent documents. In addition to
determining eligibility, the screening process also included basic
demographic questions (eg, age, race/ethnicity). Screening took
no more than 3 minutes to complete.

Informed Consent
Survey procedures involved a two-stage consent process. Initial
consent, conducted at the beginning of the screening process,
took place before any questions were asked. This initial abridged
consent described the project aims, including the length of time
required for participation, the participants’ rights not to answer
any question(s) they did not wish to answer, the right to leave
at any time, and notice that the information they provided would
be destroyed if they chose not to participate, and concluded by
asking for their consent to proceed. The initial consent was used
because the screeners included eligibility as well as demographic
questions. These data were linked via a unique identification
number to the survey; thus, we sought to ensure that participants
understood and accepted this process prior to answering any
questions. At the end of the screening process, the survey
automatically directed eligible participants to our web-based
informed consent form where participants provided consent and
were able to continue to the rest of the survey questions. The
web-based consent process reiterated the information previously
shared during the initial consent. During both consent processes,
participants were given an opportunity to ask questions and
receive additional information before providing consent. The
reading level for the electronic consent was no higher than an
eighth-grade level on the Flesch-Kincaid reading scale.
Participants were recruited and surveyed at sites where they

already received services of value to their health. At each
location, participants were able to take a nominal well-being
item typically available at the sites for clients (eg, hand sanitizer,
hygiene kit, sunscreen).

Data Collection Instruments
In addition to the informed consent form and screener, data
were collected using a Qualtrics-based questionnaire on a
Wi-Fi–enabled iPad. A high-quality data collection instrument
was developed to address the constructs of interest, maximize
participant engagement, minimize missing data, and minimize
participant burden. These goals guided the development of the
screener and the survey. Program staff from participating
organizations and other subject matter experts provided feedback
on the survey which the team used to refine survey questions.
The survey took approximately 20-30 minutes to complete
(median 23 minutes, IQR 17-31 minutes). Our survey
instruments in English and Spanish asked about participant
sociodemographic data, health behaviors (including sexual
behavior, vaccination, HIV and hepatitis C virus testing), health
literacy, co-occurring psychiatric symptoms, legal issues
(including knowledge of Good Samaritan laws and incarceration
history), history of traumatic experiences, social networks, drug
and alcohol usage, media use, intervention access, and CBO
service utilization. A description of the content domains and
example items are available in Multimedia Appendix 1 (Table
S1). Psychometric instruments were drawn from valid and
reliable measures: vaccine confidence was assessed using a
version of the Emory Vaccine Confidence Index modified for
adult vaccination [28], mental distress was measured using the
K6 scale [29], health literacy assessment used the 3-item scale
of Chew et al [30], and the DUDIT-E instrument was used to
measure the motivation to change substance abuse behavior
[31]. Other items were drawn from prior surveys when available
and from subject area expertise.

Technology Adoption and Data Collection Procedures
Participants were identified by an identification number only.
We obtained demographic information during the screener and
survey, which was collected on a Health Insurance Portability
and Accountability Act (HIPAA)–compliant survey
administration platform, that is, Qualtrics (Provo, UT). HITECH
(Health Information Technology for Economic and Clinical
Health Act) updated HIPAA rules to ensure that data were
properly protected and the best security practices followed.
Qualtrics safeguards all data and uses secure data centers to
ensure the highest protection per HITECH requirements.

Data Analysis
The protocol data analysis plans include univariate and
multivariate statistical techniques to understand factors related
to opioid use as well as perceived needs related to HIV/hepatitis
C virus infections and other partner agency services among
people who use opioids in and across the 3 cities. Planned
analyses include assessments of the following:

1. Vaccination coverage and vaccine confidence.
2. Acceptability of injectable pre-exposure prophylaxis among

people who inject drugs.
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3. Prevalence of mental distress and its association with
violence and victimization.

4. Knowledge of and attitudes toward Good Samaritan laws.
5. Current CBO service and other health services utilization,

desired services, and potential barriers to service utilization.
6. Patterns of substance use, including alcohol and tobacco,

and attitudes toward substance abuse.

These assessments will also include comprehensive analyses
of the associated risk and protective factors. Estimates of
bivariate associations will be used to describe population-level
trends, while appropriate multivariable models will allow
adjustment for relationships between independent factors. Data
analyses associated with specific survey construct domains are
described in Table S1 of Multimedia Appendix 1.

Institutional Review Board Approval
Project protocols were reviewed and given an exempt
determination by the University of Nevada, Las Vegas
Institutional Review Board, followed by independent
institutional review board reviews with Emory University,
University of California, Los Angeles, and College of Mount
Saint Vincent for secondary analyses determination.

Results

Through data collection, 1368 individual surveys were started
across the 3 sites from May 2019 through February 2020. The
majority (1127/1368, 82.4%) of the participants who started the
survey completed it and met our eligibility criteria. In total,
1127 participants met the eligibility criteria and completed the
survey (Atlanta, n=248; Los Angeles, n=465; Las Vegas,
n=414).

Discussion

Procedural Advantages of Technology Adoption
Our use of tablets allowed us to strengthen our recruitment
efforts for opioid users who may have variable transience among
the population and be harder to reach. Utilizing the tablets
allowed our team members to conduct recruitment while in
brick-and-mortar partner agency locations and participate in
mobile outreach, which occurred in all 3 of our sites. Our use
of technology also allowed our recruiters to troubleshoot issues
in survey completion while participants self-administered the
survey. For example, some participants had issues with visual
impairment, making use of the electronic tablets difficult to
complete the survey in a timely manner; however, we were able
to adjust the font size to be easier to read for our participants.
Lastly, embracing the web-based Qualtrics platform for survey
completion across our 3 sites facilitated immediate review and
assessment of collected data and planning for additional data
collection needs. Project staff were able to immediately examine
patterns in data collection across the 3 sites to identify effective
recruitment strategies and modalities in each site (eg,
brick-and-mortar compared to mobile outreach). We were also
able to identify any potentially problematic questions within
the survey and to assess response patterns across the 3 sites to
identify participants simply skipping through the survey.

Tracking of our participants through web-based channels and
close communication with CBO staff members also ensured
that no individual participant completed the survey more than
once.

Limitations
This effort focused on people who use opioids and reside in 3
cities highly impacted by the US opioid crisis and who receive
services through the partnering organizations. We excluded
other groups who were known to underutilize HIV, hepatitis C
virus, and other prevention and treatment services, such as
individuals of 13-17 years of age and people who do not use
opioids. Despite efforts to develop an instrument with health
literacy in mind (eg, Flesch-Kincaid lower than the eighth-grade
reading level), we experienced some item response gaps as some
participants were unable to respond to some questions without
excessive clarification or direction from staff and were therefore
unable to provide complete survey responses. We also
encountered a handful of participants who were too
inexperienced with technology and could not successfully
complete the survey. Finally, across sites, there were other
competing ongoing research efforts among the target population,
often with higher or more desirable incentives for participation.

Conclusion
We successfully implemented our web-based, tablet-based
survey of opioid users across 3 urban sites by enrolling over
1300 unique client participants. Based on our eligibility
framework, over 1100 quality answers remained for use during
data analysis. Our project was able to successfully navigate
collaboration with local agencies to facilitate participant
recruitment. Forging relationships with each of the collaborating
entities ensured our successful implementation of the survey
across our 3 sites while navigating the needs for recruitment in
diverse settings (eg, brick-and-mortar facilities, mobile
outreach). We avoided any data duplication from participants
completing the survey more than once. Our project demonstrated
that recruitment of opioid users in these 3 cities is possible by
using appropriate methodology by reaching out to this
population in environments where they are comfortable, instead
of clinical settings. We believe investigators need to understand
the participant population and meet them where they are—not
only the physical location but also the provision of a survey that
is accessible to the various needs of this population. Lessons
learned for future in-person data collection with opioid-using
populations in these cities include considering staff-facilitated
administration of surveys to ensure comprehension of the survey
questions, thereby reducing the time needed for survey
completion. Additional technological advances could aid in the
implementation of the survey. Specifically, because some
participants identified low experience with technology (iPad)
and limited literacy level or visual impairments, the capability
of the survey to automatically be read to the participant, if they
choose, could have been immensely useful among this
population. Considering these adaptations when developing and
designing future research projects focused on this population
would facilitate efficient data collection and capture of quality
data.
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Abstract

Background: Multidisciplinary tumor boards play a pivotal role in the patient-centered clinical management and in the
decision-making process to provide best evidence-based, diagnostic, and therapeutic care to patients with cancer. Among the
barriers to achieve an efficient multidisciplinary tumor board, lack of time and geographical distance play a major role. Therefore,
the elaboration of an efficient virtual multidisciplinary tumor board (VMTB) is a key point to successfully obtain an oncology
team and implement a network among health professionals and institutions. This need is stronger than ever during the COVID-19
pandemic.

Objective: This paper presents a research protocol for an observational study focused on exploring the structuring process and
the implementation of a multi-institutional VMTB in Sicily, Italy. Other endpoints include analysis of cooperation between
participants, adherence to guidelines, patients’ outcomes, and patient satisfaction.

Methods: This protocol encompasses a pragmatic, observational, multicenter, noninterventional, prospective trial. The study’s
programmed duration is 5 years, with a half-yearly analysis of the primary and secondary objectives’ measurements. Oncology
care health professionals from various oncology subspecialties at oncology departments in multiple hospitals (academic and
general hospitals as well as tertiary centers and community hospitals) are involved in a nonhierarchic manner. VMTB employs
an innovative, virtual, cloud-based platform to share anonymized medical data that are discussed via a videoconferencing system
both satisfying security criteria and compliance with the Health Insurance Portability and Accountability Act.

Results: The protocol is part of a larger research project on communication and multidisciplinary collaboration in oncology
units and departments spread in the Sicily region. The results of this study will particularly focus on the organization of VMTBs,
involving oncology units present in different hospitals spread in the area, and creating a network to allow best patient care pathways
and a hub-and-spoke relationship. The present results will also include data concerning organization skills and pitfalls, barriers,
efficiency, number, and types with respect to clinical cases and customer satisfaction.

Conclusions: VMTB represents a unique opportunity to optimize patient management through a patient-centered approach. An
efficient virtualization and data-banking system is potentially time-saving, a source for outcome data, and a detector of possible
holes in the hull of clinical pathways. The observations and results from this VMTB study may hopefully be useful to design
nonclinical and organizational interventions that enhance multidisciplinary decision-making in oncology.
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Introduction

Background
Cancer treatment represents a complex pathway that requires
the collaboration of various health professionals with
complementary skills who work together to share the latest
evidence, pool their skills, and exchange information through
a regular communication flow [1,2]. Advances in technology
and the ability to customize patient treatment plans (target,
molecular medical therapy, and radiotherapy) have further
increased the need for regular interactions among health care
professionals from different areas of expertise [3]. Consequently,
in recent decades, scientific evidence has shown that cancer
care has increasingly been delivered through multidisciplinary
interventions by dedicated teams, the so-called multidisciplinary
tumor board (MTB) [4-6].

An MTB is a team of health professionals from different clinical
specialties who work together to decide the recommended best
clinical pathway for an individual patient [7]. MTB members
come together to discuss a series of patients to obtain a definitive
staging and formulate a shared treatment plan, considering the
best evidence available for personalized treatment options and
appropriate follow-up [8,9]. In most cases, the multidisciplinary
approach represents a useful platform for coordinating cancer
care, as well as a tool for optimizing decision-making and
communication processes [10,11]. As a result, MTBs improve
health care delivery and the expertise for participating health
professionals. Additionally, MTB participants share treatment
decisions and clinical responsibility [9,12].

Despite medical literature reporting that the concept of a
multidisciplinary approach to cancer treatment since 1975,
MTBs in real clinical practice started in the late 1990s. From
that point on, the multidisciplinary approach has continually
increased, becoming a milestone in many cancer centers and a
key moment in treatment plans and guidelines [13]. Over time,
MTBs have evolved into a more collaborative structure with
teams that pay attention to all aspects of cancer care, including
rehabilitation, nutrition, psychosocial needs, and long-term care
[12-16]. A few years ago, only a relatively small percentage of
patients with cancer benefited from MTB-based care. Such
teams currently exist for some cancers in some hospitals, but
this is not the rule. Moreover, the increasing complexity of
clinical pathways require a stronger interaction between
high-volume centers and low-volume and community centers
[13]. Before the creation of MTBs, patient evaluations were
often carried out, and the oncological treatments often provided,
by specialists without all the necessary knowledge and skills
related to a specific tumor in terms of continuous training and
adherence to local, national, and international guidelines [8,17].

The medical staff often worked in isolation owing to brief and
infrequent opportunities for discussion among doctors, surgeons,
radiologists, pathologists, and oncologists on the clinical,
radiological, and pathological characteristics of individual cases
[3,9]. Consequently, some factors relevant to decision-making
were overlooked and, in some cases, patients were not
considered for other treatments when these might have been
useful [18].

More recently, technological advances have made collaboration
between MTB members easier by introducing the possibility
of “virtual” meetings when team members are not available in
person [19,20]. Even if in recent years, the medical/scientific
community has rightly focused on the realization of MTB, with
the widespread perception that teamwork has brought benefits
to patients and improved decision-making, it is necessary to
focus on how MTBs function and how they will have to evolve
in light of the epochal changes that SARS-CoV-2 induces in
the short, medium, and long terms. Awareness of the actual
provision of oncological services can help guarantee the quality
of services in the face of growing demand and tight budgets
through planning of actions that improve the effectiveness or
efficacy of health care provision [21]. Thus, there is a need to
explore new systems that allow health services professionals to
access a multidisciplinary cancer treatment board regardless of
their geographic location [7]. Health information
technology (HIT) systems and solutions could easily solve many
of the problems related to access, collection, organization, and
presentation of information for MTBs, thus reducing the need
for digitization of workflows [18,22].

The recent COVID-19 pandemic has augmented the necessity
of reorganizing MTBs using virtual, commercially available,
web-based conversation platforms [23]. Therefore,
implementation of virtual multidisciplinary tumor boards
(VMTBs) is a research priority which requires, regardless of
technical aspects, a cultural, behavioral, and organizational
change [5].

Objectives
The aim of the project is to implement a regional wide clinical
and precision medicine network and to scale the available
platform to optimize its use in most common malignancies such
as urogynecologic, gastrointestinal, and thoracic cancers,
including breast neoplasms. Implementation of a cloud-based
platform may be thwarted by physician-related barriers such as
lack of time. The VMTB would support clinical
decision-making, reduce unwarranted practice variation across
a cancer care system, give comprehensive information about
the distance between patients and a potential treatment center,
and may avoid costs at hospitals lacking molecular diagnostic
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facilities. The VMTB would also facilitate the reporting of key
statistics about each case, which will allow administrators to
monitor key metrics such as improvements in time from
diagnosis to treatment and the impact on patient outcomes. 

Methods

Study Design
The study is a pragmatic, observational, multicenter, prospective
trial. The study’s programmed duration is 5 years, with a
half-yearly analysis of the achievement of primary and
secondary objectives.

Study Objectives
The aim of this study is to design and implement a VMTB based
on the concept of precision and molecular medicine, in the form
of a retrospective and prospective observational study within
the existing regional oncological care pathways. The study is
aimed at allowing: (1) participation of the health professionals
involved in oncology management regardless of their location,
device used, and timing, so that they can provide information
on cases at the best time for them; (2) participation in real-time
videoconferencing from anywhere; (3) access via a wide variety
of devices (phone, tablet, etc) regardless of the
videoconferencing platform; and (4) identification of the most
correct and efficient procedures and paths for effective
development of a VMTB that can represent an interhospital
network and community model.

Primary Endpoints
As stated above, the main objectives are the feasibility and
implementation of the VMTB program and acceptance of the
VMTB model. Accordingly, feasibility measures include the
following: (1) technical failures, defined as the inability to
connect institutions; (2) technical problems, defined as
equipment malfunction; (3) percentage of planned VMTB cases
completed; and (4) duration of VMTB case presentations. A
crucial aspect is the organization of all steps necessary to a
VMTB, such as identification of participating health
professionals, creation of working groups, intergroup
communication, interpersonal relations, empowerment of boards,
and implementation of the validated clinical pathways. The
degree of adhesion of the participants to the VMTB will be
measured using survey methods validated in accordance with
the Delphi methodology. Each match’s degree of confidence
will be measured using a 5-point Likert scale where higher
scores represent more positive responses.

Secondary Endpoints
Secondary outcomes include data on the use of the VMTB
program and its effectiveness in providing access to quality and
equitable cancer care, including timely and appropriate review
of the multidisciplinary assessment of each case. Timely
evaluation should occur within 2 weeks of the initial consultation
request. Adequate multidisciplinary evaluation requires
correspondence between all current oncology specialties/services
and those recommended for each type of cancer in accordance
with national and international guidelines (Italian Medical
Oncology Association, European Society for Medical Oncology,

and the National Comprehensive Cancer Network). Discussions
and recommendations on each patient’s diagnosis and treatment
will need to be in accordance with validated methods (Delphi
or Grade) and their adherence to evidence-based medicine,
national and international guidelines, or the availability of
practice-changing data obtained from recently published
controlled trials.

Population and Enrollment
Participation in the project will be extended, in a nonprejudicial
manner, to all the centers and professionals involved in a process
with subsequent steps. The VMTB will be divided in accordance
with disease types, including gynecologic cancers, urologic
disease, thoracic neoplasms, and gastrointestinal tumors. Patient
inclusion criteria are as follows: any patients with
solid malignancy, age > 18 years, written informed consent, and
processing of personal health information. Exclusion criteria
are life expectancy of less than 6 months, Eastern Cooperative
Oncology Group performance status > 3, and absence of
informed consent and privacy. A crucial recommendation for
the case presenters is to admit initially complex clinical cases,
and once the VMTB is functional, to expand the presentation
to all possible cases.

Definition of Models of Care 

Bulk Consulting Service
The standard method for treating cancer involves a series of
specialists, one at a time. This method is least efficient as it
often takes weeks or even months outside of large
comprehensive cancer centers to complete visits with all
consultants involved. This approach usually does not translate
into the correct choice of the treatment plan. This approach may
result in a nonguideline strategy or, equally negatively, the
appropriate treatment sequence may be wrong. Each specialist
uses his/her usual methodology throughout the patient care
process. Patient satisfaction is low, as the patient travels to
multiple locations multiple times and over a long time.

Centralized Model of Multidisciplinary Intervention
(Tumor Boards)
An MTB can be a useful structure to offer integrated
multi-specialist assistance. If patients present prospectively,
different specialists may reach a consensus on the treatment
plan and its sequence before initiating any treatment. The
timeliness of care may not be solved with this approach, as
patients still have to make multiple visits for an extended time.

Role of Telemedicine
One of the difficulties of the current case preparation process
is that the information is typically contained in heterogeneous
or isolated hospital databases or source systems (electronic or
paper medical records, laboratory information systems, image
archives, and reporting systems). The data must be collected
from each network and compiled in a presentable format in
anticipation of a tumor board. Professionals generally assemble
this information distinctly from each other. This path creates
potential communication errors, missing or duplicated
information, or not using the most current information. These,
and other potential workflow inefficiencies, often lead to an

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e26220 | p.201https://www.researchprotocols.org/2021/9/e26220
(page number not for citation purposes)

Blasi et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


increase in team workload. They can also extend the time it
takes to determine which treatment plan is most appropriate for
a patient. The structural and functional components associated
with tumor boards may also contribute to conflicting evidence
and opinions regarding the impact of tumor boards on patient
care or improvement in outcomes. Telemedicine has proved
particularly useful for conducting multidisciplinary meetings
and a solution to the downsides of standard model workflows.

Work Teams/Analysis Units
VMTB members and their attendance at meetings depend on
several factors, including the hospital’s size and the type of
cancer. In general, the health professionals eligible to participate
as members of VMTB are medical oncologists, radiation
oncologists, surgeons, radiologists, pathologists, molecular
biologists, organ or branch specialists, nurse specialists, nuclear
medicine specialists, doctors of palliative medicine, general
practitioners, experts in palliative care, pharmacists, and expert
psychologists. Various professionals with a background in
related health disciplines, such as genetic consultants,
nutritionists, and plastic surgeons, may also be solicited. Finally,
there may also be experts specialized in other fields relevant to
the site of the tumor. Within VMTBs, identified leaders
coordinate the organization of clinical services and management.
Members have the level of expertise and specialization required
by the MTB in question.

Core Groups
The core groups discuss organization and implementation
strategies of each VMTB. As a minimum, the core group
includes a surgeon oncologist, a radiotherapist oncologist, a
medical oncologist, a radiologist, and a pathologist, and a
team/case manager. The core team should include any other
crucial professional figure in accordance with the type of
disease. There will, therefore, be a core group for each type of
cancer.

Extended Groups and Participation
In accordance with the previous statement, the VMTB may
include more participants of the same categories as indicated
above, who can actively participate in the discussion and
drafting of each case’s minutes. Many other interested
individuals can participate through organized communication.
All VMTB members must include and schedule time in their
work plans to prepare for and attend scheduled meetings. Core
members are present for discussion of all cases where their input
is required. The VMTB maintains an attendance register.
Extended members and nonmembers participate in patients’
cases that are relevant to them.

Leadership
A leader/chairperson of the VMTB and a replacement (for
whenever required) need to be identified. The MTB president
is responsible for organizing and running the MTB meetings.
They prepare and agree over an agenda with the VMTB
coordinator; ensure that the meeting agenda is appropriate and
take action if not appropriate; ensure that all relevant cases are
discussed and prioritized if necessary; ensure that all team
members are included in the discussions; ensure that
conversations are focused and relevant; ensure good

communication and an environment conducive to discussion;
promote evidence-based and patient-centered recommendations;
ensure that the eligibility for recruitment of relevant clinical
trials is considered; ensure that the patient’s current discussion
and treatment/care plan recommendations are complete before
discussion on the next patient begins; provide recordings of
relevant demographic and clinical data; ensure that
recommendations are clearly summarized, recorded, and passed
on to the patient, family doctor, and clinical team within a
locally agreed time period; and ensure that it is clear who will
take subsequent action after the meeting while also ensuring
that the meeting is recorded.

Team Governance
Organizational support for VMTB meetings and membership
are based on the premise that VMTB is the model adopted to
provide effective and high-quality cancer care, with adequate
funding/resources in terms of people, time, equipment, and
facilities for VMTB meetings to operate effectively. Participants
examine the annual assessments of MTBs and intervene on the
problems that have emerged by taking appropriate improvement
action.

The purpose of the VMTB and the expected results are clearly
defined locally. The policies, guidelines, or protocols agree to
evaluate how the MTB functions, who are the main members
and extended members, the roles of the members, how members
should work together, how changes in clinical practice are to
be managed, and how postmeeting communications take place
(ie, among patients, general practitioners, and other clinical
colleagues). VMTB policies, guidelines, and protocols are
reviewed at least annually. Systems are put in place for recording
MTB recommendations with respect to actual treatment and
warn the VMTB if treatment recommendations are not adopted,
along with the underlying reasons. The VMTB regularly has
the opportunity to review and take action on the experience
gained in these cases and ensure that the MTB is alerted in case
of serious adverse events of treatment and unexpected
events/death. The MTB regularly has the opportunity to review
and act on the experience gained in these cases.

Clinical Decision-making
A set of minimum agreed upon information is provided during
the meeting; that is, information that the VMTB needs to make
informed recommendations, including diagnostic data
(pathology and radiology), clinical information (comorbidities,
psychosocial needs, and specialist and palliative care), and the
patient’s medical history, points of view, and preferences. It is
important that all data collected locally is digitized upon
collection. VMTB considers all treatment options clinically
appropriate for a patient, even those that cannot be offered or
delivered locally. Case presenters have to clarify which patients
should be discussed, the clinical issues to be addressed, what
information must be available for the discussion to be
efficacious, and when to refer a patient to another MTB.

The MTB has access to a list of all current and relevant clinical
trials (including enrollment criteria) and considers patients’
eligibility for appropriate clinical trials as part of the
decision-making process. Current standard treatment protocols
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are used whenever appropriate. The patient’s demographic
profile and comorbidities are always considered. Psychosocial
and supportive issues and patient palliative care are always
considered. Patient views, preferences, and needs are an integral
part of information during decision-making.

The clinical decision-making process translates into clear
recommendations on the treatment/care plan resulting from the
meeting. These recommendations ought to be evidence-based,
patient-centered, in line with standard treatment protocols, or
with a documented deviation. If a recommendation cannot be
made owing to incomplete data or if new data become available
at a later stage, it should be possible to report the patient’s case
to the MTB for further discussion. MTBs collect social and
clinical demographics. They review these data periodically to
reflect on equal access to active treatments and other aspects of
the clinical journey, care, and experience of health care
professionals. 

Virtualization and Cloud-Based Sharing
One of the difficulties of the current MTB management process
is the retrieval of clinical information, which is usually found
in heterogeneous hospital databases, often difficult to access,
or in closed-source systems (eg, electronic medical records,
laboratory information systems, image archiving and
communication systems, and paper-based medical records). The
data must be collected by each system and compiled in a
reproducible format, in anticipation of an MTB. Doctors
generally assemble this information distinctly from each
other. This creates difficulties such as potential communication
errors, omitted or duplicated information, or failure to use the
most up-to-date information. These, and other potential
inefficiencies in workflow caused by the current process of the
VMTB, often lead to an increased burden on the MTB. They
can also extend the time it takes to determine which treatment
plan is most appropriate for a patient. The structural and
functional components associated with VMTB may also
contribute to conflicting evidence and opinions regarding the
impact of VMTB on patient care and improvement of outcomes.

It is increasingly evident that HITs can help transform current
data collection processes into more efficient and effective ones
by providing the right tools.

Several HIT solutions have been analyzed in the scientific
literature to improve patient data management and the workflow
associated with multidisciplinary access and use. However, each
of them often addresses a specific aspect of the process or deals
only with 1 particular application area. Information technology
solutions and strategies should easily overcome many of the
difficulties of accessing, collecting, organizing, and presenting
information for MTBs. In this perspective and in light of the
epochal changes that the COVID-19 pandemic induces in the
organizational and clinical governance processes, it is
advantageous and timely to place HIT systems oriented to
virtualization of meetings and cloud-based sharing of clinical
information. These systems, which are already active in various
research fields and medical/scientific training can now be
remodeled and integrated, serving as the solution to MTB’s
efficiency and efficacy bias already described. 

Data Collection
Clinical data will be completely anonymized and will include
patients’ characteristics, including demographics and disease
characteristics when including oncologic and medical history,
planned treatment, and clinical outcomes observed during
treatments. Feasibility data related to the VMTB will record
technical breakdowns and accidents, barriers to participation,
pitfalls in discussion, number and type of completed planned
cases, average duration of case submission, and customer
satisfaction. Effectiveness relative to VMTB will consider cases
that meet appropriate multidisciplinary assessment, the average
time from the consultation request to the presentation of cases,
and the number and percentage of cases with timely assessment
within 14 days.

The data acquisition sources (ie, the ability to acquire relevant
information in a timely manner) are available to the VMTB. Key
information that directly affects decisions (staging, performance
status, and comorbidities) is gathered by the VMTB. The data
collected during the meetings are analyzed and returned to the
participants to support the knowledge and learning process. The
participants in internal and external audits of processes, results,
and reviews audit the data (eg, to confirm that treatment
recommendations correspond to current best practices and to
consider recruiting test personnel), taking action to alter the
practice where necessary. VMTBs consider and evaluate clinical
outcome data as they become available; for example,
through peer reviews and clinical target groups.

Statistical Analysis
Statistical analyses will include descriptive statistics and
comparisons made using the chi-square test or the Fisher exact
test and Wilcoxon 2-sample test, as appropriate. A P value of
<.05 will be considered significant.

Ethics and Dissemination
This study was approved by the Ethical Commission Palermo
1, Policlinic Paolo Giaccone, University of Palermo, Italy
(n°06/2020; June 24, 2020). Additional approval will be
obtained from the participating organizations or oncology units
accordingly to current regulations released by the Italian Agency
for Medicine.

Results

In the real world, face-to-face MTB boards are often poorly
attended by many health care professionals. Several reasons
may explain poor adherence to MTB such as lack of time,
personal activity in several hospitals, emergencies, or familial
and personal issues such as vacations. These aspects represent
barriers to review all tumor cases in many hospitals or adequate
participation in the MTB. Too often, these issues prevent tumor
boards from reviewing all the hospital’s cancer cases or attaining
full multidisciplinary participation on each case. 

New cloud-based platforms are specifically designed to facilitate
VMTB functioning and therefore overcome some of the
problems detected in the past, such as asynchronous participation
in case discussion often limited to written chats, as previously
reported [20]. On the other hand, VMTBs allow synchronous
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participation of as many participants as needed from different
places. A particularly important aspect of VMTB concerns
handling of patient data in consideration of privacy laws and
regulations. Therefore, any web-based system used for VMTB
must assure anonymity and secure handling of sensitive data.
Many platforms currently available for web-based meetings
have several built-in features if used adequately. Other possible
concerns include reimbursement, interruption of workflow, and
efficiency.

VMTB present several advantages since participating physicians
may attend the real-time web-based meetings from any location,
using a wide range of devices such as cellphones, tablets, and
personal computers. VMTB-based networks may allow health
professionals to participate even if they work from places distant
from high-volume referral centers. These meetings also represent
a unique opportunity to share cases with MTB at larger
institutions or an effective teaching tool for students, residents,
and newer health care professionals.

The participating hospitals were able to handle thrice as many
patients through the tumor board process. Furthermore, although
the number of tumor board cases tripled, they saw a higher level
of participation across specialties than they did with the physical
tumor board meetings. The virtual tumor board solution also
gathers key statistics about each case, which will allow
administrators to monitor key metrics, including improvements
in time from diagnosis to treatment and the impact on patient
outcomes. 

Discussion

Barriers
Swedish health care professionals who participated in 7 national
VMTBs responded to a questionnaire that assessed key enabling
factors, barriers, and opportunities for MTM development.
Conventional content analysis was performed to identify
thematic categories on the basis of free-text responses.
Participants’ perspectives could be assigned into 3 categories:
a national arena with potential for comprehensive knowledge
and collaboration, prerequisites for decision-making, and
organization and responsibilities. These categories consisted of
9 subcategories that referred to, for example, collective
competence, resources, clinical research, case discussion,
meeting climate, patient-related information, MTB potential,
referrals, and technical insufficiencies [24].

A study at the Dana-Farber Cancer Institute, presented at the
American Society of Clinical Oncology Annual Meeting (May
29-31, 2020), showed that physicians who are more adherent
to tumor board participation are more likely to be in an academic
setting, have a PhD, or navigate fewer pathways.

Tumor board preparation and session conductance need
significant amount of time spent by physicians, and face-to-face
MTB are usually very burdensome, often causing MTBs to fail
to review all cases. Even if MTBs within high-volume centers
are time-consuming and sometimes considered fastidious duty,
overloaded oncologists may have difficulties in taking pace
with the overwhelming increase in biomolecular knowledge.
Therefore, precision medicine MTBs represent an efficient
platform to stay informed and receive high-level consultations.

Conclusions
The need for newer and fast tools to implement tumor boards
is mandatory. The COVID-19 pandemic has boosted the use of
virtual platforms for meetings, advisory boards, congresses, and
tumor boards worldwide. However, studies reporting data on
specifically designed VMTBs are very few in the medical
literature.

A study carried out at Georgetown University modeled their
virtual molecular tumor boards to assess the genetic makeup,
previous treatment history, and other factors for 1725 patients
with cancer [25]. The team compared VMTB outcomes with
reviews by 5 gastrointestinal oncologists who performed tumor
board duties in a conventional manner. The time spent assessing
appropriate trials was noted, and the results were compared to
those obtained virtually. From 2014 to 2017, researchers
increased the number of patients reviewed from 46 to 622.
VMTB allowed patient assessment for participation in 2000
clinical trials, use of 1000 agents, and more than 200 genetic
profiles suitable for innovative treatments. Patients with
pancreatic cancer represented only 5% of cases. Pishavaian et
al [26] recently reported the development of a scalable,
cloud-based, molecular VMTB platform, which allowed
generating a treatment plan for 1725 patients, who were referred
by advocacy organizations. Treatment decisions were generated
in a few days on the basis of their genetic profile and a
biomarker/treatment association in accordance with previous
medical history, updated guidelines, and eligibility criteria for
trial enrollment. This platform included a knowledge-based
scoring model, rules engine, an asynchronous virtual chat room,
and a reporting tool to elaborate shared and consensus reports
especially for off-label treatment or clinical trial enrollment.
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Abstract

Background: Obsessive-compulsive disorder (OCD) is a debilitating and prevalent anxiety disorder. Although the basal ganglia
and frontal cortex are the brain regions that are most commonly hypothesized to be involved in OCD, the exact pathophysiology
is unknown. By observing the effects of proven treatments on brain activation levels, the cause of OCD can be better understood.
Currently, the gold standard treatment for OCD is cognitive behavioral therapy (CBT) with exposure and response prevention.
However, this is often temporally and geographically inaccessible, time consuming, and costly. Fortunately, CBT can be effectively
delivered using the internet (electronically delivered CBT [e-CBT]) because of its structured nature, thus addressing these barriers.

Objective: The aims of this study are to implement an e-CBT program for OCD and to observe its effects on brain activation
levels using functional magnetic resonance imaging (MRI). It is hypothesized that brain activation levels in the basal ganglia and
frontal cortex will decrease after treatment.

Methods: Individuals with OCD will be offered a 16-week e-CBT program with exposure and response prevention mirroring
in-person CBT content and administered through a secure web-based platform. The efficacy of the treatment will be evaluated
using clinically validated symptomology questionnaires at baseline, at week 8, and after treatment (week 16). Using functional
MRI at baseline and after treatment, brain activation levels will be assessed in the resting state and while exposed to anxiety-inducing
images (eg, dirty dishes if cleanliness is an obsession). The effects of treatment on brain activation levels and the correlation
between symptom changes and activation levels will be analyzed.

Results: The study received initial ethics approval in December 2020, and participant recruitment began in January 2021.
Participant recruitment has been conducted through social media advertisements, physical advertisements, and physician referrals.
To date, 5 participants have been recruited. Data collection is expected to conclude by January 2022, and data analysis is expected
to be completed by February 2022.

Conclusions: The findings from this study can further our understanding of the causation of OCD and help develop more
effective treatments for this disorder.

Trial Registration: ClinicalTrials.gov NCT04630197; https://clinicaltrials.gov/ct2/show/NCT04630197.
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Introduction

Background
Obsessive-compulsive disorder (OCD) is a debilitating anxiety
disorder that can manifest in a multitude of ways in individuals.
The 1-year prevalence of OCD in Canada is estimated to be
1%, with approximately 3% of the population developing OCD
at some point in their lifetime [1,2]. Although OCD is a
relatively widespread disorder, there have been no conclusive
results to date regarding its etiology [3,4]. By understanding
the pathophysiology of OCD better, more targeted treatments
can be developed, leading to higher effectiveness in symptom
reduction.

OCD is categorized as having obsessions and compulsions that
an individual is unable to control. These obsessions,
uncontrollable thoughts, impulses, and ideas are found to be
disturbing and anxiety-inducing by the individual. These
obsessive thoughts and/or feelings typically manifest in the
impaired control of mental activities, thoughts related to
uncertainty, sex, violence, or contamination [5]. The
differentiation between obsessive thoughts and common worries
is that obsessive thoughts tend to be more unrealistic and involve
more imagery than common worries [6]. Moreover, individuals
are often embarrassed by their obsessive and intrusive thoughts
and can be reluctant to share these thoughts with their health
care provider [7]. Individuals with OCD often combat their
obsessive thoughts with compulsive, uncontrollable behaviors.
These repetitive behaviors or cognitive acts are intended to
reduce the individual’s anxiety. Common compulsions include
hand washing, and checking and rigid maintenance of order and
organization. Common cognitive acts include counting numbers,
praying, and repeating words or phrases over and over. Much
as with their obsessive thoughts, individuals with OCD are
commonly embarrassed by their compulsions and recognize
that they are irrational but are still unable to refrain from them.
Although obsessions can occur exclusively without compulsions,
it is more likely that they co-occur [8]. Individuals with OCD
may also use neutralizations, which are repeated thought
processes that help prevent, cancel, or reverse the feared
consequences and distresses caused by their obsession [9,10].
Individuals with OCD often present with a concern that their
thoughts will lead to negative consequences for themselves
and/or others. An additional common trait in individuals with
OCD is thought-action fusion, the belief that thinking of an
event increases the probability of its occurrence and that a
thought is a moral equivalent of the physical act [11,12].

Cognitive behavioral theories explain the etiology of OCD, with
obsessive behaviors serving as a distraction from unpleasant
thoughts [10]. It is theorized that abnormal obsessions are caused
by problematic reactions to feelings of elevated responsibility,

leaving the individual feeling a need to always be competent to
avoid criticism. The compulsive behaviors then serve as an
avoidance tactic [9,13]. These compulsions reinforce
maladaptive behaviors and eventually develop to outlast the
cause of the anxiety-inducing thought [14]. By using these
theories and observing the effect of treatment on cognitive
anxiety processes at a neural level, we can understand the
etiology of OCD better.

Cognitive behavioral therapy (CBT) with exposure and response
prevention (ERP) is regarded as the first-line treatment for OCD
[15-20]. CBT targets thoughts and cognition, the central
components of OCD [20,21]. The structure of CBT for OCD is
similar to that of CBT for depression or anxiety, with the
addition of ERP being the biggest difference [22-24]. Although
CBT is a frontline treatment, it is costly, time consuming, and
often inaccessible. Therefore, more accessible and efficient
interventions must be developed without sacrificing the quality
of care. Fortunately, web-based mental health interventions
have become increasingly popular, and the electronically
delivered CBT (e-CBT) is a feasible option [25]. Research
suggests that e-CBT is an effective and feasible intervention
for OCD, with results comparable with those of in-person
treatment [25-30]. However, e-CBT is often implemented in
nonscalable and nonsecure formats. Moreover, the efficacy of
CBT, along with new and innovative treatments, can be
drastically improved if we understand better how treatment
affects neural anxiety processing and cognitive functioning
[16-21].

The most implicated regions of the brain associated with OCD
are the basal ganglia and frontal cortex. These regions are
involved in motor control and cognitive functioning tasks,
including abstract reasoning, planning, decision-making, and
inhibition [31-33]. More specifically, the basal ganglia play a
large part in selecting movements that have positive effects
[34]. In the case of OCD, it is hypothesized that this could play
a part in the compulsive behaviors of OCD (eg, hand washing
if cleanliness is an obsession). The frontal cortex is involved in
reward processing, impulse control, and emotional control,
among others [35]. If we learn that treatment can alter a patient's
anxiety processing at a neural level, more specific treatments
targeting these brain regions can be developed. Research
suggests that in patients with OCD, the basal ganglia and frontal
cortex are hyperactive at rest, becoming further activated while
in anxiety-inducing situations [13,15,33,36-43]. These studies
also suggest that successful treatment may result in a partial
reversal of this hyperactivation [13,15,33,36-43]. However,
more work is needed to make definitive conclusions on whether
activation levels decrease following successful treatment.

By measuring brain activation levels while exposed to neutral
and anxiety-inducing stimuli pre- and posttreatment, the
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suspected regions involved in OCD pathology (basal ganglia
and frontal cortex) can be observed. These findings can help
explain whether effective treatment results in changes in
activation levels, whether symptom improvement is correlated
to changes in activation levels, and if there are any treatment
response identifiers. If anxiety processing in patients with OCD
can be understood better, more targeted treatments altering these
specific parts of cognition can be developed. It is currently
unknown whether e-CBT can produce these effects.

Objectives
This study will use a 16-week e-CBT with an ERP program to
evaluate the effects of treatment on activation levels in the basal
ganglia and frontal cortex. Previous findings suggest that CBT
may partially reduce the hyperactivation commonly observed
in OCD. It is hypothesized that successful treatment will
decrease activation levels in the basal ganglia and frontal cortex
when comparing pre- and posttreatment levels in patients with
OCD with controls. This study will aim to address the following
questions:

1. Does successful treatment result in changes in brain
activation levels in regions involved in neural anxiety
processing at the core of OCD pathology?

2. Is there a correlation between changes in symptom severity
and changes in brain activation levels after treatment in
patients with OCD?

3. What is the efficacy of this e-CBT program compared with
control in improving symptoms, quality of life, and levels
of functioning in patients with OCD?

4. What is the feasibility and user experience of this e-CBT
program from a patient perspective?

Methods

Design
A nonrandomized pilot study design will be used with all
participants receiving 16 weekly sessions of e-CBT. Functional
magnetic resonance imaging (fMRI) will be conducted at
baseline and posttreatment to evaluate activation level changes
in the basal ganglia and frontal cortex. Clinically validated
symptomology questionnaires will be used to evaluate treatment
efficacy. In addition, qualitative interviews will be conducted
to gather personal demographic information as well as
information regarding participant experience while using the
web-based psychotherapy clinic. The pilot study has been
registered on the ClinicalTrials.gov Protocol Registration and
Results System (NCT04630197). In addition, ethics approval
has been obtained from the Queen’s University Health Sciences
and Affiliated Teaching Hospitals Research Ethics Board
(HSREB; file number 6031276).

Participants
Participants (n=10) will be recruited from family medicine and
psychiatric clinics at Queen’s University and Kingston Health
Sciences Centre sites (Hotel Dieu Hospital and Kingston General
Hospital) in Kingston, Ontario, Canada. In addition, local and
social media advertisements will be used. Participants will be
enrolled in the study based on referrals from outpatient clinics
and family doctors as well as self-referrals. Those invited and

interested in participating will have the study protocol explained
and an evaluation done by a psychiatrist on the research team
through a secured video appointment. Participants will be
evaluated for a diagnosis of OCD based on the Diagnostic and
Statistical Manual of Mental Disorders, 5th Edition [44]. After
a diagnosis of OCD is confirmed and the participant is given
written and verbal instructions on how to participate in the study,
informed consent will be obtained.

The inclusion criteria include the following: between the ages
of 18 and 65 years at the start of the study, a diagnosis of OCD
according to the Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition criteria, competence to consent to
participate, ability to speak and read English, and consistent
and reliable access to the internet. Exclusion criteria include
the following: having any metal implants or additional factors
deemed not safe for an MRI scan, active psychosis, acute mania,
severe alcohol or substance use disorder, and/or active suicidal
or homicidal ideation. In addition, if a participant is currently
receiving another form of psychotherapy, they will be excluded
from the study.

Therapy
Weekly sessions of e-CBT will be conducted through the Online
Psychotherapy Tool (OPTT; OPTT Inc), a secure, web- and
cloud-based mental health care delivery platform. These
web-based sessions will consist of approximately 30 slides and
interactive therapist videos, with 16 modules in total (1 module
per week). The content and format of these web-based sessions
will mirror in-person CBT for OCD. The connection between
thoughts, behaviors, emotions, physical reactions, and the
environment will be a focus. Moreover, mindfulness, body
scanning, self-care, goal setting, thinking errors, the 5-part
model, and thought records will be employed as techniques for
participants. ERP will be incorporated into the e-CBT program
as this is the first-line route of treatment. Slides will highlight
different topics each week and include general information, an
overview of skills, and homework on that topic. The homework
included in each session will be submitted through OPTT and
reviewed by therapists, with personalized feedback provided
within 3 days of submission. Weekly homework submission
for feedback will be mandatory before being eligible for the
next session. After each completion of the e-CBT program,
participants will be interviewed to investigate their experience
using OPTT and their perceptions of how the treatment went.
OPTT can be accessed from a variety of devices (ie, desktop
computers, laptops, cell phones, and tablets) and internet
browsers.

Imaging
All imaging will occur at the Queen’s University MRI Facility
in Kingston, Ontario, Canada, using a Siemens 3.0 Tesla
whole-body MRI scanner with a standard coil. Scans will occur
at baseline (pretreatment) and after week 16 (posttreatment).
During scanning, participants will lie on the scanning table on
their backs, with their heads resting on a foam pad to reduce
movement. Scanning appointments will take approximately 1
hour per session.
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Anatomical reference images will be captured initially. After
this, fMRI scans will occur while participants are shown neutral
images and anxiety-inducing images (eg, dirty dishes if
cleanliness is an anxiety-inducing concept for a specific
participant). The frontal cortex and basal ganglia will be the
focus of the imaging procedures as their activation level changes
during neural anxiety processing are of interest. These images
will be standardized pictures from the International Affective
Picture System [45]. This large database allows for the selection
of images that relate to a variety of obsessions representative
of each participant (ie, contamination, sexual thought intrusion,
and fear of harm). Each set of pictures will be individually
tailored to each participant. These images will be selected ahead
of time by a psychiatrist on the research team and will be related
to the participant’s anxieties. Participants will be shown a total
of 40 images (20 neutral and 20 anxiety inducing; R=0.5) during
the fMRI sessions. There will be four fMRI runs that occur in
the following sequence:

1. 5 neutral images (30 seconds per image, 5 seconds break
between), 1-minute break, 5 anxiety-inducing images (30
seconds per image, 5 seconds break between), 1-minute
break.

2. 5 new anxiety-inducing images (30 seconds per image, 5
seconds break between), 1-minute break, 5 new neutral
images (30 seconds per image, 5 seconds break between),
1-minute break.

3. 5 new anxiety-inducing images (30 seconds per image, 5
seconds break between), 1-minute break, 5 new neutral
images (30 seconds per image, 5 seconds break between),
1-minute break.

4. 5 neutral images (30 seconds per image, 5 seconds break
between), 1-minute break, 5 anxiety-inducing images (30
seconds per image, 5 seconds break between).

The images will be shown in sets (groups of 5 images) as
opposed to intermingled, in the hope of producing a more
sustained emotional state and allowing for more distinct
readings. The ordering of the image sets repeats halfway through
(back to back of the anxiety-inducing images in the example
above) to control for participants becoming accustomed to image
ordering. This ordering will be changed for every participant
(ie, the next participant would receive back-to-back sets of the
neutral imaging in runs 2 and 3) to counterbalance the imaging
sets. Participants will be prompted to imagine themselves in the
situations described in the images. The images will appear on
a screen that will be reflected into the scanner for participants
to view. A 0.5% blood oxygen level–dependent (BOLD) signal

difference between conditions (P<10-6) will be considered a
detectable change (eff=0.005).

Anatomical reference images will be captured with the
phase-encoding direction collected sagittally from anterior to
posterior. These images will be captured with T1-weighted
high-resolution magnetization-prepared rapid acquisition

gradient-echo (MPRAGE) images with 0.8×0.8×0.8 mm3

isotropic voxels. These images will use a 256 mm field of view
(FOV), 2500 ms repetition time (TR), 2.22 ms echo time (TE),
8-degree flip angle, and a 320×320 mm matrix resolution.
Following this, T2*-weighted gradient-echo echo-planar

imaging (GE-EPI) with 3.0 mm 3.0×3.0×3.0 mm3 isotropic
voxels will be used for the stimuli-exposed image acquisitions
in an anterior-to-posterior direction. These images will use a
192 mm FOV, 2500 ms TR, 28.4 ms TE, 90-degree flip angle,
and a 64×64 mm matrix resolution. A multiband acceleration
factor of 2 will be used, with 170 volumes being captured.
Following the GE-EPI imaging, two short spin-echo field map
scans will be captured from anterior to posterior and then
posterior to anterior. These images will use a 192 mm FOV,
8000 ms TR, 66.0 ms TE, 90-degree flip angle, 180-degree
refocus flip angle, and a 64×64 mm matrix resolution. All
images will use a bandwidth of 1500 Hz.

The GE-EPI fMRI data will be mapped to a nondistorted set of
gradient-echo images from the same participant to undistort the
images. Next, the nondistorted gradient-echo images will be
mapped onto the T1-weighted MPRAGE image. Finally, the
T1-weighted MPRAGE will be mapped to the Montreal
Neurological Institute standardized brain template. In doing
this, the GE-EPI fMRI data will be mapped to the Montreal
Neurological Institute template with maximum accuracy.

Training
All therapists will be research assistants trained in psychotherapy
delivery and supervised by a psychiatrist on the research team
who has extensive experience in electronically delivered
psychotherapy. All therapists are taught the standard care
pathway, the aim, and the content of each therapeutic session.
Moreover, they will be provided with sample homework from
a previous patient and will be asked to provide feedback as
practice. Feedback templates will vary between sessions, and
therapists will personalize each template for each patients’
homework. Before feedback is submitted to the participant, it
will be read, edited, and approved by a psychiatrist on the
research team. Training will occur through webinars and
exercises with feedback.

Outcomes
The primary outcome measure will be changes in activation
levels of the basal ganglia and frontal cortex. This will be
collected through detectable changes in BOLD values from the
fMRI scans at baseline and after treatment (week 16). The
secondary outcomes will be changes in symptom severity,
quality of life, and functioning. Changes in symptom severity
will be evaluated using clinical symptomatology questionnaires
(Yale-Brown Obsessive-Compulsive Scale and
Obsessive-Compulsive Inventory, Revised) [46,47]. Changes
in quality of life will be measured using the Quality of Life and
Enjoyment Questionnaire [48]. Changes in levels of functioning
will be measured using the Sheehan Disability Scale [49]. All
questionnaires will be collected directly through OPTT at
baseline, after session 8, and after treatment (week 16).

Compliance
As with all mental health disorders, treatment compliance is
always an area of focus when designing interventions.
Participants will have the importance of treatment compliance
explained to them during the informed consent process, and
participants will need to submit their homework assignments
through OPTT before gaining access to their next treatment
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session. From a previous meta-analysis conducted, the estimated
completion rate from in-person psychotherapy is approximately
75% [50]. Additional meta-analyses found treatment adherence
for web-based psychotherapy to be between 61% and 66%, with
no significant difference with in-person psychotherapy [51-53].
A study investigating the efficacy of a 10-session e-CBT
program for OCD had a mean completion of 7.28 sessions [54].
Previous research using OPTT indicated participants completed
>8 sessions on average, with over half the participants
completing all sessions. In a previous project using e-CBT for
patients with generalized anxiety disorder, 90% of participants
completed 10-12 weeks of the 12-week program, with over 75%
of participants being retained for a 12-month follow-up [55].

Analysis
For the fMRI data (primary outcome), a 0.5% (eff=0.005)
change in BOLD hemodynamic response function will be
considered a detectable signal variation between conditions

(P>10-6). An estimated paradigm of expected BOLD response
will be created, and the correlation between the real and
expected signals will be calculated to detect noise using a
general linear model:

S = βX + e (1)

Where, S is the time-series data, β is the value for each pattern,
X is the set of time-series patterns, and e is the residual.

The general linear model will provide a β value for each term
in the basis set and a T value for each β. The BOLD contrast
between conditions and scanning periods (ie, baseline and
posttreatment) will be evaluated using one- and two-sample t
tests, assuming a normal distribution. Realignment parameter
regressors for the testing conditions will be implemented
[56,57]. The effects at each condition will enter a group analysis
using a random-effects model [58]. A group-level comparison
will be used with small volume corrections performed for
multiple comparisons using the Gaussian random field theory.
Missing data points can be accounted for in the analysis with
usable questionnaires and fMRI data using the linear model.

For questionnaire scores (secondary outcomes), a linear
regression analysis will be used to identify variables associated
with the outcome measures while controlling for demographic
variables (ie, age, sex, and gender). Repeated measures of
analysis of variance will be conducted to determine changes
between periods (ie, baseline, week 8, and posttreatment)
questionnaire scores. Greenhouse-Geisser adjustment for
F-statistics and Bonferroni corrections for multiple comparisons
will be used. Using the Pearson correlation coefficient, the
correlation between the questionnaire score and the BOLD
response will be evaluated. Data outliers will be defined as SD
3.29 away from the mean on scores.

Skew and kurtosis will be analyzed assuming a normal
distribution in the questionnaire and fMRI data at all collection
time points. Age, gender, and sex variables will be considered
in knowledge creation and translation.

Ethics and Privacy
The pilot study has received approval from the Queen’s
University HSREB. Only the care providers involved in the

care of the participants will have access to their information.
Participants will only be identifiable by an identification number
on the OPTT platform, and hard copies of consent forms with
participant identity will be stored securely on site and will be
destroyed 5 years after study completion. Only anonymized
data will be provided to the analysis team members. OPTT is
compliant with the Health Insurance Portability and
Accountability Act, Personal Information Protection and
Electronic Documents Act, and Service Organization Control–2.
In addition, all servers and databases will be hosted in the
Amazon Web Service Canada cloud infrastructure, which is
managed by Medstack to assure all provincial and federal
privacy and security regulations are met. OPTT will only collect
anonymized metadata to improve its service quality and provide
advanced analytics to the research team. OPTT will encrypt all
data, and no employee will have direct access to patient data.
All encrypted backups will be kept in the S3 storage dedicated
to Queen’s University.

Results

The pilot study is currently being conducted at Queen’s
University by the members of the research team. This pilot study
is a nonrandomized, open-label study, with a plan for an
expanded randomized controlled trial in the future. The pilot
study received ethics approval from the Queen’s University
HSREB in December 2020, and the recruitment of participants
began in January 2021. To date, 5 participants have been seen
for initial assessments and enrolled in the study. Data collection
is anticipated to begin in June 2021, with collection and analyses
concluding by January and February 2022, respectively. All
reporting of this study has been and will be in accordance with
the GUIDance for the rEporting of intervention Development
(GUIDED) and Template for Intervention Description and
Replication (TIDieR) reporting checklists and guides
(Multimedia Appendices 1 and 2).

Discussion

This trial can contribute to creating more effective treatments
for OCD in the future. However, to do this, we must understand
the pathophysiology and etiology of this debilitating and
prevalent condition. Currently, there is no conclusive
information on the pathophysiology and etiology of OCD.
Although CBT with ERP is currently the frontline psychotherapy
for OCD, the efficacy of this treatment, along with those of new
and innovative ones, can be improved drastically if we
understand better how treatment affects neural anxiety
processing and cognitive functioning. By measuring brain
activation levels during exposure to neutral and anxiety-inducing
stimuli pre- and posttreatment, we can observe how the
suspected regions involved in OCD pathology (basal ganglia
and frontal cortex) change following treatment. This can
enlighten us on various aspects of OCD, including whether
effective treatment results in changes to activation levels,
whether symptom improvement is correlated to changes in
activation levels, and if there are any identifiers for brain
activation levels for responders and nonresponders to treatment.
If how patients with OCD process anxiety-inducing stimuli (ie,
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dirty dishes if cleanliness is a patient's obsession) can be
understood better, more targeted treatments can be given to

specifically alter these parts of a person’s cognition.
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ERP: exposure and response prevention
fMRI: functional magnetic resonance imaging
FOV: field of view
GE-EPI: gradient-echo echo-planar imaging
GUIDED: GUIDance for the rEporting of intervention Development
HSREB: Health Sciences and Affiliated Teaching Hospitals Research Ethics Board
MPRAGE: magnetization-prepared rapid acquisition gradient-echo
OCD: obsessive-compulsive disorder
OPTT: Online Psychotherapy Tool
TE: echo time
TIDieR: Template for Intervention Description and Replication
TR: repetition time
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Abstract

Background: The first wave of the COVID-19 pandemic has severely hit Canadian nursing facilities (81% of deaths). To this
toll, public health measures (eg, visitation restriction) have subsequently deepened the social isolation and loneliness of residents
in nursing facilities (NFs), especially those in linguistic minority settings: Anglophone institutions in Quebec and Francophone
institutions outside Quebec. However, very few COVID-19 initiatives targeting these populations specifically have been
documented. Given the limited number of NFs serving linguistic minorities in Canadian populations, families and loved ones
often live far from these facilities, sometimes even in other provinces. This context places the digital solutions as particularly
relevant for the present COVID-19 pandemic as well as in the post–COVID-19 era.

Objective: This project aims to co-develop a virtual community of practice through a web-based platform (eSocial-hub) to
combat social isolation and loneliness among the older people in linguistic minority settings in Canada.

Methods: An interventional study using a sequential mixed methods design will be conducted. Four purposely selected NFs
will be included, 2 among facilities in Manitoba and 2 in New Brunswick; and 2 Anglophone NFs in Quebec will serve as
knowledge users. The development of eSocial-hub will include an experimental 4-month phase involving the following end users:
(1) older people (n=3 per NF), (2) families of the participating older people (n=3 per NF), and (3) frontline staff (nurse and health
care aid; n=2 per NF).

Results: Activities and solutions aiming at reducing social isolation and loneliness will be implemented and then evaluated with
the project stakeholders, and the best practices generated. The assessment will be conducted using indicators derived from the 5
domains of the Consolidated Framework for Implementation Research. The project will be led by an interdisciplinary team and
will involve a multisectoral partnership.

Conclusions: The project will develop a promising and generalizable solution that uses virtual technology to help reduce social
isolation and loneliness among the older people.
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Introduction

Background
As vaccination for COVID-19 is ongoing worldwide, the third
wave of the pandemic continues to surge. Canadian older adults
in nursing facilities (NFs) paid the highest toll in terms of
COVID-19 mortality, with 81% of deaths (first wave) versus
42% for all Organisation for Economic Co-operation and
Development (OECD) countries [1]. This burden is compounded
by the social isolation and loneliness endured by older people
in NFs [2] as a consequence of public health measures that limit
contact with professionals, family members, and caregivers.
These unanticipated collateral effects increase vulnerability
among older people [3] and continue to impact NF residents.
This is particularly alarming in linguistic minorities, and poses
a major challenge for managers and families, urging for
innovative solutions—in this case, digital technologies. This
approach is not only encouraged but also a necessity in light of
its enormous potential to improve social capital and address the
social isolation and loneliness of older people living in NFs.
The literature contended that in addition to combatting social
isolation and loneliness, video interactions increase learning
effectiveness through the use of images [4], stimulate cognitive
activity [5], and promote the transmission of knowledge [6].

Burden of Social Isolation and Loneliness
Social isolation consists of reduced social contacts and
loneliness (the subjective feeling of isolation); it represents a
serious public health threat for older people [7] living in NFs.
Social isolation and loneliness affect up to 72% of NF residents
[8,9]; thus, there is a mounting concern in considering social
isolation and loneliness as a determinant of the health and
well-being among older people [10]. Owing to the ageing
tsunami especially in high-income countries including Canada,
costs of NFs and provision of care to older people are of the
fastest-growing areas of governments’ spendings [11].
Additionally, the role of nurses, especially those working in
NFs, has gained significant extension over the last decades [12]
to deal with a broad range of care or services, namely (1)
postacute care requiring rehabilitation and recovery, (2) terminal
phases of an illness, or (3) management of (multiple) chronic
conditions including cognitive or functional impairments [11].
Though the number of nurses in NFs has grown recently,
evidence from a systematic review has unveiled nurse staffing
issues in some of these facilities with nurses spending between
3.1 and 4.8 hours on each resident on ordinary days [11].
Undoubtedly, the COVID-19 pandemic has heightened this
burden, and activities to counter social isolation and loneliness
have taken a hit.

Besides the associated extra budget (eg, US $6.7 billion to
Medicare costs [13]), social isolation and loneliness are
associated with premature mortality [14], somatic diseases such
as cardiovascular disease or obesity [15,16], or psychological
issues including depression or anxiety [17]. The extreme
vulnerability of older people is exacerbating the current
COVID-19 crisis. For example, Francophone older people (≥65
years) in Manitoba are older than their Anglophone counterparts
[18]. The majority of older people fear admission to NFs [19],
some are either widowed, under guardianship, or have identified
as sexual minorities (lesbian, gay, bisexual, transgender,
questioning, or 2-spirited [LGBTQ2S+]) [20]. Furthermore,
according to the Canadian Institute for Health Information, 87%
of older adults in the country have some form of cognitive
impairment, 69% have dementia, 50% experience behavioral
problems, and 31% have depression [21]. As a previous study
[11] highlighted that care outcomes targeted in NFs include
changes and maintenance of a status and health
condition–monitoring, with 2 unique dimensions of quality:
quality of care and quality of life. Older people who are isolated
or are experiencing cognitive decline may experience anxiety
or behavioral problems (eg, agitation and withdrawal) during
an outbreak or during lockdown [22]. Under normal
circumstances, owing to the progressive collaborative culture,
almost all (82%) older people in NFs benefit from their families’
involvement in visiting and in activities of daily living such as
hygiene care and emotional and social support [21-23]. For
instance, in Canada, at least 10 hours per week are devoted by
one-fifth of families to their institutionalized loved ones [24].
Families’ role is of utmost importance in promoting and
maintaining the social capital as the best source of ideas and
knowledge [25] and for resolving social isolation and loneliness
[26].

Apart from public health measures as one of the causes of social
isolation and loneliness in older people, a dearth of health care
workers over the successive waves contributes to the toll.
Approximately 20% of Quebec’s health care workers were
infected with COVID-19 during the first wave [27]. NFs are
understaffed and their exhausted personnel are living in fear
owing to the high risk of becoming infected and infecting others.
They operate under protocols that reduce previously observed
physical interactions. Although NFs are a primary setting for
recurrent disease outbreaks (eg, influenza), they are the least
computerized segment of the Canadian health care [28]. While
older people are often perceived as resistant to information and
communication technology (ICT), surveys have noted a sharp
increase (>40 per cent) in the use of ICT among this population
since the 1990s [29].
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Social Isolation and Loneliness in Older Adults From
Linguistic Minorities
As a numerical minority, the needs and realities of NFs for older
adults from linguistic and cultural minority communities were
given little consideration in the establishment of measures aimed
at countering the effects of the COVID-19 pandemic.
Additionally, older adults in linguistic NFs often live
geographically far from their families, even in different
jurisdictions. Francophones outside Quebec weight 3.5% and
Anglophones in Quebec 7.5% [30]. Very few NFs serve older
people who belong to these linguistic minority groups, and their
residents generally live far from their families, sometimes even
in other provinces. Compounding this issue, the COVID-19
pandemic has revealed how public institutions and governments
in multiple jurisdictions throughout Canada are failing to meet
their linguistic obligations [31], which impedes timely access
to information. Health systems did not demonstrate a strong
surge capacity to address the pandemic of COVID-19 or its
impact such as social isolation and loneliness, which could be
more difficult for institutionalized older adults from linguistic
and cultural minorities where even adults experience challenges
in accessing the health care system [32]. The activities once
offered by NFs to combat social isolation and loneliness (eg,
outings) were even found to be effective [33], including the
conventional ICT platforms (Skype, FaceTime, etc) currently
offered by NFs to connect older adults with their families [34].

Nevertheless, the response to the pandemic (both the first wave
and the third wave currently underway) has led to the successful
implementation of some interventions (broadcasting video
activities to patients in their rooms [35], video calling to bring
together families and the institutionalized older people [36],
and phone-based video calling, text messaging, or voicemail
messaging [37]). Our project will capitalize on these practices,
focusing on digital approaches to address social isolation and
loneliness in anglophone minorities in Quebec and francophone
minorities in NFs in Manitoba and New Brunswick.

Basically, our proposed web-based app, eSocial-hub, will allow
interactive audio-video exchanges between the institutionalized
older adults and their families. Some features such as
autoresponse, à la carte ringing systems, and imaging pop off
are intended to be tested. On the other hand, eSocial-hub will
be designed to support socializing, fun, and educative activities.

Purpose of the Project
This project aims to co-develop, implement, and assess a virtual
hub (eSocial-hub), in partnership with end users at 4 NFs that
serve Anglophone and Francophone older adults in minority
settings. eSocial-hub will be a web-based digital platform,
synchronized among the participating NFs to promote mainly
the connection of institutionalized older people with their
families and their frontline workers.

Objective 1
Our first objective is to identify and evaluate practices and lived
experiences with families, residents, managers and frontline
workers in using web-based apps to optimize older people's
resilience and combat social isolation and loneliness during the
COVID-19 pandemic.

Objective 2
Our second objective is to co-develop eSocial-hub with older
people, families, and professionals with a user-centered
approach.

Objective 3
Our third objective is to implement and assess the community
of practice’s eSocial-hub with older people, families, caregivers,
and professionals in communicating and sharing resources (eg,
entertainment activities, evidence-based findings, and chatting).

Methods

Methods Overview
This interventional study will be conducted in a minority
community setting using a sequential mixed
(qualitative/quantitative) design [38]. A collaborative approach
will be used to involve end-users (managers, older adults,
families, and frontline workers) in co-developing eSocial-hub.
Four NFs in minority language/cultural settings, purposely
selected, will be included: 1 in Manitoba (Résidence Despins)
and 2 in New Brunswick (Manoir Edith B. Pinet Inc and
Résidences Lucien Saindon). The 2 Anglophone NFs in Quebec
(Jeffery Hale and Saint Brigid’s Home) will serve as knowledge
users. The study will exclude older adults with terminal illnesses
but will include those living with mild to moderate cognitive
impairment.

eSocial-hub Features
eSocial-hub includes voice/video calls, text messing,
voice-mailing, and autoresponse features. Because it is
developed for older people, a viable precaution has been made
to eliminate any technicality and provide an information
technology (IT)–lay environment that usually hinders IT product
use. eSocial-hub will support families and their institutionalized
loved ones in their daily communication needs, prompted either
by the former or the latter or by frontline workers. eSocial-hub
is designed to be interoperable between exploitation systems
and uploadable on cell phones, tablet devices, as well as laptops.
The platform will be host by the University of Ottawa’s IT
infrastructure with biweekly maintenance by its IT’s staff.

As a communication based-system, eSocial-hub is an
internet-based app that adds to the running cost paid by the
project budget. The study team is distinct with the developers
of the platform as well as the funder. Its role toward the system
being evaluated is to inform the developer on the expected
features and finally evaluate its effectiveness. The project will
be carried out in 3 phases.

Inventory of Interventions in Digital Technologies
(Phase 1: June 1 to July 30, 2021)
This phase will involve several steps. During step 1, an
inventory of interventions that use digital technologies to reduce
the harms of isolation and loneliness in residents during the
COVID-19 pandemic will be conducted. The study sample will
include participants in the NFs as well as families. Therefore,
we will select the chief executive officer and 2 other major
program managers (nursing chief and social worker), 3 in each
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NF (n=12) for a semistructured interviews. We also plan to
select frontline workers including nurses (n=12) and health care
aides (n=12). Step 2 will explore lived experiences in
maintaining social connections and social capital between
families and their older residents. Thus, 1 focus group per site
(n=4), completed with a short structured survey of families
(n=80), will be performed through Lime Survey. Using data
collected in Phase 1, a deliberative workshop will then be held
with stakeholders (4 older adults, 4 families/caregivers, 4
managers, and 4 frontline staff) to validate appropriate strategies,
implementation modalities, and success indicators on the basis
of the 5 domains of the Consolidated Framework for
Implementation Research (CFIR) [39] (Phase 3), integrating
sex, gender, and LGBTQ2S+ [40], social and linguistic justice,
and cultural and racial diversity factors. The study will include
participants from these diverse groups as much as possible;
alternatively, at least half the participants will be men and the
other half will be women. Activities will take place in both
languages: French for older people in Francophone NFs and
English for those residing in Quebec NFs.

eSocial-hub Co-Development Trial (Phase 2: August
5 to October 30, 2021)
Participants who consent to continue with Phase 2 will be asked
to renew their written consent. For new participants, written
consent will be solicited. Based on feedback from the
participating NF concerning their experiences with digital
technology, the co-development team will build eSocial-hub to

share promising evidence-based practices. One day will be
devoted to train the participants to use the platform. This process
will take place during a 3-month pilot phase. Consenting
families and their loved older adults will be involved in an
experimental group comprising 2 expert older adults per NF
(n=8), 2 families or caregivers per NF (n=8), and 1 frontline
worker (1 health care aid or 1 nurse) per NF (n=4). They will
use a device (tablet, laptop or desktop computer) connected to
the internet. In a departure from traditional approaches, testing
of eSocial-hub will be conducted using a virtual Hackerspace
to complement the data collected from the experimental group.
Hackerspace will be a chat platform open to friends of older
people, NF users, older people's associations, and interested
members of the public.

The deliberative workshop and the interviews will be conducted
entirely on the internet. eSocial-hub will be designed and
validated by a software developer, following the DMAIC
(Define, Measure, Analyze, Improve, and Control) approach
[41]. The DMAIC cycle will optimize the efficiency of
eSocial-hub, improve its user-friendliness, and enhance its
features’ functionality on the basis of the modus operandi of
eSocial-hub (Figure 1). The following indicators will be
measured: results optimization, aesthetics, ergonomics,
operational reliability, and durability [42]. User feedback
(complaints, comments, and observations) will be compiled
consecutively during this trial in the form of text messages and
audio messages. These will be analyzed biweekly with
personalized follow-ups by the research team, as needed.

Figure 1. Modus operandi of the eSocial-hub.
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Content of eSocial-hub
This will be defined by the deliberative workshop. However,
in addition to the chat and audiovisual features used to connect
older people and their families or frontline workers (or to
connect 3 types of users simultaneously), the eSocial-hub will
provide an outlet to share activities in real time. Furthermore,
entertainment activities will be offered by several nursing
students who will be trained in audiovisual
facilitation/presentation by our partner, La Liberté, Manitoba’s
sole French-language newspaper. Students’ participation in the
project will allow them to achieve their personal and
professional development objectives.

eSocial-hub Trial Assessment Strategy (Phase 3:
October 10 to November 5, 2021)
The assessment will analyze indicators defined by consensus
during the deliberative workshop, in accordance with the 5 CFIR

domains (Figure 2), and integrate patient-partner and diversity
factors (cultural, sex, gender, and LGBTQ2S+, and linguistic
justice). The CFIR’s metatheoretical framework draws on
concepts from multiple theories and models [39] based on expert
consensus. It includes five components: (1) the characteristics
of the intervention, (2) the external context, (3) the internal
context, (4) the characteristics of the individuals, and (5) the
implementation process. Figure 2 presents the various constructs
and factors that will be considered for each component to
optimize and evaluate the eSocial-hub’s implementation. We
will use the indicators to develop a structured survey
questionnaire, using a 6-point Likert scale (to prevent an average
response bias [43]). The questionnaire will be administered
before and after the trial.

Figure 2. Main components of the CFIR and corresponding constructs (adapted from [44]).

The final questionnaire items will be validated through a
modified Delphi process [45]. Six end-users (3 families and 3
older adults) and 5 experts will be consulted to obtain a
consensus on the indicators to be considered. The survey will
consist of two sections: the first set of questions on the personal
and professional characteristics of the respondents (age group,
gender, role, type of organization, time in the organization,
involvement in the intervention) and a second section on the
proposed CFIR indicators. For each of the indicators, the
respondents will have to indicate its degree of importance for
the implementation of the innovation on a 6-point Likert scale
(1=not important to 6=very important). Analyses will be
performed to calculate the median and interquartile range for
each indicator. Indicators with a score of 5 or 6 and an
interquartile range of ≤1 will be retained as consensus. Indicators
with a score of 4 or less and an interquartile range of ≤1 will be
excluded. The second round of surveys will be conducted with
the same respondents to assess indicators that did not have a

consensus for retention or exclusion in the first round. For this
second survey, the score given by the respondent in the first
round as well as the median score obtained will be presented,
and then the respondent will be asked to change their score if
they wish to reach a consensus. If there is no consensus on
certain indicators following this second round, a third round
may be conducted. Respondents will have 1 week to complete
each round of the survey and a reminder will be sent to them
after 3 days.

Finally, using a utilization-focused evaluation approach [46],
our team will coordinate the monitoring of the trial phase at
mid-project (August 2021) and at the end of the project
(December 2021) and conduct follow-up interviews with the
trial participants to further explore some of the quantitative
results. The use of mixed methods will allow for a more detailed
analysis of the implementation process, taking into account the
local context and dynamics. The findings will be shared during
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a web-based meeting with the NF teams, and their feedback
will be incorporated into the final evaluation report and a
peer-reviewed paper presenting the results. The complementary
expertise of the team members in implementation science and
evaluation, digital technologies (MPG), nursing and long-term
care (IB), public health (DS), psychology (JR and NJCB), health
economics (ENT), sociology and health services organization
(AA), and organizational studies (SC) will enrich the analyses
from multiple perspectives. This cohesive research team has
been involved in research collaborations since 2015 and
completed and published numerous projects [47-55]. Much of
their recent work [52,54,55] is closely related to this project.

Data Analysis
The quantitative analysis will be descriptive. Data will also be
subjected to a bivariate analysis (analysis of variance or t test,
as appropriate). In the event of a non-Gaussian distribution, the
Mann–Whitney test will be used, with P<.05 considered
significant. The qualitative analysis will involve data from focus
groups and individual interviews. Verbatims will be transcribed
and imported into N-Vivo 12 analysis software. Inductive
thematic analysis will be carried out by at least 2 coresearchers
independently working to develop preliminary coding structures
to organize the data thematically (IB and JR) [56] to understand
the meaning of the participants’ experience [57]. Coding in 2
phases will refine the relationship among categories to be
explored to facilitate the raising of the analytical level from
categorical to thematic for meaningful interpretations of the
data. Emerging themes will be defined by consensus by the
research team [58]. Rigor credibility will be achieved by
obtaining data from all stakeholders and investigator
triangulation [59]. For its multi-site feature, we intend to achieve
the transferability of the findings by providing a clear description
of the participants, settings, and research process [60]. We will
achieve confirmability through data triangulation and researcher
reflexivity [59]. Finally, quantitative and qualitative data will
be triangulated [61].

Results

This study was funded in April 2021. We plan to start active
enrollment, and data collection will start on June 1, 2021. The
project was granted ethical approval from the ethical committee
for research of the University of Saint-Boniface and the
University of Moncton (2021-085). This project is intended to
end by February 2022. As of December 2021, we will have
concluded the project evaluation. Early winter 2022 is the
anticipated period to disseminate nationally and internationally
the results generated.

Discussion

Social isolation and loneliness are prominent topical issues since
the onset of the first wave of the COVID-19 pandemic. Best
practices for the use of web-based apps will optimize
institutionalized resilience among older people in combatting
isolation and loneliness. Furthermore, the development of
eSocial-hub using a user-centered approach is innovative to
prove a concept and pave the way for health policymakers based
on its added value, namely for older people in the context of
the linguistic minority.

This project stems directly from a need felt and expressed by
the participating NFs that are partnering with the 3 universities
involved in this project. It is clear that NFs have been
overwhelmed by the effects of COVID-19. They remain a weak
link in our system, subject to recurring outbreaks (eg, seasonal
illnesses). We expect to validate the eSocial-hub concept as a
means to combat social isolation and loneliness. This issue will
persist in the post–COVID-19 era, considering that NF may
find it necessary to continue imposing certain restrictions,
namely physical access to NF. This ensures the pertinence of a
virtual solution. During eSocial-hub’s testing phase, the expected
outcomes include, in addition to the objective of combatting
social isolation and loneliness, the use of digital tools (eg, iPad
and laptop computer) that subsequently help stimulate and
develop learning and cognitive activity in older adults.
eSocial-hub, in addition to connecting families and caregivers
with their older members, will allow for secure communications
with staff, including live interactions and support a web-based
professional community of practice as well as services and
entertainment activities that were previously offered in person
(eg, religious services, music, entertainment, lectures, and bingo
sessions).

Inaugural entertainment activities will be offered by nursing
students of the Université de Saint-Boniface after receiving
training in facilitating and presenting audiovisual media from
our partner, the La Liberté newspaper (the only French-language
publication in Manitoba).

The results of this project will be published in a peer-reviewed
open-access journal for public dissemination. We intend to
participate in at least 1 colloquium or conference. These
knowledge dissemination activities will raise awareness among
co-researchers and decision-makers concerning the positive
effects of the web-based hub on social isolation and loneliness
(and therefore the quality of life) among older people in
linguistic and cultural minority communities in the context of
the COVID-19 pandemic.

The anticipated potential challenges pertain to the limited
availability of managers and frontline staff in the event of
COVID-19 outbreaks.
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Abstract

Background: Conversational agents, which we defined as computer programs that are designed to simulate two-way human
conversation by using language and are potentially supplemented with nonlanguage modalities, offer promising avenues for
health interventions for different populations across the life course. There is a lack of open-access and user-friendly resources
for identifying research trends and gaps and pinpointing expertise across international centers.

Objective: Our aim is to provide an overview of all relevant evidence on conversational agents for health and well-being across
the life course. Specifically, our objectives are to identify, categorize, and synthesize—through visual formats and a searchable
database—primary studies and reviews in this research field.

Methods: An evidence map was selected as the type of literature review to be conducted, as it optimally corresponded to our
aim. We systematically searched 8 databases (MEDLINE; CINAHL; Web of Science; Scopus; the Cochrane, ACM, IEEE, and
Joanna Briggs Institute databases; and Google Scholar). We will perform backward citation searching on all included studies.
The first stage of a double-stage screening procedure, which was based on abstracts and titles only, was conducted by using
predetermined eligibility criteria for primary studies and reviews. An operational screening procedure was developed for streamlined
and consistent screening across the team. Double data extraction will be performed with previously piloted data collection forms.
We will appraise systematic reviews by using A Measurement Tool to Assess Systematic Reviews (AMSTAR) 2. Primary studies
and reviews will be assessed separately in the analysis. Data will be synthesized through descriptive statistics, bivariate statistics,
and subgroup analysis (if appropriate) and through high-level maps such as scatter and bubble charts. The development of the
searchable database will be informed by the research questions and data extraction forms.

Results: As of April 2021, the literature search in the eight databases was concluded, yielding a total of 16,351 records. The
first stage of screening, which was based on abstracts and titles only, resulted in the selection of 1282 records of primary studies
and 151 records of reviews. These will be subjected to second-stage screening. A glossary with operational definitions for
supporting the study selection and data extraction stages was drafted. The anticipated completion date is October 2021.

Conclusions: Our wider definition of a conversational agent and the broad scope of our evidence map will explicate trends and
gaps in this field of research. Additionally, our evidence map and searchable database of studies will help researchers to avoid
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fragmented research efforts and wasteful redundancies. Finally, as part of the Harnessing the Power of Conversational e-Coaches
for Health and Well-being Through Swiss-Portuguese Collaboration project, our work will also inform the development of an
international taxonomy on conversational agents for health and well-being, thereby contributing to terminology standardization
and categorization.

International Registered Report Identifier (IRRID): DERR1-10.2196/26680

(JMIR Res Protoc 2021;10(9):e26680)   doi:10.2196/26680

KEYWORDS

artificial intelligence; conversational agent; chatbot; virtual assistant; relational agent; virtual humans; e-coach; intervention;
health; well-being

Introduction

In 2016, noncommunicable diseases (NCDs) accounted for 40.5
million deaths worldwide, which corresponded to 71% of deaths
worldwide. The top 4 NCDs are cardiovascular diseases,
cancers, diabetes, and chronic lung diseases [1]. NCDs can be
prevented by adopting a healthy lifestyle. For example, a
European multicohort study, which was conducted from 1991
to 2006 and included 116,043 people who were free of major
NCDs at baseline, suggested that various healthy lifestyle
profiles yield gains in life years without major NCDs, including
type 2 diabetes, coronary heart disease, stroke, cancer, asthma,
and chronic obstructive pulmonary disease [2].

Changing and sustaining health behaviors, which are integral
to both the prevention and self-management of NCDs, are
known to be challenging and resource intensive [3].
Digitalization and automation remove time and place
restrictions, thereby broadening access to lifestyle and
self-management interventions in a potentially cost-effective
manner. For example, full economic evaluations of interventions
that use the internet, mobile devices, or computers for the
prevention and control of type 2 diabetes have demonstrated
high cost-effectiveness, even though they were not fully
automated [4].

The European Blueprint on Digital Transformation of Health
and Care for the Ageing Society reflects a common vision that
key stakeholders have on the role of innovation in changing
health and care provision among older populations [5]. The
priority topics encompassed by this policy vision are disease
prevention, personalized health and care, and digital tools for
citizen empowerment and person-centered care. A total of 12
blueprint personas have been created based on the health and
care needs of people across the life course, ranging from children
to persons aged ≥80 years [5].

Digital technology that mimics human communication is suitable
for different age populations and populations with different
literacy levels and is arguably more engaging for long-term use.
A scan of this landscape has revealed a considerable body of
scientific literature, although no agreements have emerged on
the definition of so-called conversational agents. For instance,
some authors consider conversational agents to be software
capable of natural language processing [6]. However, others
have used broader definitions that encompass agents that use
predefined text options as inputs but exclude embodied agents
that use nonverbal communication [7].

For the purpose of our review, we defined conversational agents
as computer programs that are designed to simulate two-way
human conversation by using language (speech or text) and are
potentially supplemented with nonlanguage modalities. We
believe that conversational agents for health and well-being
should be further characterized according to the health
intervention (eg, target population, design, the entity on which
the intervention is carried out, and duration), the agent (eg,
embodiment, role, and delivery channel), and the conversation
(eg, input and output options, dialogue engine, and sentiment
detection). We derived these ideas from literature [7-11], the
international classification of health interventions [12], our
interdisciplinary experience [13-16], and discussions within the
research team.

This study is part of the Harnessing the Power of Conversational
e-Coaches for Health and Well-being Through Swiss-Portuguese
Collaboration (eCCo) project [17], which encompasses an
evidence map and the subsequent development of an
international taxonomy on conversational agents for health and
well-being via a scientific consensus method that will be
informed by our literature review. In addition to this purpose,
the evidence map independently serves a much-needed research
endeavor—fostering collaboration in the field through an
open-access resource. In their review on conversational
interfaces for health, Xing et al [18] highlighted the need to
improve collaboration among stakeholders in research and patent
activities. To our knowledge, there is no open, searchable
database on conversational agents for health—a resource that
could foster collaboration by pinpointing expertise across
international centers and networks. Such collaboration can help
with tackling research fragmentation and duplication.

Our aim is to provide an overview of all relevant evidence on
conversational agents for health and well-being across the life
course. Specifically, our objectives are to identify, categorize,
and synthesize primary studies and reviews on this topic by
focusing on the following research questions:

• What is the nature of literature on conversational agents
for health and well-being (eg, information source, research
group, and study characteristics)?

• What are the characteristics of health interventions based
on conversational agents (eg, setting, target population,
intervention target, duration, and frequency)?

• What are the characteristics of the automated conversations
conducted in health interventions (eg, interaction input and
output and dialogue engine)?
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• What are the characteristics of the agents used in health
interventions (eg, embodiment, emotions, role, and delivery
channel)?

Methods

Evidence Map
An evidence map is “a systematic search of a broad field to
identify gaps in knowledge and/or future research needs that
presents results in a user-friendly format, often a visual figure
or graph, or a searchable database” [19]. These reviews typically
encompass different types of studies, such as reviews and
primary studies. They rely on a systematic search strategy,
conducting screening based on explicit eligibility criteria, and
conducting data extraction in a structured format. Critical
appraisal may be performed, but it is not required [19].

Searching

Keyword Selection and Initial Database Query
To comprehensively identify relevant keywords, we resorted
to using a purposive sample of 13 literature reviews
[6,7,9,10,18,20-29] and a review protocol [30] related to
conversational agents for health and well-being. A total of 318
keywords were extracted. The removal of duplicates resulted
in 220 keywords.

Keywords were categorized into tentative domains and tested
in MEDLINE; we resorted to using PubMed as the interface.
The search process was documented and iteratively optimized
[31] to yield a compromise between feasibility and
completeness. This led to the choice of using the following two
final keyword domains: K1 (variations of conversational
agent–related terms) and K2 (variations of health-related and
well-being–related terms). We expanded the K1 domain by
including all variations and combinations of the terms agent
(ie, bot, robot, assistant, coach, companion, system, avatar, and
entity program) and conversational (ie, talking, voice,
communication, social, dialogue, and utterance). We also
included terms in the K1 domain related to popular commercial
conversational agents, such as Google Home, Google Assistant,
Cortana, Alexa, and Siri.

The search strategy encompassed (when applicable) plural forms
of keywords and variations at the end of keywords, which were
indicated with the wildcard asterisk (ie, “*”). We accounted for
variations in the middle of phrases and hyphenation by using
similar vocabulary (eg, talk bot and talkative bot, ecoach and
e-coach, etc). We ended up with 265 keywords for the K1
domain and 13 keywords for the K2 domain.

There was ambiguity between the terms Amazon Alexa assistant
and alexa fluor compounds. Therefore, a third keyword domain
was developed (K3), which consisted of variations of alexa
fluor compounds to be excluded from the search query. This
domain limited the number of irrelevant results through the use
of database syntax.

The search string for the search conducted on MEDLINE via
PubMed is depicted in Multimedia Appendix 1. The search was
restricted to titles and abstracts only.

Database Selection
Initially, we listed the data sources used by the aforementioned
sample of studies [6,7,9,10,18,20-30]. This led to a set of the
following nine potentially useful scientific literature databases:
MEDLINE; CINAHL; Web of Science; Scopus; the Cochrane,
ACM, IEEE, and Joanna Briggs Institute (JBI) databases; and
Google Scholar. These were then analyzed in terms of their
coverage and suitability.

Both ACM and IEEE publish computer science conference
proceedings, and these were relevant to our evidence map and
supplemented our health data sources. Although Scopus and
Web of Science cover most journal publications from ACM
and IEEE, their indexing of conference proceedings is poorer
[32]. Therefore, from a coverage standpoint, it would make
sense to retain these databases.

In terms of the search quality of the data sources, the work of
Gusenbauer and Haddaway [33] endorsed the choice of using
MEDLINE, CINAHL, Web of Science, Scopus, Cochrane, and
ACM. These authors did not consider Google Scholar to be an
appropriate principal search system, since it does not allow for
the use of Boolean queries and does not provide consistent
results over time [33].

After taking both coverage and search qualities into account,
we decided to retain Google Scholar and ACM in the final list
of databases. When compared to Scopus and Web of Science,
Google Scholar is still the most far-reaching source [34]. Scopus
and Web of Science exhibit indexing lags and may miss the
latest publications, unlike Google Scholar [35,36]. However,
we discarded IEEE from the list on the grounds of its limited
search capabilities, as we were unable to search this database
for all the proposed keywords.

The decision to exclude grey literature was dictated by our
available resources. A definition of grey literature was put
forward during the 1997 International Conference on Grey
Literature in Luxembourg and was expanded in 2004 (in New
York) as “information produced on all levels of government,
academics, business and industry in print and electronic formats,
but which is not controlled by commercial publishers, i.e. where
publishing is not the primary activity of the producing body”
[37]. Recently, Garousi et al [38] proposed a wider definition
for grey literature in the software engineering field and grouped
grey literature into 3 tiers according to expertise (ie, the
established knowledge of the content producer) and outlet
control (ie, content production in conformance with explicit
and transparent criteria). The tiers encompass content from
blogs, tweets, and news articles; presentations, and government
reports. Regardless of the definition, grey literature would add
to the predictably extensive amount of formal literature and was
deemed to be of uncertain value in light of the review’s aim.
Grey literature would also require additional resources for
analysis.

Testing the Query on the Remaining Databases
The PubMed search query was used in CINAHL (via EBSCO
[Elton B. Stephens Company]); Web of Science; Scopus; and
the Cochrane (via EBSCO), ACM, and JBI databases; minor
adjustments were made [31]. The restriction to a title and
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abstract search was maintained in these databases, with the
exception of the JBI database, which does not allow for such
searches.

The Google Scholar query, which is presented in Multimedia
Appendix 1, comprised short forms of the K1 and K2 domain
terms. This search was limited to literature published from 2020
onward and those without patents and citations. The search
results were sorted by relevance. As recommended by Haddaway
et al [39], we retrieved only the first 300 results.

Citation Searching
We will conduct a backward citation search by manually
searching the reference lists of all articles included in the
evidence map. Forward citation searching by using a citation

index to identify studies that cite included articles [40] was
deemed unfeasible in light of the project resources.

Selection of Studies
Rayyan (Rayyan Systems Inc)—a collaborative web
application—was used to streamline the selection of studies
[41]. It supports the screening and coding of studies, documents
reviewers’ decisions by using tags, and allows for the
organization of records via filters.

Teams of 2 researchers will independently screen retrieved
records by using predetermined eligibility criteria for primary
studies and reviews, which are detailed in Textboxes 1 and 2.
Meeting all of the inclusion criteria will be a requirement for
an article to be selected for the evidence map. Selected articles
must also not meet any of the exclusion criteria.

Textbox 1. Eligibility criteria for primary studies on conversational agents for health and well-being.

Inclusion criteria

• Primary studies that focus on persons of all ages regardless of their health status

• Presenting a computer program that is able to simulate two-way human conversation for a health-related purpose or general well-being–related
purpose by using language (speech or text) and is potentially supplemented with nonlanguage modalities, regardless of the input and output
options

• Reporting the design, development, evaluation, or implementation of conversational agents regardless of the involvement of human users and
study design

Exclusion criteria

• Articles focused solely on caregivers, health care professionals, or the education of health care professionals or students

• Articles that do not concomitantly report information on the following three components: the health intervention, the agent, and the conversational
capabilities (eg, articles focused on individual features only, such as speech recognition)

• Agents without automated conversational capabilities (eg, Wizard of Oz tool)

• Press articles

• Unavailable full text

• Articles written in languages other than English, Italian, French, Portuguese, and Spanish

• Commentaries, opinion papers, position papers, study protocols, or any article not presenting primary research (eg, discussing the intention to
develop a conversational agent)

• Conference abstracts

Textbox 2. Eligibility criteria for reviews on conversational agents for health and well-being.

Inclusion criteria

• All review designs that focus on primary studies on human participants regardless of their health status

• Reviews comprised of studies that present a computer program that is able to simulate human conversation for a health-related purpose or general
well-being–related purpose by using language and is potentially supplemented with nonlanguage modalities, regardless of the input and output
options

• Reporting the design, development, evaluation, implementation, or funding of conversational agents regardless of the involvement of human
users and study design

Exclusion criteria

• Reviews that include conversational agents for the education of health care professionals or students or another nonhealth purpose

• Reviews including studies on nonconversational agents or those without automated conversational capabilities (eg, Wizard of Oz tool)

• Review protocols

• Unavailable full text

• Articles written in languages other than English, Italian, French, Portuguese, and Spanish
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The screening procedure was piloted at the commencement of
this stage; we used a set of primary studies and reviews. In the
first stage, we reviewed the titles and abstracts of retrieved
records. Discrepancies in inclusion and exclusion decisions
were resolved by a third reviewer. In the second stage we will
focus on the full-text review of the records selected in the first
stage. Discrepancies in inclusion and exclusion decisions at this
stage will be resolved by discussion between the reviewer pairs,
and if a consensus is not reached, a third researcher will be
involved.

Data Extraction
Data collection forms for primary studies and reviews were
designed using Microsoft Excel spreadsheets. In addition to
general information such as article ID numbers (unique
identifiers), titles, and aims, we will extract information related
to our research questions. Moreover, we will extract definitions
of conversational agents if they are provided. The forms will
be piloted with a set of primary studies and reviews to ensure
that they capture relevant information comprehensively.
Multimedia Appendix 2 presents variables that were
preliminarily included in the Excel spreadsheet.

Teams of 2 researchers will independently extract data from
included records. Potential discrepancies will be resolved via
consultation with a third researcher.

Critical Appraisal
As previously explained, critical appraisal is recommended for
evidence maps but is not mandatory [19]. Therefore, based on
project resources, we will conduct the critical appraisal of
systematic reviews, but this will not be done for the anticipated
large number of primary studies. A Measurement Tool to Assess
Systematic Reviews (AMSTAR) 2—a revised 16-item version
of AMSTAR—will be used to evaluate the quality of included
systematic reviews [42]. AMSTAR 2 takes longer to apply than
AMSTAR; however, both have higher levels of interrater

reliability compared to those of similar tools, such as the Risk
of Bias Assessment Tool for Systematic Reviews (ROBIS) [43].
Compared to the ROBIS, AMSTAR 2 is easier to apply. Further,
guidance on using AMSTAR 2 is clearer and simpler, which
promotes its use by nonexperienced reviewers [44].

Data Synthesis
We will assess primary and secondary studies separately in the
analysis. Each data set will be subjected to a descriptive analysis
to summarize the characteristics of included studies. This will
be guided by our research questions. The bivariate exploration
of data will be conducted, as appropriate. Subgroup analyses
will be conducted, if feasible.

High-level maps, such as scatter charts and bubble charts, will
be used to depict results and illustrate research trends and gaps.
The development of the searchable database will be informed
by the research questions and data extraction forms.

Results

The literature search in MEDLINE; CINAHL; Web of Science;
Scopus; the Cochrane, ACM, IEEE, and JBI databases; and
Google Scholar was conducted between November 11 and
November 19, 2020. A total of 16,351 records were identified
and exported to Rayyan. The removal of duplicates yielded
8022 records, which were subjected to screening (Figure 1).

As of April 2021, we produced an operational procedure to
support screening (aided by Rayyan) to ensure consistency and
reduce the amount of errors. We also drafted a glossary with
operational definitions to support the study selection and data
extraction procedures. This is regarded as a living document,
which will be updated as our work progresses (Multimedia
Appendix 3; the glossary is currently based on 5 publications
[7,45-48]). Moreover, we concluded the first the stage of
screening, as depicted in Figure 1.
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Figure 1. A PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the literature search and selection procedures
(first stage of screening) [49]. JBI: Joanna Briggs Institute.

Discussion

Our work aims to provide an overview of all relevant evidence
on conversational agents for health and well-being across the
life course. The evidence and gap map is a type of literature
review that is particularly suited for this aim. As White et al
[50] put it, “[evidence and gap maps] usually show what
evidence is there, not what the evidence says.” By following
the same systematic approach as a systematic review, we aim
to offer a wider picture of the research landscape by including
both primary studies and meta-research. To the best of our
knowledge, published reviews on conversational agents, such
as those of Car et al [7] and Chattopadhyay et al [27], have only
included primary studies. Therefore, we add to current
knowledge by extending the scope of existing reviews. As for
other evidence maps, the novelty of our evidence synthesis
comes from its breadth (ie, summarizing all reviews and primary
studies on the topic without collating effects or effect sizes),
while the strength of the scoping reviews comes from their depth
(ie, typically a narrower scope and direction of effect) [50].
Another aspect regarding the broader scope of our work is our
definition of a conversational agent, which comprises not only
chatbots but also agents with physical or web-based

embodiments, such as robots or anthropomorphic web-based
agents.

The number of reviews that were preliminarily uncovered by
our review also suggests that it may appropriate to conduct an
umbrella review of meta-research in the future. This will help
those aspiring to conduct a review in this field to avoid wasteful
redundancies. The number of reviews we uncovered raises the
issue of the degree of overlap and the incremental value of these
publications. Recently, Tugwell et al [51] elaborated on the
replication of systematic reviews. In addition to direct
replication, which involves repetition for verifying results, these
authors put forward the concept of conceptual replication, in
which a research question is broadened or narrowed to ascertain
different intervention types, settings, outcomes, or study designs
[51]. The data extraction of the included reviews in our work
will clarify whether these reviews performed conceptual
replication or undesirable repetition, which has been coined as
research waste [51]. We envisage that the open, searchable
database that will be developed in the data synthesis stage will
help researchers to avoid future research waste by highlighting
published reviews.

Another methodological consideration is the role of bias and
its influence on the evidence map results. For instance, we
addressed bias in the selection of studies through a multifold
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procedure [52]. First, we detailed the research questions and
the inclusion and exclusion criteria to avoid inconsistent
application. Second, we developed a glossary of operational
definitions to reduce discrepancies in the interpretation of key
terms. Third, per the review protocol, two independent reviewers
will screen and extract data, and a third reviewer will be
involved when discrepancies cannot be resolved by consensus.
Other procedures specified in the protocol include presenting
a PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) flow diagram for results, pilot testing the
several steps of the review method (searching, selection of
studies, data extraction and critical appraisal), and having
workflows subsumed in the evidence map.

The evidence and gap map relies on a framework for detailing
its dimensions, which will be operationalized by using row and
column headings [50]. The eCCo project will tackle this issue
by pursuing an integrated approach based on the
interdependency of its two core activities, as follows: (1)
producing an evidence map on conversational agents in health
and well-being and (2) consensualizing a taxonomy on the topic.
The matrix for the data extraction (Multimedia Appendix 2)
was informed by the first draft of this taxonomy, and the
evidence map will allow for the identification of international
experts who will be involved in the consensus conference.
Further, the results of the evidence map will be used to fine-tune
the taxonomy draft before the draft is subjected to the scrutiny
of international experts. Our research project is in line with the
work of Bittner et al [53], who used an empirical-to-conceptual
approach for the development of a taxonomy for conversational
agents and drew upon a literature review to identify new subsets
of objects. We identified a set of taxonomies in the field, albeit
none were health specific [8,9]. The foci of all these taxonomies

are design options that do not detail the aspects of the health
intervention. Guidelines for reporting on digital health
interventions [54,55] have recommended the specification of
intervention components and modes of delivery (eg, specifying
who delivers the intervention, who receives the intervention,
how often the intervention is delivered, the intervention duration,
the format of the intervention, and the context in which the
intervention is delivered). These requirements were considered
when first drafting the eCCo taxonomy.

None of the above-mentioned taxonomies used a scientific
consensus process to standardize terminology and categories
of conversational agents. This is a limitation that we are
addressing via the eCCo project.

In spite of its clear strengths, the review will not be without
limitations. Integral to evidence maps is the fact that study
outcomes are not extracted to ascertain effects. Moreover, the
fact that we will not appraise the quality of primary studies
means that we cannot pinpoint research gaps for areas with high
volumes of potentially poor-quality studies. Another limitation
is that research gaps do not necessarily translate to research
needs; when prioritizing research needs, one should consider
aspects such as relevance and potential impact. Nonetheless,
synthesizing evidence on health-focused conversational agents
will facilitate the prioritization of strategic research by
commissioners.

In addition to fostering collaboration, we envisage that the open,
searchable database will also contribute to bridging the
translational gap by, for instance, identifying projects with a
higher technology readiness level. Such projects can more easily
reach the market via partnerships with the business sector.

 

Acknowledgments
This study is part of the Harnessing the Power of Conversational e-Coaches for Health and Well-being Through Swiss-Portuguese
Collaboration project, which was awarded a grant for joint Swiss-Portuguese academic projects and funded by the Haute Ecole
Spécialisée de Suisse occidentale (University of Applied Sciences and Arts Western Switzerland) and the Conselho Coordenador
dos Institutos Superiores Politécnicos (Portuguese Polytechnics Coordinating Council). The sponsors did not have any role in
the design, execution, and reporting of the study.

Authors' Contributions
MPG, LA, and EM designed the study. The remaining authors contributed to iteratively conceiving the study in more detail.
MPG, HRH, MEK, CB, JB, and IBF prepared the protocol, and revisions were made by the remaining authors. HRH and MEK
conducted the literature searches. All authors except MPG executed the first stage of screening.

Conflicts of Interest
None declared.

Multimedia Appendix 1
MEDLINE and Google Scholar search.
[PDF File (Adobe PDF File), 75 KB - resprot_v10i9e26680_app1.pdf ]

Multimedia Appendix 2
Preliminary data extraction form.
[PDF File (Adobe PDF File), 85 KB - resprot_v10i9e26680_app2.pdf ]

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e26680 | p.232https://www.researchprotocols.org/2021/9/e26680
(page number not for citation purposes)

Guerreiro et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v10i9e26680_app1.pdf&filename=8275cfda60b2474e8d05eaf22addf63d.pdf
https://jmir.org/api/download?alt_name=resprot_v10i9e26680_app1.pdf&filename=8275cfda60b2474e8d05eaf22addf63d.pdf
https://jmir.org/api/download?alt_name=resprot_v10i9e26680_app2.pdf&filename=2b9145cecde1f1f5528dd2c3ccb2c9d5.pdf
https://jmir.org/api/download?alt_name=resprot_v10i9e26680_app2.pdf&filename=2b9145cecde1f1f5528dd2c3ccb2c9d5.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 3
Operational definitions.
[PDF File (Adobe PDF File), 119 KB - resprot_v10i9e26680_app3.pdf ]

References
1. Noncommunicable diseases: mortality. World Health Organization. URL: https://www.who.int/gho/ncd/mortality_morbidity/

en/ [accessed 2021-07-14]
2. Nyberg ST, Singh-Manoux A, Pentti J, Madsen IEH, Sabia S, Alfredsson L, et al. Association of healthy lifestyle with

years lived without major chronic diseases. JAMA Intern Med 2020 May 01;180(5):760-768 [FREE Full text] [doi:
10.1001/jamainternmed.2020.0618] [Medline: 32250383]

3. Kelly MP, Barker M. Why is changing health-related behaviour so difficult? Public Health 2016 Jul;136:109-116 [FREE
Full text] [doi: 10.1016/j.puhe.2016.03.030] [Medline: 27184821]

4. Rinaldi G, Hijazi A, Haghparast-Bidgoli H. Cost and cost-effectiveness of mHealth interventions for the prevention and
control of type 2 diabetes mellitus: A systematic review. Diabetes Res Clin Pract 2020 Apr;162:108084. [doi:
10.1016/j.diabres.2020.108084] [Medline: 32061819]

5. Blueprint for a digital transformation of health and care in an ageing society. European Commission. 2017. URL: https:/
/ec.europa.eu/digital-single-market/en/blueprint-digital-transformation-health-and-care-ageing-society [accessed 2021-01-24]

6. Laranjo L, Dunn AG, Tong HL, Kocaballi AB, Chen J, Bashir R, et al. Conversational agents in healthcare: a systematic
review. J Am Med Inform Assoc 2018 Sep 01;25(9):1248-1258 [FREE Full text] [doi: 10.1093/jamia/ocy072] [Medline:
30010941]

7. Car TL, Dhinagaran DA, Kyaw BM, Kowatsch T, Joty S, Theng Y, et al. Conversational agents in health care: Scoping
review and conceptual analysis. J Med Internet Res 2020 Aug 07;22(8):e17158 [FREE Full text] [doi: 10.2196/17158]
[Medline: 32763886]

8. Diederich S, Brendel AB, Kolbe L. Towards a taxonomy of platforms for conversational agent design. 2019 Presented at:
Internationale Tagung Wirtschaftsinformatik; February 2019; Siegen, Germany.

9. Montenegro JLZ, da Costa CA, da Rosa Righi R. Survey of conversational agents in health. Expert Syst Appl 2019
Sep;129:56-67. [doi: 10.1016/j.eswa.2019.03.054]

10. Kocaballi AB, Berkovsky S, Quiroz JC, Laranjo L, Tong HL, Rezazadegan D, et al. The personalization of conversational
agents in health care: Systematic review. J Med Internet Res 2019 Nov 07;21(11):e15360 [FREE Full text] [doi:
10.2196/15360] [Medline: 31697237]

11. Burden D, Savin-Baden M. What are virtual humans? In: Virtual Humans: Today and Tomorrow. Boca Raton, Florida:
Chapman and Hall/CRC Press; 2019.

12. International Classification of Health Interventions (ICHI). World Health Organization. URL: https://www.who.int/standards/
classifications/international-classification-of-health-interventions [accessed 2021-06-14]

13. Angelini L, Mugellini E, Abou KO, Boqué N, Del Bas J, Röcke C, et al. The Nestore e-Coach: Accompanying older adults
through a personalized pathway to wellbeing. 2019 Jun Presented at: PETRA '19: The 12th PErvasive Technologies Related
to Assistive Environments Conference; June 5-7, 2019; Rhodes, Greece p. 620-628. [doi: 10.1145/3316782.3322763]

14. El Kamali M, Angelini L, Caon M, Andreoni G, Khaled OA, Mugellini E. Towards the NESTORE e-coach: A tangible
and embodied conversational agent for older adults. 2018 Oct Presented at: UbiComp '18: The 2018 ACM International
Joint Conference on Pervasive and Ubiquitous Computing; October 8-12, 2018; Singapore, Singapore p. 1656-1663. [doi:
10.1145/3267305.3274188]

15. Félix IB, Guerreiro MP, Cavaco A, Cláudio AP, Mendes A, Balsa J, et al. Development of a complex intervention to
improve adherence to antidiabetic medication in older people using an anthropomorphic virtual assistant software. Front
Pharmacol 2019;10:680 [FREE Full text] [doi: 10.3389/fphar.2019.00680] [Medline: 31281256]

16. Guerreiro MP, Félix IB, Balsa J, Carmo MB, Henriques MA, Cavaco A, et al. Contribution of an intelligent virtual assistant
to healthy ageing in idults with type 2 diabetes. In: Mendes D, Fonseca C, Lopes M, García-Alonso J, Murillo J, editors.
Exploring the Role of ICTs in Healthy Aging. Hershey, Pennsylvania: IGI Global; 2020.

17. Harnessing the power of conversational e-coaches for health and well-being through Swiss-Portuguese Collaboration.
eCCo. URL: https://ecco.esel.pt/ [accessed 2021-07-15]

18. Xing Z, Yu F, Du J, Walker JS, Paulson CB, Mani NS, et al. Conversational interfaces for health: Bibliometric analysis of
grants, publications, and patents. J Med Internet Res 2019 Nov 18;21(11):e14672 [FREE Full text] [doi: 10.2196/14672]
[Medline: 31738171]

19. Miake-Lye IM, Hempel S, Shanman R, Shekelle PG. What is an evidence map? A systematic review of published evidence
maps and their definitions, methods, and products. Syst Rev 2016 Feb 10;5:28 [FREE Full text] [doi:
10.1186/s13643-016-0204-x] [Medline: 26864942]

20. Kamali ME, Angelini L, Caon M, Carrino F, Rocke C, Guye S, et al. Virtual coaches for older adults’wellbeing: A systematic
review. IEEE Access 2020;8:101884-101902. [doi: 10.1109/access.2020.2996404]

21. Pereira J, Díaz Ó. Using health chatbots for behavior change: A mapping study. J Med Syst 2019 Apr 04;43(5):135. [doi:
10.1007/s10916-019-1237-1] [Medline: 30949846]

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e26680 | p.233https://www.researchprotocols.org/2021/9/e26680
(page number not for citation purposes)

Guerreiro et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v10i9e26680_app3.pdf&filename=f0a5fdd7c0fe7cb8eb5d6ee11e001308.pdf
https://jmir.org/api/download?alt_name=resprot_v10i9e26680_app3.pdf&filename=f0a5fdd7c0fe7cb8eb5d6ee11e001308.pdf
https://www.who.int/gho/ncd/mortality_morbidity/en/
https://www.who.int/gho/ncd/mortality_morbidity/en/
http://europepmc.org/abstract/MED/32250383
http://dx.doi.org/10.1001/jamainternmed.2020.0618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32250383&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0033-3506(16)30017-8
https://linkinghub.elsevier.com/retrieve/pii/S0033-3506(16)30017-8
http://dx.doi.org/10.1016/j.puhe.2016.03.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27184821&dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2020.108084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32061819&dopt=Abstract
https://ec.europa.eu/digital-single-market/en/blueprint-digital-transformation-health-and-care-ageing-society
https://ec.europa.eu/digital-single-market/en/blueprint-digital-transformation-health-and-care-ageing-society
http://europepmc.org/abstract/MED/30010941
http://dx.doi.org/10.1093/jamia/ocy072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30010941&dopt=Abstract
https://www.jmir.org/2020/8/e17158/
http://dx.doi.org/10.2196/17158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32763886&dopt=Abstract
http://dx.doi.org/10.1016/j.eswa.2019.03.054
https://www.jmir.org/2019/11/e15360/
http://dx.doi.org/10.2196/15360
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31697237&dopt=Abstract
https://www.who.int/standards/classifications/international-classification-of-health-interventions
https://www.who.int/standards/classifications/international-classification-of-health-interventions
http://dx.doi.org/10.1145/3316782.3322763
http://dx.doi.org/10.1145/3267305.3274188
https://doi.org/10.3389/fphar.2019.00680
http://dx.doi.org/10.3389/fphar.2019.00680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31281256&dopt=Abstract
https://ecco.esel.pt/
https://www.jmir.org/2019/11/e14672/
http://dx.doi.org/10.2196/14672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31738171&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0204-x
http://dx.doi.org/10.1186/s13643-016-0204-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26864942&dopt=Abstract
http://dx.doi.org/10.1109/access.2020.2996404
http://dx.doi.org/10.1007/s10916-019-1237-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30949846&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Vaidyam AN, Wisniewski H, Halamka JD, Kashavan MS, Torous JB. Chatbots and conversational agents in mental health:
A review of the psychiatric landscape. Can J Psychiatry 2019 Jul;64(7):456-464. [doi: 10.1177/0706743719828977]
[Medline: 30897957]

23. Ma T, Chattopadhyay D, Sharifi H. Virtual humans in health-related interventions: A meta-analysis. 2019 May Presented
at: CHI '19: CHI Conference on Human Factors in Computing Systems; May 4-9, 2019; Glasgow, Scotland p. 1-6. [doi:
10.1145/3290607.3312853]

24. Tropea P, Schlieter H, Sterpi I, Judica E, Gand K, Caprino M, et al. Rehabilitation, the great absentee of virtual coaching
in medical care: Scoping review. J Med Internet Res 2019 Oct 01;21(10):e12805 [FREE Full text] [doi: 10.2196/12805]
[Medline: 31573902]

25. Provoost S, Lau HM, Ruwaard J, Riper H. Embodied conversational agents in clinical psychology: A scoping review. J
Med Internet Res 2017 May 09;19(5):e151 [FREE Full text] [doi: 10.2196/jmir.6553] [Medline: 28487267]

26. Schachner T, Keller R, Wangenheim FV. Artificial intelligence-based conversational agents for chronic conditions:
Systematic literature review. J Med Internet Res 2020 Sep 14;22(9):e20701 [FREE Full text] [doi: 10.2196/20701] [Medline:
32924957]

27. Chattopadhyay D, Ma T, Sharifi H, Martyn-Nemeth P. Computer-controlled virtual humans in patient-facing systems:
Systematic review and meta-analysis. J Med Internet Res 2020 Jul 30;22(7):e18839 [FREE Full text] [doi: 10.2196/18839]
[Medline: 32729837]

28. Bibault JE, Chaix B, Nectoux P, Pienkowsky A, Guillemasse A, Brouard B. Healthcare ex machina: Are conversational
agents ready for prime time in oncology? Clin Transl Radiat Oncol 2019 Apr 04;16:55-59 [FREE Full text] [doi:
10.1016/j.ctro.2019.04.002] [Medline: 31008379]

29. Hoermann S, McCabe KL, Milne DN, Calvo RA. Application of synchronous text-based dialogue systems in mental health
interventions: Systematic review. J Med Internet Res 2017 Jul 21;19(8):e267 [FREE Full text] [doi: 10.2196/jmir.7023]
[Medline: 28784594]

30. de Cock C, Milne-Ives M, van Velthoven MH, Alturkistani A, Lam C, Meinert E. Effectiveness of conversational agents
(virtual assistants) in health care: Protocol for a systematic review. JMIR Res Protoc 2020 Mar 09;9(3):e16934 [FREE Full
text] [doi: 10.2196/16934] [Medline: 32149717]

31. Bramer WM, de Jonge GB, Rethlefsen ML, Mast F, Kleijnen J. A systematic approach to searching: an efficient and
complete method to develop literature searches. J Med Libr Assoc 2018 Oct;106(4):531-541 [FREE Full text] [doi:
10.5195/jmla.2018.283] [Medline: 30271302]

32. Bar-Ilan J. Tale of Three Databases: The Implication of Coverage Demonstrated for a Sample Query. Front Res Metr Anal
2018 Feb 20;3:6. [doi: 10.3389/frma.2018.00006]

33. Gusenbauer M, Haddaway NR. Which academic search systems are suitable for systematic reviews or meta-analyses?
Evaluating retrieval qualities of Google Scholar, PubMed, and 26 other resources. Res Synth Methods 2020
Mar;11(2):181-217 [FREE Full text] [doi: 10.1002/jrsm.1378] [Medline: 31614060]

34. Martín-Martín A, Orduna-Malea E, Delgado López-Cózar E. Coverage of highly-cited documents in Google Scholar, Web
of Science, and Scopus: a multidisciplinary comparison. Scientometrics 2018 Jun 26;116(3):2175-2188. [doi:
10.1007/s11192-018-2820-9]

35. Moed HF, Bar-Ilan J, Halevi G. A new methodology for comparing Google Scholar and Scopus. J Informetr 2016
May;10(2):533-551. [doi: 10.1016/j.joi.2016.04.017]

36. Haustein S, Bowman T, Costas R. When is an article actually published? An analysis of online availability, publication,
and indexation dates. arXiv Preprint posted online on May 4, 2015. [FREE Full text]

37. Lefebvre C, Glanville J, Briscoe S, Littlewood A, Marshall C, Metzendorf MI, et al. Chapter 4: Searching for and selecting
studies. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al, editors. Cochrane Handbook for
Systematic Reviews of Interventions version 6.2. Chichester, United Kingdom: John Wiley & Sons; 2019.

38. Garousi V, Felderer M, Mäntylä MV. Guidelines for including grey literature and conducting multivocal literature reviews
in software engineering. Inf Softw Technol 2019 Feb;106:101-121. [doi: 10.1016/j.infsof.2018.09.006]

39. Haddaway NR, Collins AM, Coughlin D, Kirk S. The role of Google Scholar in evidence reviews and its applicability to
grey literature searching. PLoS One 2015;10(9):e0138237. [doi: 10.1371/journal.pone.0138237] [Medline: 26379270]

40. Briscoe S, Bethel A, Rogers M. Conduct and reporting of citation searching in Cochrane systematic reviews: A cross-sectional
study. Res Synth Methods 2020 Mar;11(2):169-180 [FREE Full text] [doi: 10.1002/jrsm.1355] [Medline: 31127978]

41. 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]

42. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. AMSTAR 2: a critical appraisal tool for systematic
reviews that include randomised or non-randomised studies of healthcare interventions, or both. BMJ 2017 Dec 21;358:j4008
[FREE Full text] [doi: 10.1136/bmj.j4008] [Medline: 28935701]

43. Gates M, Gates A, Duarte G, Cary M, Becker M, Prediger B, et al. Quality and risk of bias appraisals of systematic reviews
are inconsistent across reviewers and centers. J Clin Epidemiol 2020 Sep;125:9-15 [FREE Full text] [doi:
10.1016/j.jclinepi.2020.04.026] [Medline: 32416337]

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e26680 | p.234https://www.researchprotocols.org/2021/9/e26680
(page number not for citation purposes)

Guerreiro et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1177/0706743719828977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30897957&dopt=Abstract
http://dx.doi.org/10.1145/3290607.3312853
https://www.jmir.org/2019/10/e12805/
http://dx.doi.org/10.2196/12805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573902&dopt=Abstract
http://www.jmir.org/2017/5/e151/
http://dx.doi.org/10.2196/jmir.6553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28487267&dopt=Abstract
https://www.jmir.org/2020/9/e20701/
http://dx.doi.org/10.2196/20701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32924957&dopt=Abstract
https://www.jmir.org/2020/7/e18839/
http://dx.doi.org/10.2196/18839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32729837&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2405-6308(19)30015-1
http://dx.doi.org/10.1016/j.ctro.2019.04.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31008379&dopt=Abstract
http://www.jmir.org/2017/8/e267/
http://dx.doi.org/10.2196/jmir.7023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28784594&dopt=Abstract
https://www.researchprotocols.org/2020/3/e16934/
https://www.researchprotocols.org/2020/3/e16934/
http://dx.doi.org/10.2196/16934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32149717&dopt=Abstract
http://europepmc.org/abstract/MED/30271302
http://dx.doi.org/10.5195/jmla.2018.283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30271302&dopt=Abstract
http://dx.doi.org/10.3389/frma.2018.00006
http://europepmc.org/abstract/MED/31614060
http://dx.doi.org/10.1002/jrsm.1378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31614060&dopt=Abstract
http://dx.doi.org/10.1007/s11192-018-2820-9
http://dx.doi.org/10.1016/j.joi.2016.04.017
https://arxiv.org/pdf/1505.00796.pdf
http://dx.doi.org/10.1016/j.infsof.2018.09.006
http://dx.doi.org/10.1371/journal.pone.0138237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26379270&dopt=Abstract
http://europepmc.org/abstract/MED/31127978
http://dx.doi.org/10.1002/jrsm.1355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31127978&dopt=Abstract
https://doi.org/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
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=28935701
http://dx.doi.org/10.1136/bmj.j4008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28935701&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(19)30712-7
http://dx.doi.org/10.1016/j.jclinepi.2020.04.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32416337&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


44. Pieper D, Puljak L, González-Lorenzo M, Minozzi S. Minor differences were found between AMSTAR 2 and ROBIS in
the assessment of systematic reviews including both randomized and nonrandomized studies. J Clin Epidemiol 2019
Apr;108:26-33. [doi: 10.1016/j.jclinepi.2018.12.004] [Medline: 30543911]

45. Bickmore TW, Picard RW. Establishing and maintaining long-term human-computer relationships. ACM Trans Comput
Hum Interact 2005 Jun;12(2):293-327. [doi: 10.1145/1067860.1067867]

46. de Antonio A, Aylett R, Ballin D. Intelligent virtual agents. 2001 Presented at: Third International Workshop on Intelligent
Virtual Agents; September 10-11, 2001; Madrid, Spain. [doi: 10.1007/3-540-44812-8]

47. El Kamali M, Angelini L, Caon M, Khaled OA, Mugellini E, Dulack N, et al. NESTORE: Mobile chatbot and tangible
vocal assistant to support older adults' wellbeing. 2020 Presented at: CUI '20: 2nd Conference on Conversational User
Interfaces; July 22-24, 2020; Bilbao, Spain p. 1-3. [doi: 10.1145/3405755.3406167]

48. Poole DL, Mackworth AK. Artificial Intelligence: Foundations of Computational Agents, 2nd Edition. Cambridge, United
Kingdom: Cambridge University Press; 2017.

49. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: An
updated guideline for reporting systematic reviews. BMJ 2021;372. [doi: 10.1136/bmj.n71] [Medline: 33782057]

50. White H, Albers B, Gaarder M, Kornør H, Littell J, Marshall Z, et al. Guidance for producing a Campbell evidence and
gap map. Campbell Syst Rev 2020 Nov 19;16(4):e1125. [doi: 10.1002/cl2.1125]

51. Tugwell P, Welch VA, Karunananthan S, Maxwell LJ, Akl EA, Avey MT, et al. When to replicate systematic reviews of
interventions: consensus checklist. BMJ 2020 Sep 15;370:m2864. [doi: 10.1136/bmj.m2864] [Medline: 32933948]

52. Drucker AM, Fleming P, Chan A. Research techniques made simple: Assessing risk of bias in systematic reviews. J Invest
Dermatol 2016 Nov;136(11):e109-e114 [FREE Full text] [doi: 10.1016/j.jid.2016.08.021] [Medline: 27772550]

53. Bittner EAC, Oeste-Reiß S, Leimeister JM. Where is the bot in our team? Toward a taxonomy of design option combinations
for conversational agents in collaborative work. 2019 Presented at: 52nd Hawaii International Conference on System
Sciences; January 8-11, 2019; Maui, Hawaii, USA. [doi: 10.24251/hicss.2019.035]

54. Agarwal S, LeFevre AE, Lee J, L'Engle K, Mehl G, Sinha C, WHO mHealth Technical Evidence Review Group. Guidelines
for reporting of health interventions using mobile phones: mobile health (mHealth) evidence reporting and assessment
(mERA) checklist. BMJ 2016 Mar 17;352:i1174. [doi: 10.1136/bmj.i1174] [Medline: 26988021]

55. Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing evaluation reports of
Web-based and mobile health interventions. J Med Internet Res 2011 Dec 31;13(4):e126 [FREE Full text] [doi:
10.2196/jmir.1923] [Medline: 22209829]

Abbreviations
AMSTAR: A Measurement Tool to Assess Systematic Reviews
EBSCO: Elton B. Stephens Company
eCCo: Harnessing the Power of Conversational e-Coaches for Health and Well-being Through Swiss-Portuguese
Collaboration
JBI: Joanna Briggs Institute
NCD: noncommunicable disease
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
ROBIS: Risk of Bias Assessment Tool for Systematic Reviews

Edited by G Eysenbach; submitted 21.12.20; peer-reviewed by D Dhinagaran, T Schachner, H Sharifi; comments to author 08.03.21;
revised version received 31.05.21; accepted 10.06.21; published 17.09.21.

Please cite as:
Guerreiro MP, Angelini L, Rafael Henriques H, El Kamali M, Baixinho C, Balsa J, Félix IB, Khaled OA, Carmo MB, Cláudio AP,
Caon M, Daher K, Alexandre B, Padinha M, Mugellini E
Conversational Agents for Health and Well-being Across the Life Course: Protocol for an Evidence Map
JMIR Res Protoc 2021;10(9):e26680
URL: https://www.researchprotocols.org/2021/9/e26680 
doi:10.2196/26680
PMID:34533460

©Mara Pereira Guerreiro, Leonardo Angelini, Helga Rafael Henriques, Mira El Kamali, Cristina Baixinho, João Balsa, Isa Brito
Félix, Omar Abou Khaled, Maria Beatriz Carmo, Ana Paula Cláudio, Maurizio Caon, Karl Daher, Bruno Alexandre, Mafalda
Padinha, Elena Mugellini. Originally published in JMIR Research Protocols (https://www.researchprotocols.org), 17.09.2021.
This is an open-access article distributed under the terms of the Creative Commons Attribution License

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e26680 | p.235https://www.researchprotocols.org/2021/9/e26680
(page number not for citation purposes)

Guerreiro et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.jclinepi.2018.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30543911&dopt=Abstract
http://dx.doi.org/10.1145/1067860.1067867
http://dx.doi.org/10.1007/3-540-44812-8
http://dx.doi.org/10.1145/3405755.3406167
http://dx.doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782057&dopt=Abstract
http://dx.doi.org/10.1002/cl2.1125
http://dx.doi.org/10.1136/bmj.m2864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32933948&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0022-202X(16)32356-9
http://dx.doi.org/10.1016/j.jid.2016.08.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27772550&dopt=Abstract
http://dx.doi.org/10.24251/hicss.2019.035
http://dx.doi.org/10.1136/bmj.i1174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26988021&dopt=Abstract
https://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
https://www.researchprotocols.org/2021/9/e26680
http://dx.doi.org/10.2196/26680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34533460&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


(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. 9 |e26680 | p.236https://www.researchprotocols.org/2021/9/e26680
(page number not for citation purposes)

Guerreiro et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Protocol

An App-Based Surveillance System for Undergraduate Students’
Mental Health During the COVID-19 Pandemic: Protocol for a
Prospective Cohort Study

Chris Brogly1,2, MSc; Michael A Bauer3, PhD; Daniel J Lizotte3,4, PhD; MacLean L Press5, BA; Arlene MacDougall4,6,

MD, MSc; Mark Speechley4, PhD; Erin Huner7,8, MA, MEDes; Marc Mitchell5, PhD; Kelly K Anderson4,6, PhD; Eva

Pila5, PhD
1Faculty of Information and Media Studies, Western University, London, ON, Canada
2Faculty of Health Sciences, Western University, London, ON, Canada
3Department of Computer Science, Western University, London, ON, Canada
4Department of Epidemiology and Biostatistics, Schulich School of Medicine and Dentistry, Western University, London, ON, Canada
5School of Kinesiology, Faculty of Health Sciences, Western University, London, ON, Canada
6Department of Psychiatry, Schulich School of Medicine and Dentistry, Western University, London, ON, Canada
7Department of Geography and Envrionment, Faculty of Social Sciences, Western University, London, ON, Canada
8Ivey Business School, Western University, London, ON, Canada

Corresponding Author:
Eva Pila, PhD
School of Kinesiology
Faculty of Health Sciences
Western University
1151 Richmond Street
London, ON, N6A 3K7
Canada
Phone: 1 519 661 2111
Email: epila@uwo.ca

Abstract

Background: The COVID-19 pandemic is a public health emergency that poses challenges to the mental health of approximately
1.4 million university students in Canada. Preliminary evidence has shown that the COVID-19 pandemic had a detrimental impact
on undergraduate student mental health and well-being; however, existing data are predominantly limited to cross-sectional
survey-based studies. Owing to the evolving nature of the pandemic, longer-term prospective surveillance efforts are needed to
better anticipate risk and protective factors during a pandemic.

Objective: The overarching aim of this study is to use a mobile (primarily smartphone-based) surveillance system to identify
risk and protective factors for undergraduate students’ mental health. Factors will be identified from weekly self-report data (eg,
affect and living accommodation) and device sensor data (eg, physical activity and device usage) to prospectively predict
self-reported mental health and service utilization.

Methods: Undergraduate students at Western University (London, Ontario, Canada), will be recruited via email to complete
an internet-based baseline questionnaire with the option to participate in the study on a weekly basis, using the Student Pandemic
Experience (SPE) mobile app for Android/iOS. The app collects sensor samples (eg, GPS coordinates and steps) and self-reported
weekly mental health and wellness surveys. Student participants can opt in to link their mobile data with campus-based
administrative data capturing health service utilization. Risk and protective factors that predict mental health outcomes are expected
to be estimated from (1) cross-sectional associations among students’ characteristics (eg, demographics) and key psychosocial
factors (eg, affect, stress, and social connection), and behaviors (eg, physical activity and device usage) and (2) longitudinal
associations between psychosocial and behavioral factors and campus-based health service utilization.

Results: Data collection began November 9, 2020, and will be ongoing through to at least October 31, 2021. Retention from
the baseline survey (N=427) to app sign-up was 74% (315/427), with 175-215 (55%-68%) app participants actively responding
to weekly surveys. From November 9, 2020, to August 8, 2021, a total of 4851 responses to the app surveys and 25,985 sensor
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samples (consisting of up to 68 individual data items each; eg, GPS coordinates and steps) were collected from the 315 participants
who signed up for the app.

Conclusions: The results of this real-world longitudinal cohort study of undergraduate students’ mental health based on
questionnaires and mobile sensor metrics is expected to show psychosocial and behavioral patterns associated with both positive
and negative mental health–related states during pandemic conditions at a relatively large, public, and residential Canadian
university campus. The results can be used to support decision-makers and students during the ongoing COVID-19 pandemic
and similar future events. For comparable settings, new interventions (digital or otherwise) might be designed using these findings
as an evidence base.

International Registered Report Identifier (IRRID): DERR1-10.2196/30504

(JMIR Res Protoc 2021;10(9):e30504)   doi:10.2196/30504

KEYWORDS

undergraduate; mental health; smartphone; app; COVID-19; postsecondary institutions; mobile apps; mHealth; mobile health

Introduction

There are approximately 1.4 million students enrolled at
Canadian universities [1], and more than 50% of students report
feeling overwhelmed, lonely, anxious, and depressed during
typical periods of study [2]. The presence of mental health
concerns places a demand on campus mental health services,
which has only escalated as students cope with the psychological
effects of the COVID-19 pandemic [3,4]. Since the start of the
pandemic, undergraduate students have faced abrupt
campus-based restrictions, displacement from on-campus living
and learning environments, increased financial uncertainty, and
unprecedented shifts to web-based learning. Further, the
necessary physical distancing policies have diminished
opportunity for social connection, which is important for coping,
particularly during a public health crisis [5]. Preliminary data
on undergraduate students have shown detrimental impacts on
mental health and psychological well-being [4,6-8]. For
example, over 100,000 postsecondary students from across
Canada participated in a web-based Statistics Canada–sponsored
questionnaire about the impacts of the COVID-19 pandemic.
In Spring 2020, students reported significant concern about the
pandemic affecting their academic performance, the disruption
of their studies, loss of work, and increased concerns about their
financial stability [9,10]. As the pandemic progressed to 2021,
research involving undergraduates in the United States, Canada,
and China continued to show that undergraduate students were
experiencing a multitude of difficulties related to their
well-being (eg, financial situation and food security) and
particularly their mental health (eg, depression and anxiety) as
a result of the pandemic [2,3,7-14].

However, notwithstanding some published studies [15-18], the
existing knowledge on undergraduate student mental health
relies primarily on cross-sectional survey-based research. Owing
to the rapidly evolving nature of the pandemic, public health
restrictions, and the current vaccine rollout, research is needed
to examine the dynamic changes in student mental health. Earlier
recommendations for the psychological management of
COVID-19 urged widespread surveillance efforts [19], which
are critical in anticipating the forthcoming mental health needs
for students on campus [20]. Following this, studies that
successfully used mobile surveillance systems to examine

student mental health during the pandemic are now emerging
[17,18].

However, to the best of our knowledge, none of these studies
have been performed at a Canadian university and linked to
campus-based administrative mental health utilization data. As
such, there is a unique opportunity and immediate need to use
a mobile surveillance system to identify the personal and
contextual risk and protective factors, which might prospectively
predict mental health among Canadian undergraduate students,
further contributing to the international results emerging in this
area. This protocol describes a study that integrates 3 separate
data sources—self-reported survey responses, mobile sensor
data, and campus-based health administrative data—to identify
indicators associated with student mental health. This method
of data acquisition based on our designed software will aid in
devising strategies to support vulnerable student groups and
potentially mitigate the adverse effects of COVID-19 and other
future pandemics.

The specific aims of this study are to estimate cross-sectional
associations among student characteristics (eg, living
accommodation, previous on-campus service utilization, and
demographics such as gender/sex), key psychosocial factors
(eg, affect, stress, coping, and social support), and behaviors
(eg, physical activity, sleep, and device usage) during the
pandemic. This study will identify factors associated with
student mental health and coping responses during the pandemic.
Additionally, longitudinal associations between key
psychosocial (eg, affect, stress, coping, and social support) and
behavioral factors (eg, physical activity, sleep, and device usage)
during the pandemic and key health service utilization outcomes
(eg, frequency of visits, diagnoses, and treatments) will be
estimated. We anticipate that the estimation of the previously
described cross-sectional and longitudinal associations will
allow for the identification of indicators of mental health and
coping responses during the COVID-19 pandemic for new
interventions, and may facilitate a prospective prediction of
mental health outcomes by using machine learning methods.

Methods

App Development
Members of this research group (CB, MAB, and DJL)
implemented a new software suite called Ecological Momentary
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Assessment eXtensions 1 (EMAX1) in 2019, which consisted
of a server and customizable mobile app for surveys and device
sensor data collection. Previous software in this area tend to
rely on uploads of large data batches. One example is
StudentLife, which was used for research on university student
mental health since 2014 [21] and remains in successful use as
of 2021 [18]. In comparison, EMAX opts for more restrained
and transaction-based data collection to manage ethical
complexities around the collection of personal and potentially
identifiable data on a university campus [22]. In addition to
StudentLife, software comparable to EMAX has existed for
some time, such as (but not limited to) Funf (2011) [23],
Mobilyze (2011) [24], and Beiwe (2016) [25]. EMAX further
contributes to this space as an up-to-date solution which is
expected to be open-sourced/improved [22] for general
smartphone-based EMA-type research.

EMAX1 was used to facilitate the development of a compact,
digitized version of an existing study called Smart Healthy
Campus (SHC). SHC investigated overviews of undergraduate
mental health by using long internet-based questionnaires.
EMAX1 was used as a cost-effective, customizable software
solution to eliminate the disadvantages of using long
questionnaires while adding the capability to collect a range of
mobile device sensor readings and explore how they might
relate to undergraduate students’ mental health profiles. The
EMAX1-based “Smart Healthy Campus” app was published
on Android/iOS. A publication on the preliminary SHC
formative work was accepted during this protocol submission
[26].

For the current study the EMAX1 software was repurposed and
upgraded to accommodate the pandemic context. Specifically,
the EMAX2 upgrade was implemented to accommodate new

surveys focusing on the pandemic, background data collection
events, and additional sensor items (described in Textbox 1).
As EMAX2 was developed, a new Android/iOS app based on
it was branded as “Student Pandemic Experience” to match the
study name, shown in Figure 1. At the same time, the protocol
for Student Pandemic Experience was developed with a
comprehensive baseline survey assessing sociodemographic
and broad indicators of mental health, and brief weekly
follow-up surveys measuring time-varying psychological
constructs (eg, affect and health behavior engagement). The
SPE study received Health Sciences Research Ethics Board
approval from Western University in October 2020 and
recruitment began in November 2020 when the iOS version of
the SPE app was released. The release of the SPE Android app
followed in December 2020. A separate paper to describe the
EMAX2 platform in technical detail will be available for
September 2021 [22].

For the SPE app, there is a maximum of 68 individual data items
that may be recorded by our server when certain events occur,
such as a questionnaire response event or background data
collection event. Table 1 displays these, although each of the
68 data items are not listed on individual rows for brevity.
Individual components of key items (such as GPS coordinates)
are included as part of the 68-item total. Some items may not
be sent depending on participant permissions for the SPE app.
There are differences between Android and iOS, which only
allowed certain items to be collected on each platform. The
category “Mental Health and Support Resources panel” refers
to data collection features of a panel from our EMAX2-based
apps, which lists mental health–related services and
organizations local to Western University (London, Ontario,
Canada), with their weblinks and telephone numbers.

Figure 1. The Student Pandemic Experience (SPE) App.
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Table 1. A summary of the data collection features of the Ecological Momentary Assessment eXtensions 2nd edition–based Student Pandemic Experience
iOS/Android App.

iOSAndroidData collected

Device and participant characteristics

✓✓Western university email address

✓✓Device make/model/platform

✓✓Time spent completing the survey

✓✓Time spent with the app open

✓✓Timestamps of requests

✓Process names of running apps and time spent executing, idling, RAM usage, and start times

✓✓Detecting the installation of a number of popular apps

✓Mindfulness minutes

✓Height/weight (if recorded)

✓Exercise information (if recorded)

Physical activity and sleep behavior

✓✓Step count information at various times and elevations (including floors ascended or descended)

✓Apple bedtime information

✓✓System sleep time

✓✓Imprecise GPS coordinates (latitude, longitude, accuracy, heading, and speed)

Active device usage

✓✓System start time

✓✓Central processing unit/individual central processing unit core idle, user, and kernel time

✓✓Available RAM/total RAM

✓✓SIM Information: call state at current time

✓✓Internet connection type (WiFi/data)

✓✓Device plugged in or not

✓✓Battery level

✓✓System up time

✓Air temperature, ambient light level, humidity, and air pressure

✓✓Amount of free storage space, internal or external

✓✓Counts of photos

Mental health and support resources panel with weblinks and telephone numbers

✓✓Time spent with the panel open

✓✓Which resource links or phone numbers were selected (records if participants tapped phone numbers or weblinks)

Social activity

✓✓Total contact counts

✓✓Family-related contact counts

✓✓Friend-related contact counts

✓✓Calendar events daily

✓✓Calendar events weekly

Study Design
SPE is a longitudinal survey–based prospective cohort study,
with data collection based on the purpose-built SPE mobile app,
which relies on established smartphone personal sensing

capabilities [27]. It is capable of weekly repeat measures, ideally
suited to studying time-varying phenomena [28]. The study
does share similarities with previous EMA-based smartphone
studies [16,21], although this work will have only a weekly
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sample rate of self-report surveys, in addition to background
sensor data that are collected at multiple points daily.

Setting
The setting is Western University from November 9, 2020, until
October 31, 2021. Funds permitting, the study may extend into
the Fall 2021 semester, but the study is not expected to continue
to 2022. Most participants stated they were living on or near
Western University’s main campus during the Fall 2020/Winter
2021 semesters; others may be located out of town simply owing
to living arrangements. As the baseline survey is internet-based,
and additional participation is facilitated through the SPE app,
participants may contribute to the study from any location. At
the time of writing, some were participating in various countries
outside Canada.

Throughout the pandemic, significant outbreak events occurred
in residence buildings and in predominantly student living areas
in London (Ontario, Canada), similar to other universities [29].
Considering that predominantly student living areas can be
COVID-19 hotspots and that restrictive measures changed, we
believe this justifies the weekly repeat measures and hourly
sensor data collections for this investigation of an overview of
undergraduate mental health. Additionally, provincial/university
restrictive measures are expected to influence participant
location. For instance, Western University’s residences were
not fully open again in 2021, until February, as Western
University delayed opening its residences owing to the
provincial lockdown.

Recruitment and Consent
Through campus-wide emailing systems, all Western University
undergraduate students were invited via mass email to complete
a web-based baseline survey. To complete the baseline survey,
a participant had to view and accept the letter of information
and consent for the study. After completing the baseline survey,
participants received another email with information on the SPE
app and Snapchat and quick response codes to download. If
participants chose to continue with weekly participation through
the SPE app, they were required to view the letter of information

again during the sign-up process in the app and were also able
to consent for linkage with their records from administrative
sources on campus (health and psychological services).

Inclusion and Exclusion Criteria
The initial inclusion criterion was that a participant would be a
first-year undergraduate student at Western University; to
increase enrollment, in January 2021, this criterion was relaxed
to include any undergraduate students. Exclusion criteria were
an inability to provide written informed consent or to complete
surveys or forms owing to language or cognitive difficulties;
students enrolled in graduate or professional programs; or
students enrolled and actively participating in the SHC study,
which employed a similar version of the software and was
initiated prior to the pandemic.

Participant Compensation
Participants will be remunerated for time spent completing
surveys. Participants who submitted the internet-based baseline
surveys will be compensated with a Can $10 Amazon e-gift
card. Participants who complete at least 3 of 4 weekly surveys
each month will be compensated with a Can $10 Amazon e-gift
card per month. This compensation structure was intended to
optimize baseline recruitment and promote participant retention
over time.

Baseline Survey
The SPE baseline survey is composed primarily of existing
psychometrically tested instruments that demonstrate validity
evidence, and takes approximately 30 minutes to complete. It
is delivered on the internet through the Qualtrics XM platform.
Participants were asked about sociodemographic factors, current
living arrangement, physical and mental health history, social
support, and COVID-19–related risks. Participants may skip
any questions they prefer not to answer. The composition of
the baseline survey is outlined below in Textbox 1. Many
COVID-19 questions were adapted from The Healthy Minds
Network + American College Health Association COVID HMS
Survey Items Spring 2020 [30].
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Textbox 1. Baseline survey items and questionnaires.

Sociodemographics

• Age

• Sex & gender

• Ethnicity

• Sexual minority status

• Relationship status

• Socioeconomic status

Campus/student data

• Faculty name

• Degree (based on faculty)

• Program year

• Place of residence (on campus in residence, off campus in London, or off campus outside London)

• Classes enrolled in

• Time spent web-based vs in-person learning

Diagnosed mental illness

• Lifetime diagnosis

COVID-19 assessment and history

• Previous diagnosis of COVID-19

• If yes, symptom severity

• If yes, hospitalization

• Engaging in recommended hygiene practices

• COVID-19–related discrimination

Physical activity

• Leisure Time Physical Activity Questionnaire [31]

Perceived social connection

• Social Connectedness Scale 8-items [32]

Depressive symptoms

• Patient Health Questionnaire 9 items [33]

Anxiety symptoms

• Generalized Anxiety Scale, 7-item [34]

Flourishing

• Flourishing Scale, 8-item [35]

Resilience

• Brief Resilience Scale, 6-item [36]

Self-compassion

• Self-Compassion Scale Short Version [37]

Body appreciation

• Body Appreciation Scale-2 [38]
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Self-worth

• Contingencies of Self-Worth Scale [39]

Weight bias

• Weight Bias Internalization Scale [40]

Self-objectification

• Self-Objectification Beliefs & Behaviours Scale [41]

SPE App and Weekly Surveys
The SPE app facilitates the distribution of the weekly surveys
should participants choose to continue with the study past the
baseline survey. An app survey takes approximately 5 minutes
to complete each week. Push notifications are sent to participants
weekly to remind them to complete a brief report of their
psychosocial states and behaviors over the past week. Similar
to the baseline survey, they are primarily based on existing
validated instruments with some new items for COVID-19.
COVID-19–related questions include 2 questions for reporting
on COVID-19 symptoms. A notification is set up on the app,
so that, if participants report in their questionnaire responses
experiencing at least 1 important COVID-19 symptom (such
as difficulty breathing, fatigue, cough, loss of appetite, muscles
aching, sore throat, diarrhea, nausea, loss of sense of smell, or
fever), they are prompted to visit the Ontario government’s
COVID-19 self-assessment website [42] and be provided with
recommendations. Textbox 2 outlines the biweekly assessment
items.

The SPE app supports other features in addition to administering
the questionnaire. Background data collection occurs every 1,
2, or 3 hours depending on the participant setting. When the
app is closed, background data collection stops. The app also
includes a “Mental Health Resources” panel that offers various
support services relevant to Western University’s undergraduate
students. If a participant uses this panel, actions including
clicking on weblinks or telephone numbers to the services are
recorded. The app is designed to collect data from device
sensors, such as GPS coordinates, physical steps, and other
device and use characteristics (as shown in Table 1). When a
participant starts a questionnaire, completes a questionnaire,
uses the mental health resource panel, or when the app triggers
a background data collection event, based on the participant
setting, data are collected through the app. All data are sent over
HTTPS and are further encrypted when stored by the app server;
GPS coordinates are first encrypted on the device with RSA
before being sent over HTTPS.
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Textbox 2. Biweekly assessment items.

Mental health symptoms

• Depression Anxiety and Stress Scale [43]

Self-compassion

• 6-item weekly self-compassion items [44]

COVID-19 monitoring

• Symptom monitoring (adapted from Health Canada)

• Pandemic worry

• Impact of pandemic on academics

• Impact of pandemic on mental well-being

• Impact of pandemic on first-year experience

Substance use

• Binge drinking in past 2 weeks

• Use of recreational substances in past 2 weeks

Affect

• Positive and Negative Affective Schedule [45]

Body emotions

• 4-item body self-conscious emotions [46]

COVID-19 monitoring

• Symptom monitoring (adapted from Health Canada)

• Impact of pandemic on first-year experience

• Pandemic worry

• Impact of pandemic on academics

• Impact of pandemic on mental well-being

Dietary restraint

• Restrict food intake to influence shape/weight in past 2 weeks [47]

Physical activity

• Moderate-to-vigorous physical activity in past 2 weeks

• Strength training in past 2 weeks

• Primary reason for exercising

Data Preparation and Analysis
SPSS, R, and Python will be used for data cleaning and analysis
of items described in Tables 1 and 2, as required. Additional
tools may also be used. The data infrastructure we develop for
subsequent publications is expected to support a wide range of
analyses, ranging from confirmatory (eg, studying the
association between COVID-19 perceptions and mental health
utilization) to exploratory (eg, identifying clusters of students
with similar psychological profiles). The identification of student
clusters based on the psychological profile (derived from
questionnaire responses and mobile sensor data) is expected to
reveal various mental health–related states, which may range

from positive to negative, and predict campus-based mental
health utilization. Taken together, this information might then
be used to identify students at higher risk and inform
decision-making or build evidence-based interventions (digital
or otherwise) that may target at-risk individuals, and broadly
promote indices of positive mental health and reduce indices
of negative mental health.

Initial analyses will use the cross-sectional data to assess
univariate and multivariable associations between psychosocial
and behavioral factors and outcomes, including health and
psychological service utilization. Following this, the longitudinal
data will be used to assess these associations and their change
over time by applying repeated measures techniques. Statistical
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comparisons might include (but will not be limited to) t tests,
analysis of variance, the Mann–Whitney U test, Kruskal–Wallis
test, Pearson/Spearman correlation analyses, and linear and
multiple regression analyses. This will be followed by
exploratory analyses using machine learning methods to identify
latent structure in the data and to develop predictive models for
mental health outcomes. Additionally, a log of key events related
to the COVID-19 pandemic will be compiled during data

collection. The log may include items such as on-campus
outbreaks and vaccine developments. Potential associations
between these events and study data will be explored during
analysis. As this is an exploratory study examining a constantly
evolving health and social phenomenon, additional research
questions and analyses are expected to arise as the study
progresses.

Table 2. Data collection summary from November 9, 2020, to August 8, 2021.

Value, nData

315Participants

4851Survey responses

25,985Sensor samples

Results

Participation and Data Collection Summary
After 2 months of first year–only recruitment from November
9 to December 31, 2020, a total of 87 first year students were
actively participating. To obtain a larger participant group, we
amended the study in January 2021 to allow for recruitment of
all undergraduate students; a total of 427 completed the baseline
survey. In total, 315/427 (74%) students signed up to use the
SPE app and 266/315 (84%) completed at least 1 weekly app
survey. Recruitment efforts ended in February 2021. From
mid-February to April 2021, weekly app usage was in a steady
range of 175-215 participants. Regular participation declined
over the summer term from May to August 2021, and by August
2021 there were approximately 95 participants still responding
to surveys. Data collection, at the time of this writing, was
conducted from November 9 to August 8, 2021, and data
collection was planned to conclude October 31, 2021. Data

collection efforts are summarized below in Table 2. Each
participant completed at least 1 survey. Each “sensor sample”
consists of all the items in Table 1, although certain values for
items may be null owing to participant telephone permissions
(they may deny GPS access, for instance) or data simply being
unavailable depending on the situation or smartphone model.

The analysis of the survey responses (representative of mental
health–related states) and sensor sample data (representative of
associated lifestyle/behavior) is not provided in this protocol
paper and will be the main component of a subsequent
publication.

Demographics
Below, Table 3 outlines key aspects of participant demographics,
and Table 4 shows key participant experiences with COVID-19.
These results were taken from the SPE internet-based baseline
survey. Owing to their length, some data that were collected
were omitted from these tables. The full versions of the tables
are provided in Multimedia Appendix 1.
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Table 3. Participant demographics at baseline. Additionally, as questions can be skipped, sometimes the cells for each item may not add to 100%.

Completed baseline survey
only (n=161), %

Completed baseline survey
and at least 1 app survey
(n=266), %

Data

What is your gender identity?

24.922.9Man

74.575.9Woman

≤5≤5aTrans man

≤5≤5Trans woman

≤5≤5Gender queer/gender nonconforming

Enrollment status

80.7575.2Full-time

≤5≤5Part-time

19.320Missing

Enrollment year

23.622.2First year

11.818.8Second year

19.317.7Third year

23.614.6Fourth year

≤5≤5≥Fifth year

Device type

22.414.7Android

77.685.3iOS

How would you characterize your relationship status?

55.956.8Single

4142.1In a relationship

≤5≤5Married, domestic partnership, engaged

≤5≤5Missing

Housing situation

48.451.5On or off campus non-university housing in London, Ontario

27.324.4On-campus housing

21.121.1Outside of London, Ontario

≤5≤5Other

Proportion of classes enrolled in primarily web-based learning?

73.781.9All classes

26.328.1Some classes

Diagnosis for mental health condition

58.459.4None

≤5≤5Do not know

69Anxiety

≤5≤5Bipolar disorder

20.520Depression

≤5≤5Eating disorder

≤5≤5Neurodevelopmental disorder (eg, attention-deficit/hyperactivity disorder)
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Completed baseline survey
only (n=161), %

Completed baseline survey
and at least 1 app survey
(n=266), %

Data

≤5≤5Obsessive-compulsive or related disorder (eg, body dysmorphia)

≤5≤5Substance use disorder

≤5≤5Trauma and stressor related disorders (eg, posttraumatic stress disorder)

aFor privacy reasons, “≤5%” is used in some cells.

Table 4. Experience with COVID-19 at baseline. Additionally, as questions can be skipped, sometimes the cells for each item may not add to 100%.

Completed baseline survey
only (n=161), %

Completed baseline survey
and at least 1 app survey
(n=266), %

Data

Have you had COVID-19?

≤5≤5aYes (confirmed by a test)

≤5≤5Probably (eg, a health care provider told me that I likely had COVID-19, but it was
not confirmed by a test)

7.57.9Maybe (eg, I have had symptoms consistent with COVID-19, but it was not confirmed
through a test)

9089.5No (no symptoms or other reason to think I have had it)

How severe were any of the symptoms of COVID-19?b

≤5≤5Severe (eg, difficulty breathing or speaking, low blood pressure, and a high fever of
103°F [39.4°C] or higher)

6.28.3Moderate (eg, some shortness of breath, cough, a fever of 100.4°F [38°C] or higher,
or mild [eg, cold-like symptoms])

≤5≤5No symptoms (asymptomatic)

How likely do you think you will get COVID-19?c

≤5≤5Very likely

6.2≤5Likely

42.947Somewhat likely

41%36.8Not at all likely

To what extent have you been following recommendations for hygiene practices (frequent hand-washing; avoiding touching your eyes, nose,
and mouth; and disinfecting surfaces)?

≤5%≤5%Not at all following recommendations

6.2%≤5%Not closely following recommendations

46.6%46.2%Somewhat closely following recommendations

47.249.2%Very closely following recommendations

To what extent have you been following recommendations for social/physical distancing (maintaining a 6-foot distance between yourself and
others in public, avoiding large gatherings, and avoiding nonessential trips outside of home)?

≤5≤5Not at all following recommendations

6.8≤5Not closely following recommendations

50.946.2Somewhat closely following recommendations

4149.2Very closely following recommendations

aFor privacy reasons, ≤5% is used in some cells.
bOnly asked to students who reported having had COVID-19.
cMay include students that previously disclosed infection.
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Discussion

Expected Outcome
This novel and integrated surveillance paradigm will support
action to address student mental health during an unprecedented
public health crisis. The outcomes of this surveillance study
will provide postsecondary institutions with critical data to
support evidence-informed planning and decision-making after
a pandemic, as well as ongoing resourcing of student mental
health supports. Further, the SPE app will be used as a model
for the development of other institution-specific tools that
combine student-level data, campus-wide administrative data,
and longitudinal self-reported data. By examining associations
between (1) student characteristics and key psychosocial and
behavioral factors and (2) how these factors predict health
service utilization, this study will be essential to building
capacity at institutions for the early estimation of student mental
health concerns, as well as informing the creation of agile and
responsive institutional policies during a public health crisis.

Impact
To the best of our knowledge, there are no comparable studies
conducted on student mental health at any Canadian institution
during a pandemic such as COVID-19. A study from a US Ivy
League university on student mental health during the pandemic
has been conducted with similar data collection techniques by
using a platform that pre-dates our EMAX software [17,18].
Although aspects of the university experience in Canada might
be comparable to those at institutions from other studies on
student mental health, it still is a nuanced experience that may
not be fully represented by other studies in the area. Further,
this study will be the first to integrate administrative
campus-based mental health utilization data with longitudinal
self-report and sensor data on mental health. Therefore, this
research is expected to be of particular interest to post-secondary

institution stakeholders and policy makers in Canada. In
particular, this study has the potential to inform other
postsecondary institutions that are considered a residential
campus, and thus comparable to Western University. Our results
are also expected to provide a foundation on which new
evidence-based interventions in lifestyle (digital or otherwise)
might be designed to improve student mental health at Canadian
institutions, given our combination of mental health–related
assessment via questionnaires with its associated sensor data
collected from cellphones.

Limitations
There are some limitations to the study. For instance, the data
collected during the end of 2020 were limited to first-year
students only, and were expanded to all undergraduate students
at the beginning of 2021. Additionally, despite our EMAX-based
SPE app being able to collect up to 68 values from participants,
in practice we will receive less than that number since many
items were optional with cellphone permissions. Another
potential limitation is that participants might not have always
had their cellphones with them during lockdowns, which might
impact our results.

Conclusions
Given the absence of longitudinal data on student lifestyle and
indicators of mental health during a pandemic in Canada, this
study is expected to produce a unique assessment of
undergraduates with our mobile surveillance system, which has
captured aspects of day-to-day life combined with a significant
number of weekly responses. Analysis of these data is expected
to yield various mental health-related states associated with
academic and pandemic-related events. Our results are expected
to be of use for the design of interventions to improve student
mental health during a pandemic and to institution stakeholders
who may benefit from the results for policy and
decision-making.
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Abstract

Background: The increase in cell phone ownership in low- and middle-income countries (LMIC) has created an opportunity
for low-cost, rapid data collection by calling participants on their cell phones. Cell phones can be mobilized for a myriad of data
collection purposes, including surveillance. In LMIC, cell phone–based surveillance has been used to track Ebola, measles, acute
flaccid paralysis, and diarrheal disease, as well as noncommunicable diseases. Phone-based surveillance in LMIC is a particularly
pertinent, burgeoning approach in the context of the COVID-19 pandemic. Participatory surveillance via cell phone could allow
governments to assess burden of disease and complements existing surveillance systems.

Objective: We describe the protocol for the LeCellPHIA (Lesotho Cell Phone PHIA) project, a cell phone surveillance system
that collects weekly population-based data on influenza-like illness (ILI) in Lesotho by calling a representative sample of a recent
face-to-face survey.

Methods: We established a phone-based surveillance system to collect ILI symptoms from approximately 1700 participants
who had participated in a recent face-to-face survey in Lesotho, the Population-based HIV Impact Assessment (PHIA) Survey.
Of the 15,267 PHIA participants who were over 18 years old, 11,975 (78.44%) consented to future research and provided a valid
phone number. We followed the PHIA sample design and included 342 primary sampling units from 10 districts. We randomly
selected 5 households from each primary sampling unit that had an eligible participant and sampled 1 person per household. We
oversampled the elderly, as they are more likely to be affected by COVID-19. A 3-day Zoom training was conducted in June
2020 to train LeCellPHIA interviewers.

Results: The surveillance system launched July 1, 2020, beginning with a 2-week enrollment period followed by weekly calls
that will continue until September 30, 2022. Of the 11,975 phone numbers that were in the sample frame, 3020 were sampled,
and 1778 were enrolled.

Conclusions: The surveillance system will track COVID-19 in a resource-limited setting. The novel approach of a weekly cell
phone–based surveillance system can be used to track other health outcomes, and this protocol provides information about how
to implement such a system.

International Registered Report Identifier (IRRID): DERR1-10.2196/31236
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Introduction

The proliferation of cell phone ownership in sub-Saharan Africa
(SSA) [1-3] over the past 10 years has created the opportunity
to collect health data via cell phones [4-6]. As of 2019, 45% of
the population had mobile services, and 50% of the population
will have a phone by 2025, translating to almost 1 billion people
in SSA owning a cell phone [7]. Because cell phones have
created an opportunity for low-cost, rapid-data collection, public
health actors use cell phones for a myriad of public health
purposes, creating a growing evidence base about the feasibility
and validity of cell phone surveys [8-10].

In SSA, the main remote data collection modes are interactive
voice response (IVR — “automated voice calls”), SMS, and
computer-assisted telephone interviews (CATI — live
interviewer administering the survey). Because literacy is not
universal in many low- and middle-income countries (LMIC),
CATI — although usually the most expensive approach — is
the ideal mode for cell phone surveys aiming to contact the
general population. When contacting a known population such
as health professionals, who are literate and should have digital
proficiency, IVR or SMS can be appropriate. Response rates
are significantly higher using CATI than using IVR or SMS
[4]. Although response rates vary by country, a recent study in
Nigeria documented a 15% CATI random digit dial (RDD)
response rate, 3% for IVR, and 0.2% for SMS [11]. RDD is a
popular sampling approach [10,12], but even with quota
sampling, RDD consistently creates a sample that is more male,
educated, and urban than the target population [2,11-14].
Therefore, the optimal way to interview a representative sample
by cell phone is to enroll participants during a face-to-face
interview [13,15].

A critical application of remote data collection in global health
is surveillance. Surveillance by phone is low-cost, is efficient,
and allows data collection in remote locations. Surveillance via
cell phone can be conducted using any of the aforementioned
modes to collect data from either health facility staff, community
health workers, or lay people. Studies in the Central African
Republic [16] and Togo are examples of health care workers
using apps to increase the completeness and timeliness of disease
surveillance reports coming from health facilities [17]. In Côte
D’Ivoire, a surveillance system relied on community health
workers to text health facility staff if any of 5 infectious diseases
(suspect measles, yellow fever, acute flaccid paralysis, cholera,
and meningitis) were detected. This approach resulted in the
first 3 of the aforementioned diseases having substantially higher
reporting than before the system was implemented [18]. In a
similar design to the study in Côte D’Ivoire, health care workers
in Niger participated in a human (acute flaccid paralysis and
measles) and animal (rabies and peste des petits ruminants)
surveillance system via weekly calls [19].

In contrast, participatory surveillance engages a public (lay)
population at risk to report on their health-using technology
(often using a mobile phone via internet, SMS, or calls) to
collect data independent of the health care system [20]. In
Tanzania, women in an informal settlement were enrolled via
convenience sampling and randomized to send either daily or
every-other-day text messages about occurrence of their child’s
diarrhea [21]. Over the 4-month study, the overall response rate
for the study was 47%, and diarrhea was reported more
frequently during daily texting compared with less frequent
texting. Although examples of participatory surveillance in SSA
are limited, participatory surveillance has increased worldwide
due to the COVID-19 pandemic [22-24].

The increased use of cell phone–based surveillance is pertinent
in the context of the COVID-19 pandemic since in-person data
collection was discouraged, particularly at the beginning of the
pandemic. All countries have faced substantial challenges
confronting the COVID-19 pandemic. LMIC, in particular, were
able to address certain challenges such as improving lab capacity
quickly, but other challenges posed by COVID-19 such as
underdeveloped surveillance systems require long-term
investment to improve [25]. Thus, participatory COVID-19
surveillance can be valuable in shaping the national response
and allocation of resources. Participatory surveillance data,
which would allow governments to assess COVID-19 burden,
mortality, and location of outbreaks, would complement existing
surveillance systems and be shared with country COVID-19
task forces who would respond to new cases following national
response guidelines.

The cell phone–based participatory surveillance system
presented in this manuscript was enacted in Lesotho, a
landlocked country with a population just over 2 million people
within Southern Africa. After a lockdown from April 30, 2020
to May 5, 2020, Lesotho reported its first case of COVID-19
on May 13, 2020 [26]. This is in contrast with neighboring
South Africa, which by the end of April 2020 already had over
5000 cases [27]. The difference between countries can mostly
be attributed to a lack of testing in Lesotho, as the country relied
on testing suspect cases in South Africa, where the infrastructure
was overwhelmed. COVID-19 infections in Lesotho spiked in
December 2020 due to the influx of migrant workers returning
from South Africa for the holiday season [28]. As of April 2021,
Lesotho had conducted 71,129 COVID-19 tests, of which 10,707
(15.1%) were positive [29], and recorded 315 deaths [30].

The participatory surveillance system we present (called
LeCellPHIA [Lesotho Cell Phone PHIA]) fulfills the first aim
of the World Health Organization’s global COVID-19
surveillance objectives as published on March 20, 2020: monitor
trends in COVID-19 disease at national and global levels [31].
Specifically, we tracked influenza-like illness (ILI) by
conducting surveillance via a cell phone survey targeting recent
face-to-face survey participants to create a population-based,
nationally representative estimate of COVID-19 disease burden
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in Lesotho. The objective of this manuscript is to detail the
methods used to implement the participatory surveillance
system.

Methods

Study Design

Overview of Study Design
We are contacting participants via CATI weekly for 27 months
(July 1, 2020 to September 30, 2022) to report ILI symptoms
as a proxy for COVID-19 symptoms. We inquire about fever,
dry cough, and shortness of breath for the participants as well
as their household members. As this is syndromic surveillance,
we do not ask about testing.

Parent Study
With an HIV prevalence rate of 25.6%, Lesotho has one of the
highest rates in the world [32]. The 2020 Lesotho Population
HIV Impact Assessment (LePHIA2020) was a cross-sectional,
household-based, nationally representative survey that assessed

the prevalence of key HIV-related health indicators such as HIV
incidence, prevalence, viral load suppression, and risk behaviors
and described uptake of key HIV prevention, care, and treatment
services [33]. This 2-stage cluster survey took place between
December 2019 and March 2020 and included 9665 households
and 16,466 individuals, with a 93.1% household response rate.
All adults aged 15 years and older in the household who slept
in the house the night before were invited to participate. There
was a 93.6% individual interview response rate and 93.2% HIV
testing response rate.

Sample Frame
All LePHIA2020 participants who completed the survey were
asked if they agreed to be contacted for future research in the
next 3 years. The sample frame included all LePHIA2020
participants aged ≥18 years that completed the LePHIA2020
interview, consented to follow-up, and provided a valid phone
number. This equates to approximately 11,975 participants of
the 15,267 people aged 18 years and older (79%) who were
interviewed for LePHIA2020 (see Figure 1).

Figure 1. Study enrollment flowchart. LeCellPHIA: Lesotho Cell Phone PHIA; LePHIA2020: 2020 Lesotho Population-Based HIV Impact Assessment;
PHIA: Population-based HIV Impact Assessment.

Cleaning Phone Numbers
The LePHIA2020 data are collected via tablets which allows
for data quality assurance. The sole data entry parameter for the
question about the participant’s phone number was that the data
had to be numeric. Therefore, phone numbers of varying lengths
were entered, of which some included country codes. With the
goal of creating a sample frame that includes only valid phone
numbers, a data analyst worked in close collaboration with the
Lesotho team to identify phone numbers that were numerically
feasible. For this study, phone numbers between the length of
8 and 12 digits — but excluding 10 digits — were considered
valid. This range allowed for Lesotho and South African phone
numbers with and without a country code. Phone numbers with

a length of 10 digits are invalid because no definite rule can be
given to determine whether it was a South African number with
a missing digit or a Lesotho number with an extra digit.
Depending on the number of the digits the phone number started
with, it was classified as a Lesotho or South African phone
number; then, all phone numbers were coded in a consistent
manner so that the interviewer could copy and paste the phone
number from the survey software into the phone.

Pulsing
Despite including only numerically feasible phone numbers in
our sample frame, we still expected a notable amount of
nonresponse. To improve the estimate of the percent of phone
numbers that would be classified as noncontact, we conducted
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“pulsing” [34]. Before creating the sample, 3 supervisors called
100 phone numbers that were randomly sampled and excluded
from the LeCellPHIA sample frame. Pulsing is calling each
phone number once, and if the call rings, allowing the call to
ring only once before hanging up. The goal was not to speak to
the person whose phone number we called but to record whether
the phone number had the possibility of being answered. There
were 3 possible outcomes for each call: the call rang; the
subscriber was unavailable (due to network issues, the
participant being out of service, or the phone being switched
off); or the phone number did not exist, which meant the phone
number was no longer in use and thus could not be answered.

Sampling
For LeCellPHIA, we followed the sample design for
LePHIA2020 by including all 342 primary sampling units
(PSUs) from the 10 districts. Within each PSU, we oversampled
households (HHs) with elderly defined as age ≥60 years, with
sampling ratio of 2:1 between HHs with and without elderly.
We randomly selected 5 HHs in each PSU from those HHs that
had eligible participants. From each sampled HH, 1 person 18
years of age or older was sampled. Based on prior cell phone
studies in SSA, we assumed a 25% noncontact rate and 10%
refusal rate. To obtain the target sample size of 5 persons per
PSU (1710 persons across all PSUs), we called approximately
9 persons in each PSU in the first call (3020 persons across all
PSUs) to end with approximately 1710 people in our sample.
To increase our sample size, we asked all 1710 people about
their household members’ symptoms (average of 2.9 people per
household). Given that the virus can spread among family
members, we set an intraclass correlation (ICC) of 0.25.
Assuming an ICC of 0.25 and average HH size of 3, the design
effect within the household was 1+(3[average size of HH]–
1)*0.25 [ICC]= 1.5. Thus, the effective sample size in each HH
was 3/1.5 = 2, resulting in an effective overall sample size of
3420.

Training
All interviewers were recruited from the recently finished
LePHIA2020 and thus had been previously trained by ICAP in
ethics, building rapport, and using tablets for data collection,
among other topics. Survey personnel were selected based on
their LePHIA2020 performance, and all were proficient in

English and Sesotho. Before training, each interviewer received
a tablet, headphones, Wi-Fi router, and a lockbox to secure the
aforementioned equipment. The 2 supervisors underwent a 1-day
training followed by a 3-day LeCellPHIA interviewers’ virtual
training via Zoom. All interviewers connected from their homes.
Staff in the Lesotho ICAP office joined the meeting in a socially
distanced room. The curriculum of the training covered how to
conduct phone interviews, how to use the software
(SurveyCTO), objectives of the research, workflow,
responsibilities, monitoring, and COVID-19 information.
Specific to COVID-19, survey staff were trained on COVID-19
transmission risk factors, how to mitigate spread in the home
and in the community, and other general knowledge about the
virus. Slack, a channel-based message platform, is used as the
main communication channel between interviewers, supervisors,
and ICAP staff. There are Slack channels to communicate about
process-related challenges and COVID-19 questions, and there
is a private channel for interviewers to communicate and a
private channel for supervisory-level staff.

Pilot
All 20 interviewers practiced the survey by calling both
LeCellPHIA supervisors and 20 randomly selected LePHIA2020
participants who consented to follow-up but were not part of
the selected LeCellPHIA sample. Each interviewer made at
least 15 calls; these were recorded and reviewed by supervisors
and the survey coordinator to evaluate how each interviewer
performed. We used the pilot performance to select the 16
best-performing interviewers for the survey, while 4 remained
on a hiring wait list.

Questionnaire
The participatory COVID-19 syndromic surveillance questions
were developed using Centers for Disease Control and
Prevention (CDC) guidance and through consultation with local
staff. The enrollment questionnaire, administered only during
the first 2 weeks of data collection, had 28 questions (Figure
2). The weekly surveillance questionnaire has between 8 and
11 questions, depending on whether the participant or household
member is reported sick the previous week (Figure 3).
Abbreviated verbal consent scripts, questionnaires, and other
participant-facing documents were translated by ICAP into
Sesotho from English.

Figure 2. Lesotho Cell Phone Population-based HIV Impact Assessment (LeCellPHIA) participant enrollment steps. ILI: influenza-like illness.
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Figure 3. Weekly surveillance questions for Lesotho Cell Phone Population-based HIV Impact Assessment (LeCellPHIA) participants about influenza-like
symptoms experienced by themselves and household (HH) members.

Software
Questionnaires were programmed into the SurveyCTO format
using a Microsoft Excel template, then uploaded onto the
project’s SurveyCTO server. SurveyCTO’s case management
system allows the data management team to assign interviewers
a weekly participant list to call. Each week, the data
management team generates a new list based on the previous
week’s results.

Using the SurveyCTO Collect version 2.70.3 mobile application
on an Android (operating system 7) tablet, interviewers access
the participant list assigned to them to conduct their weekly
interviews. The participant list automatically updates (ie,
removes a participant) when a submitted form indicates any of
the following: (1) a participant completed the interview for the
week or (2) a participant withdrew from the study. If a
participant is called 4 times in a week (and a form was submitted
each time), then the participant is also removed from the list as
4 is the maximum number of contacts in a week. Once a form
is saved and finalized on the SurveyCTO Collect app, it is
encrypted, and the data are no longer accessible on the device.
Once the data are sent to the SurveyCTO server, the data can
only be downloaded using a private encryption key.

SurveyCTO’s audio audit feature is used for supervision
purposes. A random selection of 20% of calls is recorded for

supervisors to listen to. Due to security features on the Android
operating system of the devices used for data collection, only
the interviewer side of the call could be heard.

Enrollment
To enroll a random sample of approximately 1710 participants,
16 interviewers were assigned 150 participants to call.
Interviewers called participants from a private space in their
own home or office, ensuring confidentiality. The interviewer
wore headphones with a microphone to improve the acoustics
and privacy of the calls. The interviewers enrolled participants
between July 1, 2020 and July 13, 2020. If the phone number
was busy or not picked up, interviewers called back later for a
minimum of 7 call attempts over the 2 weeks, using alternate
phone numbers if provided. During the enrollment period, there
was a daily debrief call between the afternoon and evening shift
for all staff that had worked that day. Interviewers called
approximately 20 new participants per shift for 7 shifts, then
used the remaining 3 shifts at the end of enrollment to solely
call back noncontacts.

Participants who answered the phone call were eligible if they
confirmed they participated in LePHIA2020, lived in the same
home where LePHIA2020 was conducted or planned to go back
to the home in the next year, confirmed they were over 18 years
of age, provided abbreviated verbal consent, and could hear and
understand questions in English or Sesotho. Participants who
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were otherwise eligible but were not currently living in the
house where they answered LePHIA2020 questions were put
on a monthly callback list if the participant indicated they would
return home sometime in the next 12 months.

During the enrollment phone calls, interviewers oriented the
participant to the purpose of the call, confirmed eligibility, and
if eligible, administered up to 3 consents. The initial consent
included information about the purpose of the survey, described
the requirement of the participants, clarified that participation
is voluntary, outlined the anticipated burden (length of study),
and provided information on the incentive. Once consented, the
interviewer then used the household roster from LePHIA2020
to establish which household members were still living with
that participant and asked about ILI symptoms for the participant
and their household members. The second abbreviated verbal
consent, which occurred at the end of the baseline phone call,
consented the participant to weekly calls to ask about ILI
symptoms for the participant and their household members. If
the participant consented, a third abbreviated verbal consent
asked if the participant agreed for the interviewer to contact a
household member who provided their cell phone number during
LePHIA2020 or to SMS the participant, in case we could not
get ahold of the participant for 2 or more weeks.

Procedures and Weekly Surveillance
After 2 weeks of participant enrollment, weekly surveillance
began. A data collection week begins on Thursday and ends on
Tuesday. Every Sunday evening, the New York team produces
a list of participants who have yet to be called during the past
survey week to help ensure that all study participants are called
at least once by the end of collection week. Calling does not
occur on Wednesdays so as to give the data team time to create
new call lists for interviewers based on the previous week’s
results (for example, removing a participant who refused or
changing the questions for a participant who reported being ill).

If a participant or their household members report ILI symptoms
the week before, the participant is first asked if those symptoms
have improved. Then, interviewers inquire about participants
and their household members who did not have ILI symptoms
the week before. All participants are asked if they would like
the Government of Lesotho’s toll free COVID-19 hotline phone
number. Interviewers offer to answer participants’ questions
about COVID-19 at the end of each call.

Interviewers conduct calls mornings, afternoons, evenings, and
weekends to increase the likelihood of contacting participants.
Interviews are scheduled at specific times that potential
participants designated, according to their schedules.
Interviewers call the same participant for the duration of the
study. For the first month of data collection, interviews took
place 7 days a week. After reviewing the data for patterns in
responsiveness, the team decided that no day had a particularly
high response rate, so the staff started working 6 days a week
and eventually 5. As the survey continued, the staff adjusted
the days and times that they work to 4 shifts a week.

If a participant cannot be contacted for 2 weeks and they
consented during enrollment for the interviewer to call a
household member, the household member is called. If a

participant cannot be contacted for 2 weeks and they had not
consented to contacting a household member but consented to
receive a text message, the interviewer texts the participant. If
a participant who had consented to contacting a household
member is not reached via the household member for a week,
the participant is texted the following week by the interviewer
if the participant consented to being texted.

If a participant cannot be contacted for 2 months, they are
removed from weekly calls and instead are called monthly. If
during these monthly calls, the participant is reached, they are
returned to the weekly call list.

Survey Delivery and Data Collection
The data collection team is comprised of 16 interviewers who
report to 2 supervisors and 1 call center manager. Questionnaire
data are collected on password-encrypted tablets using
SurveyCTO software. The software presents a list, unique to
each interviewer, of participant names and phone numbers.
Independent of the survey software, the interviewer tracks which
participants are called that day. A participant may need to be
called multiple times during a shift due to not picking up the
call or asking to be called back. The interviewer only uploads
1 form per contacted participant per shift to SurveyCTO. All
survey data and voice recordings are stored in the device
memory and then submitted to the SurveyCTO server whenever
transmission is possible (internet connection needed), preferably
every day but at minimum once a week to minimize risk of data
loss. The same tablet is used to call participants and record data.

Incentives
Participants are compensated for their time with a small amount
of phone credit. Studies have shown that in 2 countries (Uganda
and Bangladesh), an airtime incentive improved response rates
[35]. The World Bank ran a 6-country study in Africa, during
which participants were called monthly. Participants received
incentives during that study, and response rates were greater
than 90% in all countries [6,15]. For this study, the incentive is
sent as phone credit, and there is no handling of cash or
in-person disbursement of compensation. All participants were
given 35 maloti (US $2) by LeCellPHIA administrative staff
within 2 weeks of enrolling. Thereafter, participants are given
a monthly incentive dependent on how many calls they
participated in that month. Between the months of July and
December, the incentives were sent by mobile phone companies
in Lesotho. However, the administrative process of transferring
the money and phone numbers to the mobile phone companies
and then the companies sending the incentive was not completed
in a timely matter. Due to these delays in phone credit
disbursement, which were noted by survey participants, a
LeCellPHIA staff began distributing the incentive in-house.

Supervision and Monitoring
SurveyCTO audio records a preprogrammed percentage of
randomly selected interviews and uploads them to the server.
Recordings begin at the start of selected calls. Interviewer
monitoring was more intensive at the beginning of data
collection. Supervisors targeted interviewers who
underperformed as compared to their peers. Indicators to
measure interviewer performance include response rates and

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e31236 | p.257https://www.researchprotocols.org/2021/9/e31236
(page number not for citation purposes)

Greenleaf et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


efficiency. During the first month of data collection, supervisors
met virtually with interviewers multiple times a week to share
performance feedback. From month 2 of data collection onward,
supervisors conduct one-on-one sessions biweekly with
interviewers to check on their well-being, listen to their
concerns, and boost their morale.

Institutional Review Board Approval, Ethics, Consent
The Lesotho National Research Ethics Committee approved
LeCellPHIA with exemption from committee review. It was
determined to be a continuation of LePHIA2020, which had
already been approved, and the Columbia University
Institutional Review Board (IRB) determined the same. The
CDC International Task Force scientific committee and the
CDC IRB reviewed the protocol and deemed the research
nonhuman subjects. Due to the remote nature of data collection
(ie, no in-person interaction) and the minimal risk to participants,
we requested a modification to written signed informed consent.
Participants were read an abbreviated standardized verbal
disclosure (consent) of key study information that emphasized
the voluntary nature of the survey.

Statistical Analysis

Power Calculation
We calculated the margin of error for a 95% CI to estimate the
proportion of ILI through self-reported symptoms. An effective
sample size of 3420 produces a 2-sided 95% CI with a margin
of error of 1.4% when the proportion of ILI is 10% and the
design effect is 1.3 given a loss-to-follow-up rate of 30%. The
potential loss in efficiency due to cluster sampling is minimal
in this study due to the large number of PSUs and a small
number of persons in each PSU. We used a design effect of 1.3
to primarily reflect the impact of sample weights. We
oversampled older individuals, as cell phone ownership rate is
lower and ILI rate is higher in this population.

Data Management and Analysis
The data team developed a cleaning plan that included processes
for screening data for duplication, transcription errors,
measurement errors, internal consistency, out of range and
invalid values, and outliers.

We create weekly point estimates of ILI by downloading the
survey data from the SurveyCTO platform, which are then
cleaned for analysis. Because participants are often called more
than once, we retain the most complete survey for analysis. The
data are weighted for unequal probability of selection,
nonresponse, and potential undercoverage of the sampling frame.
The point estimate of ILI prevalence rate with 95% CI is
calculated accounting for the stratified, multistage, cluster
sample design and is sent to CDC Lesotho and Lesotho Ministry
of Health colleagues, usually 3 days after data collection
finished.

A monitoring form is also updated weekly to track interviewer
response rates and performance, as well as to provide a
breakdown of symptoms and a summary of overall data, for
both individual participants and their respective household
members.

Results

Over 99% (11,975/12,086, 99.08%) of phone numbers of
LePHIA2020 participants who provided consent for follow-up
were valid and thus included in the sample frame. We sampled
3020 LePHIA2020 participants. Interviewers enrolled
participants for 2 weeks, beginning July 1, 2020. Ultimately
1778 participants were enrolled. Weekly phone calls enquiring
about the participant’s symptoms as well as household members
listed during the face-to-face survey began the third week of
July 2020 and are scheduled to continue until the end of
September 2022.

Discussion

The COVID-19 pandemic caused the already rapidly advancing
field of remote data collection in SSA to evolve even faster
[36], as collecting data via cell phones was the safest option
during periods of high community transmission and national
lockdowns. A similar influx of cell phone–based approaches
was seen after the Ebola outbreak of 2014-2015 in West Africa,
when surveillance via cell phone became more prominent,
particularly employing health care staff, such as those working
in a health facility or community health workers, to report data
[37-41]. Compared with facility-based approaches, participatory
surveillance in SSA is less frequent. This protocol manuscript
presents the approach used in Lesotho to create weekly estimates
of ILI.

There are limitations to cell phone–based data collection that
should be considered before establishing a participatory
surveillance system. If cell phone ownership is below 80%,
undercoverage will occur and could cause coverage bias,
impacting the outcome of interest [42]. Specifically, if those
who own a cell phone (and thus are part of the sample frame)
are different from those without a cell phone in ways that are
correlated to the outcome of interest, the estimates will be biased
[43]. If mobile phone network coverage is limited mainly to
urban areas, then the systematic exclusion of those in rural areas
could also create bias in the outcome of interest. Thus, we
recommend carefully examining mobile phone ownership in
the study setting before attempting participatory surveillance
in LMIC. If participants may be hesitant to report the outcome
of interest, due to social desirability bias or fear of reporting
repercussions, the interviewers must work hard to establish
rapport and avoid measurement error.

The usefulness of cell phone–based surveillance systems in
resource-limited settings for epidemic response was established
by previous studies [44]. Our study built on this work and
created population-based, nationally representative estimates
of ILI. Whereas previous studies mainly created counts of an
outcome, LeCellPHIA creates incidence point estimates with
95% CIs. Because many COVID-19 cases are asymptomatic,
the surveillance system may underreport total cases but
nonetheless reflects ILI trends across the country.

A surveillance system that can track epidemic trends has the
potential to create a more effective response to, in this case,
COVID-19. By surveying lay people, we create data in contexts
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where community health workers or health facility staff are
occupied with other tasks. LeCellPHIA can be used as a

blueprint to create other population-based cell phone
surveillance systems for future outbreaks.
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Abstract

Background: Health care workers (HCWs) have experienced several stressors associated with the COVID-19 pandemic.
Structural stressors, including extended work hours, redeployment, and changes in organizational mandates, often intersect with
interpersonal and personal stressors, such as caring for those with COVID-19 infections; worrying about infection of self, family,
and loved ones; working despite shortages of personal protective equipment; and encountering various difficult moral-ethical
dilemmas.

Objective: The paper describes the protocol for a longitudinal study seeking to capture the unique experiences, challenges, and
changes faced by HCWs during the COVID-19 pandemic. The study seeks to explore the impact of COVID-19 on the mental
well-being of HCWs with a particular focus on moral distress, perceptions of and satisfaction with delivery of care, and how
changes in work structure are tolerated among HCWs providing clinical services.

Methods: A prospective longitudinal design is employed to assess HCWs’ experiences across domains of mental health
(depression, anxiety, posttraumatic stress, and well-being), moral distress and moral reasoning, work-related changes and telehealth,
organizational responses to COVID-19 concerns, and experiences with COVID-19 infections to self and to others. We recruited
HCWs from across Canada through convenience snowball sampling to participate in either a short-form or long-form web-based
survey at baseline. Respondents to the baseline survey are invited to complete a follow-up survey every 3 months, for a total of
18 months.
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Results: A total of 1926 participants completed baseline surveys between June 26 and December 31, 2020, and 1859 participants
provided their emails to contact them to participate in follow-up surveys. As of July 2021, data collection is ongoing, with
participants nearing the 6- or 9-month follow-up periods depending on their initial time of self-enrollment.

Conclusions: This protocol describes a study that will provide unique insights into the immediate and longitudinal impact of
the COVID-19 pandemic on the dimensions of mental health, moral distress, health care delivery, and workplace environment
of HCWs. The feasibility and acceptability of implementing a short-form and long-form survey on participant engagement and
data retention will also be discussed.

International Registered Report Identifier (IRRID): DERR1-10.2196/32663

(JMIR Res Protoc 2021;10(9):e32663)   doi:10.2196/32663

KEYWORDS

COVID-19; health care worker; pandemic; mental health; wellbeing; survey; design; longitudinal; prospective; protocol; challenge;
impact; distress; perception

Introduction

Background
Throughout the COVID-19 pandemic, health care workers
(HCWs) have served on the frontlines of disease management
and response. In their roles, HCWs have experienced increased
workloads, risks of redeployment, and exposure to SARS-CoV-2
while caring for the surge of patients. At the same time, HCWs
may be concerned about the safety and well-being of themselves,
their families, and their loved ones. Within a larger context,
HCWs are situated in working environments that may be
experiencing rapid changes, such as implementation of new
safety protocols, adapting to telehealth service delivery, or
contending with redeployment. These changes in the workplace
are further compounded by increasingly challenging work
environments, where HCWs may encounter difficult
moral-ethical dilemmas (eg, tending to patients without adequate
personal protective equipment (PPE), providing services on
platforms unfamiliar to the provider and patients), which may
have severe and enduring consequences for their mental health
and well-being.

Research following the 2003 severe acute respiratory syndrome
(SARS) epidemic illustrates the significant and persevering
distress that HCWs may experience in the aftermath of an
infectious outbreak. Among SARS survivors, HCWs
experienced elevated symptoms of anxiety one month following
SARS recovery [1] and higher levels of stress, depression, and
anxiety at one-year postoutbreak [2] compared to non-HCW
survivors. Evidence from the SARS epidemic also highlighted
the vulnerability of those working on the frontlines, including
job stress related to managing changes to working environments,
feelings of loneliness and social isolation, and anxiety and fear
in response to increased exposures to the virus [3,4]. In
comparison to hospital administrative staff, frontline HCWs
reported significantly higher psychological impairment,
insomnia, and exhaustion [5].

Studies conducted early during the COVID-19 pandemic
similarly found that HCWs on the front line were more severely
distressed compared to nonfrontline HCWs [6-8]. In other
cross-sectional studies, evidence also points to the devastating
toll of the pandemic on the mental health of HCWs. In a study
of nurses and physicians in Wuhan, China, over 60% of

respondents reported concerning mental health symptoms across
standardized measures of anxiety, depression, and sleep [9].
Similar increases in psychological distress, burnout, and
worsened mental health were reported in frontline HCWs in
other countries [10-13].

Some of the distress experienced by HCWs could be ethical or
moral in nature. HCWs’ experiences during the pandemic
involve making difficult decisions that may not always be
aligned with their ethical or moral values. These may involve
tending to patients without appropriate PPE, balancing increases
in patient caseloads and potentially compromising the quality
of care provided, having to make difficult decisions to turn away
patients without care due to shortages of hospital beds or
ventilators, and disagreements or conflicts arising from the
allocation of lifesaving treatments or vaccines [14,15].
Expanding beyond organizational levels, rapidly changing public
health policies, and perceived delays in responses from leaders,
employers, and municipal, provincial, and federal governments
may perpetuate feelings of distrust and betrayal, further
triggering complex emotional reactions. Indeed, moral distress
may arise when individuals find themselves in difficult
emotional states when the perceived ethical actions deviate from
what they may be tasked to do. The frequency and impact of
morally distressing events may be amplified during the current
pandemic [14,15]. If unaddressed, these instances of moral
distress can lead to moral injury, defined as the psychological
distress resulting from transgressing one’s moral beliefs or
standards through action or inaction [16,17]. Despite evidence
of mental distress, little empirical attention has been paid to the
examination of moral-ethical dilemmas and associated moral
distress during current and past epidemics and pandemics.

Further, the myriad of challenges HCWs face at the individual
and organizational levels greatly threaten their physical and
mental health, as well as their professional development.
Specifically, increased rates of absenteeism reported by HCWs
not only contribute to added burden of care for colleagues but
more importantly highlight the systemic need for additional
support for HCWs [18]. Meanwhile, reviews suggest that
increased workloads, occupational stress and burnout, and
organizational changes are expected to pose critical challenges
in future to the long-term retention of HCWs [19]. Taken
together, research is urgently needed to understand HCWs’
experiences during the COVID-19 pandemic, including
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challenges and changes in the workplace, moral-ethical
dilemmas, evolving occupational duties, standards of care,
service delivery, and the effects of COVID-19 on dimensions
of mental health and well-being.

Research Aims
This paper describes the protocol and initial response rates for
a longitudinal study seeking to capture the unique experiences,
challenges, and changes faced by HCWs during the COVID-19
pandemic. The study was launched in June 2020 and is ongoing.
Future publications from this study will use the data collected
to explore (1) the impact of COVID-19 on the mental well-being
of HCWs, (2) perceptions of and satisfaction with delivery of
care, and (3) how changes in work structure are tolerated among
HCWs providing services.

Methods

Summary of Design
Our study employs an observational, prospective, longitudinal
panel design using the web-based data collection platform
Research Electronic Data Capture (REDCap). Participants
completed questionnaires at baseline and will be completing
follow-up questionnaires at 3-month intervals for a total of 18
months. Interested participants self-selected into an open survey
and chose to complete a short version or long version of the
survey at baseline. The protocols of this study were reviewed
and approved by the research ethics board at Western University
(WREM 115894) and Lawson Health Research Institute (REDA
9968). Details of the protocol are reported below following the
general guidelines from the Checklist for Reporting of Results
of Internet E-Surveys (CHERRIES) [20].

Participant Selection and Recruitment
A convenience snowball sampling approach is used to recruit
HCWs. Recruitment methods include word of mouth, emails
to professional networks, web-based advertisement through the
Lawson Health Research Institute, social media, participant
recruitment websites (eg, ParticipAid [21]), and targeted media
releases. The representativeness of participants was monitored
throughout the recruitment period. Recruitment efforts are
adjusted to target specific regions or segments to improve the

representation on dimensions of gender, region, and occupational
distribution of health care workers within Canada. Participants
include male and female English- and French-speaking HCWs
with a minimum age of 18 years. HCWs are defined as
individuals who provide health care treatment and advice based
on formal training and experience or who work to directly
support those providers in a clinical setting. Participating HCWs
must be currently working in Canada or have worked in Canada
as an HCW at some point in time between the start of the
COVID-19 pandemic (March 2020) and the start of data
collection (June 26, 2020). Participation in the study is
voluntary, and participants are not compensated for survey
completions.

Procedure
The study duration is catered to participant availability and
varies depending on whether the participant selected the
short-form or long-form survey (Table 1). Both English and
French versions of the survey are available based on the
language preference of participants. Validated scales in French
are used where available, and in the absence of translated and
validated versions, translation is completed by professional
translators with certificates of translation provided. Informed
consent is obtained through a Letter of Information (LOI),
presented to participants at the beginning of the survey at
baseline, and again during each of the follow-up surveys. The
LOI is presented on REDCap, and participants are informed
that their consent is implied should they proceed to the following
pages of the survey.

A short-form version of the survey is available at baseline
(approximately 10 minutes) and consists of 6 measures. A longer
option, consisting of 12 measures, is available for participants
who indicate they have the time (approximately 15-25 minutes).
The long version can be completed immediately at baseline or
returned within a 6-week window after beginning the baseline
measures. Following baseline, participants are requested to
complete a follow-up survey (approximately 15 minutes) every
3 months for a period of 18 months (see Table 1). To save time,
participants can skip certain modules if there was no change
from previous time points (eg, if their employment status did
not change). Participants can also review and change answers
before advancing to the following page.
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Table 1. Data collection tools for the short-form, long-form, and follow-up surveys.

Follow-upLong formShort formCollection of assessments/domains

✓✓Demographics

✓✓✓Work-related changes/appraisals

✓✓Telehealth experiences

✓✓✓Organizational response

✓✓✓COVID-19 exposure/concerns

Mental health

✓✓Patient Health Questionnaire-9

✓✓Generalized Anxiety Disorder-7 scale

✓✓✓Posttraumatic Stress Disorder Checklist for DSM-5a

✓✓Well-Being Index

Moral injury, ethical climate, and moral reasoning

✓✓✓Measure of Moral Distress for Healthcare Professionals

✓Moral Injury Outcome Scale

✓✓Ethical Environment Questionnaire

✓Oxford Utilitarianism Scale

aDSM-5: Diagnostic and Statistical Manual of Mental Disorders, 5th edition.

Measures
The web-based survey was constructed in consultation with
international research teams and collaborators to evaluate the
crosscultural effects of the COVID-19 pandemic. Measures
were selected to ensure comparability across countries. In
addition, a literature search was conducted to identify potential

novel measures related to the assessment of effects of the
COVID-19 pandemic. The usability and functionality of the
survey were tested by the research team, including adaptive
questioning, branching functions, and longitudinal response
collections. Questions were presented in the same order, as
shown in Table 2.
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Table 2. Categories and types of questions included in the survey.

Question typesCategory

All participating HCWsa are asked to report their province or territory of residence, age, and ethnicity.b,c Partici-
pants choosing to complete the long form questionnaire are also asked to report their gender, marital status,
characteristics of area of residence (eg, rural or city), and education level.

Basic demographics

Participants are asked about work demographics, the proportion of their time spent working on-site versus remotely,
the proportion of their time working directly with patients, and whether they provided care to patients with sus-
pected or confirmed COVID-19. HCWs providing services remotely are asked closed- and open-ended questions
about the changes to their delivery of care and their experiences with telehealth. The telehealth questions were
derived from a University of Missouri quality improvement survey and other research exploring the application
of telehealth and telemedicine in various populations [22-25].

Work-related/telehealth

Participants are asked to self-report on the effectiveness and satisfaction with the support and communication of
their organization in response to the COVID-19 pandemic. Items were drawn from the Pandemic Experiences
and Perceptions Survey [26], a measure created in response to the COVID-19 pandemic. This survey measures
organizational response to the pandemic in the domains of disruption, resource adequacy, COVID-19 risk percep-
tion, positive work life impact, and leadership [26]. For the purpose of our study, we are collecting data on the
resource adequacy, risk perception, positive work life impact, and leadership domains.

Organizational response to
COVID-19

Participants are asked to report their history of suspected or confirmed exposure to and infection with COVID-
19 individually and for family members, as well as any associated direct impact the infections had on them. The
items were adapted from the Coronavirus Health Impact Survey, which was developed based on ongoing research
and collaborations between the National Institute of Mental Health Intramural Research Program Mood Spectrum
Collaboration, the Child Mind Institute, the New York State Nathan S Kline Institute for Psychiatric Research,
and researchers from Johns Hopkins University [27].

COVID-19 exposure/concerns

Symptoms of mental distress are evaluated using self-report measures, including a measure of depression (the

Patient Health Questionnaire-9 [28]),b posttraumatic stress disorder (the PTSD Checklist for DSM-5 [29]), gen-

eralized anxiety (the Generalized Anxiety Disorder-7 scale [30]),b and workplace well-being and burnout (Well-

Being Index [31]).b Additional questions were included to determine the extent to which mental health symptoms
may have been influenced or exacerbated by the pandemic.

Mental health questionnaires

Moral distress, moral injury, ethical workplace climate, and moral reasoning are assessed using self-report measures.
Perceptions of the general ethical climate in the HCWs’workplaces will be evaluated using the Ethics Environment
Questionnaire [32]. Individual experiences with specific morally distressing situations (eg, “Watch patient care
suffer because of a lack of provider continuity”) are evaluated using the Measure of Moral Distress for Healthcare

Professionals [33]. Multidimensional moral injury is evaluated using the Moral Injury Outcome Scaleb [34].

Moral-ethical decision-making tendencies are assessed using the Oxford Utilitarianism Scaleb [35].

Moral distress, ethical climate, and
moral reasoning

aHCW: health care worker.
bRepresents a measure that is available only on the long-form version of the web-based survey.
cEthnicity was added at a later time via an ethics amendment to the original protocol, and a portion of participants who are completing the 12-month
follow-up survey will have the option to answer questions on their racial and ethnic background.

Data Analytic Plan

Descriptive and Exploratory Analyses
Mixed methods descriptive and exploratory analyses will be
conducted to understand the state of mental well-being and
moral distress of sampled HCWs. Quantitative descriptive
statistics will examine age, gender, education, occupation,
illness-related variables (eg, whether currently or formerly
positive for COVID-19), psychological and moral variables,
and satisfaction with telehealth. These will include general
descriptive statistics, measures of internal consistency,
correlational analyses, and group-based analyses on similarities
and differences. Exploratory analyses will include hierarchical
multivariate analyses, structural equation modelling, and cluster
analyses to determine manifestations of mental and/or moral
distress. Qualitative, open-ended data, including participant
descriptions of changes to their care delivery, impact of moral
distress, and general feedback on organizational support and

pandemic responses will be analyzed using content and thematic
analysis.

Longitudinal Analyses
Data at baseline and each of the follow-up periods will be
analyzed using exploratory and confirmatory mixed effects
modeling and latent growth modeling. Longitudinal analyses
will explore changes in dimensions of mental health, moral
injury, and distress in relation to care delivery and/or work
settings, organizational responses, and COVID-19-related
changes and exposures over time.

Results

Survey Completion and Representativeness
A total of 1926 participants completed baseline surveys between
June 26 and December 31, 2020. Of these, 1859 participants
provided their emails for follow-up survey invitations. The
majority (71%, n=1299) of baseline participants initially selected
the long-form survey. Subsequent prompts encouraged
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participants completing the short-form surveys to complete the
long version, which resulted in 25% conversion of those
prompted and an overall increase in long-form survey data.

Figure 1 details the flow of survey completion from initial
interest and engagement via survey links.

Figure 1. Participant flow for baseline completion rates. Info: information; LF: long-form survey; SF: short-form survey.

We further examined the preliminary representativeness of our
baseline sample against a Canadian national database of health
care workforce metadata with over 37 million health care
workers on the distribution of top professions and genders [36].
Relative to the national sample, which comprises roughly 68%
nurses and 14% physicians, our baseline sample from

self-reported professions included 40.27% (n=557) nurses and
3.90% (n=54) physicians, representing differences of 28% and
10%, respectively. For other top health care disciplines, such
as personal support workers, paramedics, physical therapists,
and social workers, our sample was relatively representative,
with differences in percentage distributions of 1.2% to 5.6%.
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Finally, female nurses were underrepresented in our sample by
a percentage difference of 32%, whereas female HCWs in other
disciplines and male HCWs were relatively representative in
relation to the national sample (percentage differences of <1%
to 7%).

Participant Data Retention
Depending on whether participants completed the short-form
or long-form survey at baseline, completion time varied by
approximately 12 minutes, with the long-form survey taking a
median of 34 minutes and the short-form survey taking a median
of 22 minutes to complete. Survey completion also varied by
questionnaire. For the long-form survey, baseline completion
for initial eligibility, work-related, and telehealth items were
completed by nearly all participants (100%), with participation
declining to <80% for COVID-19–related questions and to
<70% for mental health– and moral distress–related self-report
questionnaires (n/N values are not reported for the percentages

here, as they represent changes in rates of completion as opposed
to changes in sample size). This trend was similar for short-form
questionnaire completion, but with a steeper decline, and with
completion of the full set of questionnaires between 50% and
60% (see Figure 2). Although the dropout rate was comparable
to those found in previous research evaluating completion rates
of web-based surveys in relation to the length of the surveys,
this study was able to maintain 100% initial completion for the
first section of questions about work-related changes and
responses to COVID-19, whereas others have reported 10%
instantaneous dropout [37]. Furthermore, although previous
studies examined participation under regular circumstances
using university student samples, this study sampled HCWs
who are likely time-restricted because of their busy schedules.
Taken together, the choice between short- and long-form surveys
and the option to convert to the long form is a promising
approach to maximize participation and retention.

Figure 2. Completion rates of individual questionnaires at baseline.

Finally, based on the date of self-selection and enrollment in
the study, participants receive system-generated links to
complete follow-up surveys every three months. The baseline
retention with email addresses (N=1859) is being used as a
reference point to evaluate subsequent participant retention,
attrition, and sensitivity analyses during each of the follow-up
periods. As of July 2021, a total of 848/1859 participants
(45.6%) had completed the 3-month follow-up, whereas
1011/1859 (54.4%) missed the response window. Data collection
is ongoing into the 6-month and 9-month follow-up periods.
Full data collection for the longitudinal study is expected to be
completed by August 8, 2022.

Discussion

This paper details the protocol for a longitudinal study that will
examine the impact of the COVID-19 pandemic on the mental
well-being of HCWs, with a focus on moral distress, perceptions

of and satisfaction with delivery of care, and perceptions of
changes in work structure among HCWs providing services.
Using convenience snowball sampling and diverse recruitment
platforms, this study is reaching a large national sample of
HCWs from a range of disciplines and backgrounds. Participants
recruited are relatively diverse and comparable to national
samples of HCW distributions. Following baseline completion,
we retained 1859 HCWs for subsequent longitudinal follow-ups.
The longitudinal data will provide important profiles of HCWs
during key milestones of the pandemic in Canada and offer
insights in understanding and predicting the development or
worsening of mental health and moral injury over time as the
pandemic persists. In particular, the collected data will shed
light on the organizational and environmental stressors and their
associations with changes in the experiences of HCWs with
moral dilemmas, moral distress, and mental well-being.
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A strength of this study that may contribute to the large sample
size for both recruitment and retention is the option to complete
either the short or long form of the survey. With the choice to
select either form, we sought to reduce barriers of participation
as a result of survey fatigue and self-perceived time restrictions
to accommodate the busy schedules of HCWs. To further
encourage completion of the long-form survey, we also
implemented prompts to encourage those who completed the
short-form survey to complete the long-form survey in
subsequent follow-ups. This option yielded a 25% success rate
in conversion to the long-form survey. This represents a
relatively novel approach, which was designed to maximize
survey retention while minimizing barriers [38]. A challenge
in this process was the time difference in completion between
short- and long-form surveys. Based on data completion rates
and times at baseline, the difference between the two surveys
is estimated to range between 5 and 15 minutes, with the
short-form survey taking a median of 22 minutes to complete.
Given the initial time commitment required for the short-form
survey, this may have discouraged some of the participants from

converting to the long-form survey based on their perceived
time restraints.

As of July 2021, data collection is ongoing, with participants
nearing the 6- or 9-month follow-up periods depending on their
initial time of self-enrollment. This study demonstrates the
utility and feasibility of offering both a short-form and long-form
survey for the collection of prospective, longitudinal data from
HCWs. This format of recruitment and data collection may be
useful when implemented with other populations experiencing
time restrictions or busy schedules. Finally, this study will offer
key insights into the mental well-being and moral challenges
of HCWs as they cope with the ongoing pandemic. The findings
will lend a voice to the HCWs and their unique experiences of
challenges and change during the protracted pandemic and
associated restrictions. Knowledge gained will better equip us
to anticipate and prepare for future challenges, such as long-term
support and retention of HCWs. Armed with this knowledge,
policy makers and clinicians can make evidence-based decisions
to prevent and mitigate the risks to the psychological well-being
of HCWs both generally and specifically as they recover from
the pandemic.
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Abstract

Background: The COVID-19 pandemic has led to wide-scale changes in societal organization. This has dramatically altered
people’s daily activities, especially among families with young children, those living with disabilities such as spinal cord injury
(SCI), those who have experienced a stroke, and older adults.

Objective: We aim to (1) investigate how COVID-19 restrictions influence daily activities, (2) track the psychosocial effects
of these restrictions over time, and (3) identify strategies to mitigate the potential negative effects of these restrictions.

Methods: This is a longitudinal, concurrent, mixed methods study being conducted in British Columbia (BC), Canada. Data
collection occurred at four time points, between April 2020 and February 2021. The first three data collection time points occurred
within phases 1 to 3 of the Province of BC’s Restart Plan. The final data collection coincided with the initial distribution of the
COVID-19 vaccines. At each time point, data regarding participants’ sociodemographics, depressive and anxiety symptoms,
resilience, boredom, social support, instrumental activities of daily living, and social media and technology use were collected
in an online survey. These data supplemented qualitative videoconference interviews exploring participants’ COVID-19–related
experiences. Participants were also asked to upload photos representing their experience during the restriction period, which
facilitated discussion during the final interview. Five groups of participants were recruited: (1) families with children under the
age of 18 years, (2) adults with an SCI, (3) adults who experienced a stroke, (4) adults with other types of disabilities, and (5)
older adults (>64 years of age) with no self-reported disability. The number of participants we could recruit from each group was
limited, which may impact the validity of some subgroup analyses.

Results: This study was approved by the University of British Columbia Behavioural Research Ethics Board (Approval No.
H20-01109) on April 17, 2020. A total of 81 participants were enrolled in this study and data are being analyzed. Data analyses
are expected to be completed in fall 2021; submission of multiple papers for publication is expected by winter 2021.

Conclusions: Findings from our study will inform the development and recommendations of a new resource guide for the
post–COVID-19 period and for future public health emergencies.
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Introduction

COVID-19 is the third zoonotic virus to infect humans in as
many decades and was first identified in Wuhan, China, near
the end of 2019 [1]. The origin of the virus, course of
transmission, and treatment of infection are still under
investigation, but initial understandings of the epidemiology
suggest a genome that is 75% to 80% identical to SARS-CoV
[1]. Once the severity of the virus was realized, the World Health
Organization characterized COVID-19 as a pandemic on March
11, 2020 [2], and recommended the implementation of an
evolving series of public health and social measures. These
included “measures or actions by individuals, institutions,
communities, local and national governments and international
bodies to slow or stop the spread of COVID-19” [3]. At a
community level these measures involve employees working
from home where possible, distance learning, avoiding
crowding, wearing a mask, closure of nonessential services,
reorganization of health care services, and government-directed
calls to stay at home. For the purpose of this paper, the term

“restrictions” will be used to refer to the abovementioned
measures, including physical distancing and limited in-person
interactions with others. The first COVID-19 case in Canada
was reported on January 25, 2020 [4]. The initial response by
the Canadian government included calls for social distancing,
which was later clarified to mean keeping physical distance
from others [4], although these terms continue to be used
interchangeably in many contexts. As health is a provincial
responsibility in Canada, the restrictions vary by province and
are subject to change depending on the number of COVID-19
cases in the given location.

Concerns have been raised about the unintended negative
consequences of the pandemic restrictions among a variety of
groups, including families with young children, those living
with disabilities such as spinal cord injury (SCI) or stroke, and
older adults. British Columbia’s (BC’s) Restart Plan [5] consists
of four phases calling for varying restrictions primarily related
to physical distancing (Table 1), resulting in decreased in-person
interactions and disruption of social and daily activities.

Table 1. British Columbia’s Restart Plan for COVID-19 restrictions.

RestrictionsRestriction periodPhase start date

Phase 1March 2020 • Essential services reopen or remain open in compliance with provincial health orders
• Declaration of public health emergency
• Banned mass gatherings of >50 people
• Restricted visitation in health care facilities

Phase 2May 18, 2020 • Many businesses to reopen with extra precautions and physical distancing measures in place
• Childcare, hairdressers, gyms, salons, and other services reopen
• Medical services, such as psychology, dentistry, massage, chiropractic, and occupational and physical

therapies, resume

Phase 3June 24, 2020 • Faith-based organizations resume in-person gatherings up to 50 people
• Designated visitors limited to one person for those living in long-term or assisted-living care facilities
• Limited hours of operation for restaurants, bars, cafés, and breweries with distancing measures in place

Phase 4Conditional • Entering this phase is dependent on community immunity, wide vaccination, and broad successful treat-
ments

• Once one of the three above factors is met, larger gatherings at concerts, conventions, tourism events,
and other events can resume

Easing of restrictions to allow transition between phases is
dependent on new developing knowledge about COVID-19,
tracking of confirmed and recovered cases, new outbreaks, and
observing how other regions are responding to the pandemic
[5]. The restrictions, in place to reduce transmission and
ultimately stop the spread of the virus [3], have many unintended
consequences, such as financial strain along with psychosocial
implications. In an attempt to mitigate the financial stressors
that many people are experiencing, the BC Recovery Benefit
was offered as “a one-time direct deposit payment for eligible
families, single parents or individuals” [6]. The Canadian

Emergency Response Benefit was an additional income support
measure that eligible Canadians could claim [7]. These programs
offer support for lost income resulting from job loss and ongoing
unemployment due to the COVID-19 pandemic; however, they
do not address the psychosocial issues that arise with the loss
of employment, changes in routine, and overall disruption to
social and daily activities, which are vital determinants of health
[8]. The loss in daily routine combined with physical distancing
can lead to increased isolation and loneliness, ultimately
reducing mental health and overall well-being [8]. It is important
to consider how these psychosocial changes may occur for
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families with young children, those living with disabilities such
as SCI and stroke, and older adults.

For parents with school-aged children, COVID-19 responses
have led to school closures and home-based online learning,
which has resulted in an increased need for parental supervision
[9]. This has placed additional stressors on parents, who may
be dealing with employment changes (eg, unemployment,
reduced hours, and working from home) and financial pressures;
they also must respond to changing needs for their children’s
schooling and daycare. Further challenges may arise for
single-parent families, those who have restricted access to
out-of-household familial supports, and those experiencing
domestic violence [10]. Early COVID-19 studies indicated that
negative mood increased for parents and children and “work
disruptions” also increased [11]. These findings suggest that
parents and their children are facing unique challenges during
the COVID-19 pandemic that are impacting their mood and
productivity and are likely contributing to declining mental
health for the family as a whole [11].

The risks associated with COVID-19 may be further exacerbated
in vulnerable populations, such as individuals with disabilities
who may have compromised immune systems or face mobility
challenges. According to the Canadian Survey on Disability,
81.3% of people with disabilities report using an aid or assistive
device, such as a wheelchair or hand and arm supports, to
facilitate movement [12]. Using mobility aids or equipment
presents additional risks specific to COVID-19, as some
prevention strategies may be more difficult for people with
disabilities [3]. For instance, they may not be able to stay 1 to
2 meters away from others if they rely on a caregiver for
personal care, or they may not be able to don a mask
independently [13].

Additionally, it is important to consider the concerns regarding
the reduced well-being among older adults due to physical
distancing and isolation resulting from these COVID-19
restrictions [14]. Due to the increased risk of infection and
fatality among older adults, aged 65 years and over, health
officials advise this group “to stay home, and self-isolate” [15].
This has resulted in considerable changes in the daily and social
activities for the 8 million older Canadians [5]. Furthermore,
there are already indications that the well-being of older adults
has declined due to physical distancing and isolation resulting
from COVID-19 restrictions [14,16].

At this time, there is limited understanding of how prolonged
restrictions influence social and daily activities as well as health
and well-being, particularly among families with children,
people with disabilities such as SCI or stroke, and older adults.
It is crucial to consider the unique challenges that COVID-19
restrictions create for those who may not have been considered
when these policies were developed [2,5]. Having more
inclusive guidance requires a deeper level of understanding of
the lived experience of various populations during the shifting
and wide-reaching pandemic restriction period. Therefore, the
aims of this study are (1) to understand how COVID-19
restrictions change what people do and how they carry out their
daily activities, (2) to track the psychosocial effects of these

restrictions over time, and (3) to identify strategies to mitigate
the negative potential effects of these restrictions.

Methods

Overview
This study used a longitudinal, concurrent, mixed methods
design with four data collection time points: time point 1 (T1),
time point 2 (T2), time point 3 (T3), and time point 4 (T4).
Qualitative description was used as the qualitative methodology
for this study [17-19]. The Good Reporting of A Mixed Methods
Study (GRAMMS) guideline [20] has been followed for the
study protocol and for reporting the results. Quantitative data
were collected using an online survey with self-reported
questionnaires that participants completed 7 days prior to each
interview.

Eligibility Criteria
Community-dwelling adults over the age of 19 years living in
BC, who self-identified as being comfortable writing and
speaking in English, were recruited. Participants were excluded
if they reported having moderate to severe cognitive impairment
or aphasia.

A heterogeneous sample of 81 adults in BC were recruited. This
included (1) parents with school-aged children (10/81, 12%),
(2) people with SCI (22/81, 27%), (3) people who have
experienced a stroke (26/81, 32%), (4) individuals with other
disabilities (13/81, 16%), and (5) older adults without
self-identified disabilities (10/81, 12%).

Recruitment and Consent
Participants were recruited using the following methods: (1)
online postings at the International Collaboration on Repair
Discovery and Reach BC websites, (2) reaching out to people
who have consented to being contacted again from previous
studies, and (3) advertisements on the researchers’ social media
pages (eg, Twitter and Facebook). Recruitment took place during
the initial phase of restrictions in BC, from April to May 2020,
and the number of participants was ultimately limited by
funding. Those interested in participating contacted the research
team by phone or email to learn more about the study and
determine eligibility. Informed consent was obtained at each
study time point.

Patient and Public Involvement
To date, patients or the public were not involved in the design,
conduct, reporting, or dissemination plans of our research.
However, this is a protocol paper, and the research is not
complete. Patients or the public will likely still be included in
the dissemination plans of our research, as the potential toolkit
to be developed from this research will involve input from
participants.

Data Collection and Outcome Measures

Overview
We used Qualtrics XM (Qualtrics) to obtain consent, collect
demographic information, and administer patient-reported
outcome measures (PROMs). PROMs allow us to collect
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quantitative data on subjective psychosocial constructs [21].
Participants were given the link to the Qualtrics survey and
asked to complete the survey within 7 days; an interview was
then scheduled. We conducted semistructured interviews via
teleconference using Zoom (Zoom Video Communications) to
collect qualitative data on participants’ experiences with
COVID-19 restrictions. Prior to being used with study
participants, the survey was pilot-tested with research team
members and one participant who had experienced a stroke. In
order to increase accessibility to the survey, if the person was
unable to complete the survey online, it was administered over
the telephone.

Demographic Information
Prior to the first interview, we collected data on participants’
age, city of residence, country of birth, sex, gender, first

language, living situation, educational level, income at baseline,
employment status, chronic illnesses, and status regarding
COVID-19 (ie, whether they have tested positive or been
exposed to someone who had tested positive).

Outcome Measures

Overview

The measures listed below were captured in the survey, which
was to be completed 1 week prior to the interview at each time
point. The measures are described in detail in Table 2, which
documents the constructs measured, number of items, number
of subscales, response ranges and anchors, and scoring.

Table 2. Outcome measures used to collect data at each of the four time points.

Scoring and score rangeResponse range and anchorsNames of subscalesSubscales,
n

Items,
n

ConstructMeasure

0 (minimum) to

100 (maximum)

0 (not true at all) to

4 (true nearly all the time)
N/Aa125ResilienceConnor-Davidson

Resilience Scale 25

0 (none/low) to

40 (extreme)

0 (none) to

4 (extreme)

214Generalized anxi-
ety and depres-
sion

Hospital Anxiety
and Depression
Scale

• Anxiety
• Depression

Restricted (some, little,
none) and

not restricted (all, most)

1 (all the time) to

5 (none of the time)

N/A111Activity participa-
tion

Keele Assessment
of Participation

0 (totally bedbound) to

120 (moved out of town
every day without assis-
tance)

Life-space level (1-5),

the degree of independence
(2=no assistance, 1.5=equipment
only, and 1=personal assistance),
and

the frequency of movement
(1=less than once a week, 2=1-3
times each week, 3=4-6 times
each week, and 4=daily)

N/A19Space mobilityLife Space Assess-
ment

12 to 841 (very strongly disagree) to

7 (very strongly agree)

312Social supportMultidimensional
Scale of Perceived
Social Support

• Family
• Friends
• Significant other

29 to 2031 (strongly disagree) to

7 (strongly agree)

529State boredomMultidimensional
State Boredom
Scale

• Targeting disen-
gagement

• High arousal
• Inattention
• Low arousal
• Time perception

19 to 951 (never) to

5 (always)

N/A119Social network-
ing usage

Social Networking
Usage Question-
naire

16 to 801 (strongly disagree) to

5 (strongly agree)

416Individual’s tech-
nology readiness

Technology Readi-
ness Index 2.0

• Optimism
• Innovativeness
• Discomfort
• Insecurity

aN/A: not applicable; this subscale did not have a unique name.
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Anxiety and Depression

The Hospital Anxiety and Depression Scale [22] measures
anxiety and depression. Evaluation of this scale among primary
care patients and the general public has demonstrated good
concordance with clinical diagnoses of anxiety and depression,
good sensitivity to change, and a mean Cronbach α of .83 [23].

Resilience

The Connor-Davidson Resilience Scale 25 [24] is a
self-administered scale that measures resilience and how well
people can cope with, and bounce back after, stressful events
and tragedies. The reported Cronbach α for this measure is .93
[24] when used in a sample of adults from the general
population.

Boredom

Boredom was assessed with the Multidimensional State
Boredom Scale [25]. The Cronbach α for the total measure was
.96 [26] upon development of the questionnaire.

Social Support

The Multidimensional Scale of Perceived Social Support [27]
was used to assess perceived social support in three factor
groups: family, friends, or significant other. The Cronbach α
for the total score of this scale was .88 [27] in a sample including
adolescents and adults.

Activity Participation

The Keele Assessment of Participation [28] measures
participation in activities such as work, education, and
socialization as well as in activities of daily living. The
Cronbach α of this measure has been reported as .93 with a
sample of adults aged 50 years and older [28].

Space Mobility

The Life Space Assessment reports on how frequently and far
people have traveled out of the room in which they sleep during
the previous 4 weeks. This assessment is moderately correlated
with the Reintegration to Normal Living Index with Spearman
ρ correlations ranging from 0.509 to 0.538. The 9-day test-retest
reliability (intraclass correlation coefficient) has been reported
to be 0.876 [29] among people with SCI.

Social Networking

The Social Networking Usage Questionnaire measures social
media usage—academic, entertainment, and socialization—in
online spaces. Questions regarding academic usage were
removed from the questionnaire as these did not apply to our
participants. A Cronbach α of .83 has been reported with
university students [30].

Technology Use

The Technology Readiness Index 2.0 [31] is used to assess
participants’ readiness to embrace new technologies. The
Cronbach coefficients for all the dimensions were higher than
.60 [32] in a heterogenous sample of adults aged 18 years and
older.

Substance Use

The demographic questionnaire included five questions related
to substance use; for example, “Do you use tobacco products?”

and a clarification question asking, “Are you using more or less
than you did before COVID-19?” These questions were repeated
for marijuana use, alcohol, other drugs, and prescription drugs.

Semistructured Interviews
Following the completion of the surveys, participants took part
in semistructured interviews on the University of British
Columbia’s (UBC’s) secure Zoom platform to maintain physical
distance. Three interview guides were created (Multimedia
Appendix 1): a guide for the first interview at T1, a guide for
the interviews at T2 and T3, and a guide for the final interview
at T4. Participants were asked about their experiences with daily
activities, changes in activity, their feelings about these changes,
and strategies they used to cope with the impact of COVID-19
restrictions. Each interview guide was tested in three pilot
interviews prior to being used with participants. Each participant
was assigned the same interviewer for each of their interviews
to facilitate rapport and relevance of follow-up questions based
on previous interviews. At the start of the first interview, the
interviewer confirmed any changes to the demographic
information collected by the survey at each subsequent interview
(eg, living arrangements and employment status).

Participants were also invited to take pictures during the course
of the study that represent their daily and social experiences
during the period of COVID-19 restrictions. The photos acted
as a catalyst to enrich the sharing of information, as interviewers
prompted participants to share the meaning behind the photos.
Participants were invited to send photos to the research
coordinator at each time point, which were then combined into
a collage by the research team. The interviewer shared the
collage with participants in the final interview and asked them
to choose two to three photos from the collage and describe
what the photos meant to them in the context of the COVID-19
restrictions.

The interviews were recorded on a password-protected Zoom
account as well as on a voice recorder as a backup, to ensure
accuracy of the transcription, and were then transcribed
verbatim. Participants were anonymized with a unique
participant ID; the key matching the ID with the name and
contact information for each participant is kept in a
password-protected and encrypted Microsoft Excel file on a
secure UBC server. When transcribing the interviews, each
participant’s ID was used to refer to them and other proper
nouns were replaced with pseudonyms. Participants received a
Can $30 (US $23.78) honorarium after each interview.

Training
The data collection team consists of eight interviewers and 17
transcribers. Interviewers were trained three times over the
course of the project: twice before data collection and once
before the fourth and final interview. The latter session served
as a refresher and provided training on new content added to
the interview guide. Transcribers used transcription templates
for all interviews and they time-stamped passages to be clarified
or verified by the interviewer. Most members of the transcription
team were experienced and did not require additional training.
Novice transcribers received a tutorial from a study team
member.
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Research Team Characteristics
The research team for this study is a large group of
coinvestigators who are professors, educators, researchers, and
other university employees. Interviewers and transcribers
included volunteers who are university educated. Information
on the positioning of the research team will be reported in further
detail as relevant to each publication on the study findings.

Data Analysis

Quantitative Data Analyses
Before conducting the quantitative analyses, data will be
imported from Qualtrics to SPSS (IBM Corp). First, univariate
statistics will be used to account for the number and percent of
missing data in each measure. The patterns of missing values
for each measure will then be visualized. Missing value patterns
will be evaluated carefully to determine missing data
mechanisms (ie, missing completely at random, at random, or
not at random) [33]. In addition, to determine whether the
observed missing value patterns are related to other variables
in the study, for each measure that contains missing values, an
indicator variable will be developed. The indicator variable will
separate the participants who provided complete responses to
that measure from the participants who did not complete that
measure. Logistic regression will be used to determine whether
other variables in the study, including demographic variables,
can statistically predict the indicator variable. If none of the
variables in the logistic regression analyses predicts the indicator
variable, it can be concluded that the missing pattern
mechanisms are missing completely at random or missing at
random. If the values are missing completely at random or
missing at random, and the percentage of the missing values is
less than 30%, we will impute the missing values using a
multiple imputation technique. Multiple imputation will result
in multiple sets of plausible values for each missing value. In
these analyses, the multiple imputation will be used to compute
five plausible values for each missing value. The missing values
will then be replaced by the mean of the five plausible values.
Multiple imputation analyses will be run for each measure that
contains missing values in each group separately. After imputing
the missing values, to test our hypotheses and research questions,
the following statistical analyses will be used. First, univariate
analyses (eg, mean, sum, standard deviation, variance, range,
and frequency) will describe the sample. In cross-sectional
analyses, multivariate analyses of variance will be used to test
whether there is a statistically significant difference between
groups on the outcome variables. Correlational analyses,
including the Pearson correlation coefficient (r), will be used
to test the strength of the associations between different
variables. Regression analyses (eg, linear regression and logistic
regression) will be used to estimate the relationship between
dependent variables and the outcome variables.

To analyze the longitudinal data, hierarchical linear modeling
(HLM) growth curve analysis will be used to investigate the
changes in the participants over time [34]. HLM growth curve
analysis has several benefits over repeated-measures analysis
of variance. First, HLM can be used when the interval between
the time points is not equal and when data contain missing
values. In addition, in contrast to the repeated-measures analysis

of variance, HLM focuses on individual differences over time
by considering each participant’s initial intercept and slope
score, while repeated-measures analysis of variance focuses on
the group differences [35].

Qualitative Data Analyses
Transcripts will be analyzed using content analysis to develop
a qualitative description [18] of events and experiences of
participants within and across the four time points. Analyses
will be conducted separately for each of the participant
groups—families, people with SCI, people with stroke, people
with disabilities, and older adults—and each time point; they
will then be combined, if appropriate, to examine trends over
time or themes across groups [36]. A subteam of researchers
will analyze each group. Because of the large research team,
the blend of novice and experienced researchers, and the five
participant groups, a consistent approach to coding will be
facilitated by developing coding manuals with notations to
explain coding decisions [37]. We anticipate creating multiple
codebooks based on participant status, data collection time point,
and omnibus analyses. These coding guides remain flexible to
the possibility of adding new codes and recoding previous
interviews. For each coding team, two primary coders will read
and reread transcripts, code the first two to three interviews,
compare codes, and discuss any discrepancies with the coding
team. This coding guide will then be applied to subsequent
interviews and revised in consultation with the qualitative
research team for each participant group. During initial coding,
the primary analysts will assign tentative codes to each idea
reflective in the text, which are recorded in a codebook. The
codebook and sample quotes supporting the codes will be shared
with senior researchers. After integrating the comments from
the senior researchers, the coders will code the next three to
four interviews separately and once again compare their codes
to ensure consistency in applying the codebook, updating as
needed to reflect new or revised codes. The codebook developed
at T1 will be used to code T2 interviews, updated with new
codes developed at T2, which will be applied and updated at
T3 and then again at T4; that is, codebooks will be updated as
interviews are conducted throughout the longitudinal study. The
coding procedure will be applied to each participant group
separately, requiring four iterations of five participant group
codebooks. Codes will then be organized into categories
representing and interpreting the main topics shared by
participants. The final qualitative description is expected to be
presented as a set of themes and their interrelationships,
supported by illustrative quotes from participants to explain
their experiences of pandemic restrictions during the study
period.

To integrate quantitative and qualitative data, there are three
potential models of integration that may be used. Our primary
approach will be to analyze both data sources separately. We
will also explore the possibility of sequential analysis in which
quantitative or qualitative analysis is used to inform a subsequent
analysis using the alternative type of data [37] (eg, we may
identify different types of experiences based on the qualitative
data and compare scores on quantitative measures among
participants who have similar experiences, or vice versa).
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With regard to trustworthiness [38], an audit trail includes
reflexive memos to document research discussions, possible
biases, and analytical decisions (ie, dependability and
confirmability). Comparing qualitative themes with numerical
results from the PROMs will be used as a form of data
triangulation and will generate questions to consider in refining
qualitative themes. Researcher triangulation will occur within
each subteam, in their analysis of a specific participant group,
and in the larger team, where all researchers will be involved
across all participant groups. Where available, member checking
will further enhance analytical rigor.

Results

Approval for the study was obtained from the UBC Behavioural
Research Ethics Board (Approval No. H20-01109) on April 17,
2020. This research was unfunded. A total of 81 participants
were enrolled in this study and data are being analyzed. Data
analyses are expected to be completed in fall 2021; submission
of multiple papers for publication is expected by winter 2021.

Discussion

Overview
Interviewing and surveying a heterogenous sample of
participants during the COVID-19 restrictions present an
opportunity for insight into perceived constraints, barriers, and
strategies to cope with this unusual period. Therefore, our
longitudinal investigation into changes in activity, participation,
and well-being informs recommendations for the
post–COVID-19 period and for future public health
emergencies. We anticipate that this study will provide
information to practitioners working in public health, with

patient groups highlighted in this research, by identifying gaps
in services. Further, the findings are relevant across disciplines,
as mental health is increasingly a priority for health, education,
and social service sectors, as well as government portfolios.
With a better understanding of changes in physical and social
activities and self-management strategies, there is potential for
development of a guide that will provide information, resources,
and strategies for managing periods of isolation. Future research
in this area is needed to inform the development and evaluation
of such a resource guide.

Our knowledge translation plan will target families with
school-aged children, people with disabilities such as SCI and
stroke, and older adults. We will leverage existing
communication tools, such as websites (eg, health authorities
in BC), presentations at provincial practice forums, and social
media (eg, Twitter). Building on existing partnerships with the
Canadian Association of Occupational Therapists in BC and
our research centers (eg, GF Strong and ICORD [International
Collaboration on Repair Discoveries]), a summary will be
prepared for their websites and electronic newsletters to assist
us with the implementation of our findings.

Limitations
This study has two main limitations. First, this study relied on
online or phone use for data collection; therefore, all participants
needed access to and familiarity with the required technology.
Findings are, therefore, generalizable to others with similar
characteristics and advantages. Second, funding limitations
restricted the number of participants we could recruit for each
group, which may make some quantitative subgroup analyses
challenging and limit our ability to achieve theoretical
sufficiency with our qualitative analysis.
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Abstract

Background: Neonatal abstinence syndrome (NAS) is a postnatal withdrawal syndrome that most commonly results from
prenatal opioid exposure. Every 15 minutes, an infant is born in the United States with signs of NAS. The field lacks a standardized
clinical definition of NAS, complicating discussions on programmatic and policy development to support opioid-exposed mothers
and infants.

Objective: The goal of this paper is to describe a protocol for a systematic expert panel process to inform the development of
a clinical definition of NAS.

Methods: We will conduct two three-round online modified-Delphi panels using the ExpertLens system and will follow the
recommendations for Conducting and REporting of DElphi Studies (CREDES). One panel will focus on developing key components
of a clinical definition of NAS, and the second panel will focus on neonatal opioid withdrawal syndrome (NOWS), which is a
term that has come into use to differentiate opioid-exposed infants from infants exposed to other substances in utero. However,
there is lack of agreement on the precise clinical definition of NOWS and how it is distinct from or overlaps with NAS. Each
panel will complete two rating rounds and a discussion round using a similar protocol. We will analyze all rating data descriptively
and determine the presence of agreement within and between the two panels. We will also perform thematic analysis of the
qualitative comments to contextualize the panel findings.

Results: The panels were convened between October 29 and December 17, 2020. Their results were disseminated and discussed
at a national conference on NAS that took place on March 17-18, 2021.

Conclusions: A standardized clinical definition of NAS will help to better characterize NAS incidence and to design effective
clinical, public health, and policy interventions to support opioid-exposed mother-infant dyads.

International Registered Report Identifier (IRRID): DERR1-10.2196/25387

(JMIR Res Protoc 2021;10(9):e25387)   doi:10.2196/25387
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Delphi; ExpertLens; expert panel; neonatal abstinence syndrome; neonatal opioid withdrawal syndrome; neonatal withdrawal;
neonatal; neonates; opioid; opioids; withdrawal; infants; clinical; newborn; newborns; perinatal; postnatal
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Introduction

From 2000 to 2016, the United States experienced a seven-fold
increase in neonatal abstinence syndrome (NAS) [1,2], also
known as neonatal opioid withdrawal syndrome (NOWS) [3,4].
NAS is a postnatal withdrawal syndrome most commonly caused
by prenatal opioid exposure [5]. An infant is born every 15
minutes with signs of NAS, and total hospital costs for
NAS-related births exceeded US $500 million in 2014 in the
United States [2]. The incidence of NAS varies substantially
across the states, ranging from 0.7 cases per 1000 live births
(Hawaii) to 33.4 per 1000 births (West Virginia) [6,7]. However,
these statistics have an important limitation: the field lacks a
standardized clinical definition of NAS.

NAS is a heterogenous condition that may result from both
maternal nonprescribed opioid use and prescribed opioids such
as the use of medication for opioid use disorder (eg, methadone
and buprenorphine) [5]. NAS may also be associated with other
prenatal exposures such as benzodiazepines and nicotine [8].
Moreover, the clinical presentation of NAS is highly variable
[9], leading to a lack of consensus around the definition, which
has downstream consequences for surveillance [10] and policy
efforts. Some infants have mild signs of withdrawal that can be
managed with targeted nonpharmacologic interventions, whereas
others require multiple medications to control their symptoms
during weeks-long hospitalizations [11]. The relationship
between maternal opioid dose and NAS severity is also unclear
[12-16]. Given its unpredictability and variable presentation,
there is a need to develop a standardized definition of NAS to
accurately characterize the burden of this public health
challenge, and consequently design effective clinical, public
health, and policy interventions to support opioid-exposed
mother-infant dyads.

To address this need, the U.S. Department of Health and Human
Services (HHS) contracted with the RAND Corporation, a
nonprofit research institution, to engage national experts in a
rigorous process to develop a standardized clinical definition
of NAS. This work contributes to a multipronged HHS initiative
on NAS [17]. Engaging experts with a range of expertise is both
critical and appropriate to defining this complex condition
because there is no consensus around its clinical definition.
Here, we describe our protocol for the systematic online
engagement of national experts to provide input to inform the
development of a standardized clinical definition of NAS.

Methods

Design
Our approach to expert engagement will consist of two
modified-Delphi expert panels to explore the presence of
agreement around key components of a clinical definition of
NAS. The study design was developed in consultation with a
six-person advisory board of leading national experts on this
topic who have been engaged with the HHS’s initiative on NAS

(see Multimedia Appendix 1). We will follow the guidance for
Conducting and REporting of DElphi Studies (CREDES) [18].

To facilitate the process of expert engagement, especially during
the COVID-19 pandemic, the modified-Delphi panel will be
conducted completely online using ExpertLens, a previously
evaluated platform for conducting iterative expert elicitation
and stakeholder engagement panels [19-21]. Instead of traveling
to a centralized location for an in-person meeting, ExpertLens
participants provide answers to close-ended and open-ended
questions, review automatically generated reports comparing
their responses to close-ended questions with those of other
participants, discuss group responses using a moderated
discussion board, and revise their answers all from the comfort
of their own homes or offices.

Participant Recruitment
On October 6, 2020, we reached out to 22 national experts on
NAS, including neonatologists and general pediatricians, as
well as those with expertise in clinical pharmacology and
psychiatry, with an invitation to participate in these panels. In
our recruitment efforts, we prioritized experts with significant
clinical expertise in the care of infants with NAS. Identified
experts were contacted via their publicly available email
addresses and invited to express their interest in participating
in this panel. The invitation email explained the purpose of the
study, its funder, and the expected time commitment.

Panels and Panel Composition
After reviewing the list of all invitees who express interest in
participating in this study, the research team will select experts
to assemble two panels. One panel will focus on identifying
key components of a clinical definition of NAS, and the other
panel will define NOWS using a similar protocol.

The panels will be limited to approximately 9 experts as
recommended by the RAND/UCLA Appropriateness Method
(RAM) manual for conducting clinical expert panels [22]. We
will aim for balance between the panels in terms of participants’
professional backgrounds and geographic regions because there
may be variation in how NAS is defined across disciplines and
around the country. We will also aim to balance panels based
on participants’ stated preference for using NAS or NOWS (if
known).

Data Collection
The data collection protocols will be developed based on a
literature review performed by HHS and national experts, input
from RAND subject matter experts, the HHS NAS initiative’s
advisory board, and a pilot test.

The data collection began in October-November 2020 and
followed a typical modified-Delphi protocol, which includes
two rounds of rating with a round of discussion between the
two rating rounds (Figure 1) [22-24]. No additional rating rounds
will be conducted if agreement is not reached after the final
round of ratings.
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Figure 1. Three-round ExpertLens design.

In Round 1, an assessment round, experts will be instructed to
think about a full-term infant in the first week of life with no
known medical conditions, and to rate and comment on different
pieces of information about the infant and the mother: (1)

prenatal exposure to opioids and/or other substances, (2) infant
signs of withdrawal from opioids and/or other substances, and
(3) toxicology test results (see Textbox 1 for additional details).

Textbox 1. Types of information about mother-infant dyads for panelists to consider in the ExpertLens process.

Information about whether or not the infant had prenatal exposure to…

• opioids alone

• opioids plus other substances (eg, benzodiazepines, selective serotonin reuptake inhibitors [SSRIs], tobacco)

• substances (eg, benzodiazepines, SSRIs, tobacco) but did not have prenatal exposure to opioids

Information about whether or not the infant…

• shows signs of opioid withdrawal

• signs of withdrawal from substances other than opioids

• shows dysregulation in at least one domain of infant development such as motor control (eg, hypertonia, tremors) or responses to stimuli (eg,
exaggerated Moro reflex)

• requires nonpharmacologic measures to manage withdrawal

• requires medication to treat signs of withdrawal

Information about whether or not…

• the infant’s toxicology test is positive for opioids alone

• the infant’s toxicology test is positive for opioids plus other substances

• the infant’s toxicology test is positive for substances other than opioids and is negative for opioids

• the mother’s toxicology test is positive for opioids alone

• the mother’s toxicology test is positive for opioids plus other substances

• the mother’s toxicology test is positive for substances other than opioids and is negative for opioids

To provide their input on each piece of information, participants
will use 9-point Likert-type scales to answer the following two
questions and explain their ratings: (1) How necessary is this
information for distinguishing between infants with and without

NAS [NOWS]? (2) How helpful is this information for
distinguishing between infants with and without NAS [NOWS]?

Because of the wide variation in the clinical manifestations of
withdrawal in infants, experts will also be asked to use a 9-point
Likert-type scale to respond to the following question that will
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provide input on 10 common clinical signs of withdrawal as
described by Gomez-Pomar et al [25]: How characteristic is
this sign of NAS (NOWS)?

Moreover, participants will provide feedback on an alternative
approach to assessing infant withdrawal that looks for
dysregulation in four domains of infant functioning, rather than
assessing signs and symptoms individually or in combination
[26-28]. This approach is intended to give clinicians a holistic
understanding of infants with opioid exposure to distinguish
between infants with and without NAS or NOWS. Participants
will review a brief description of this approach and then use
9-point Likert-type scales to answer the following questions:

(1) How different is this approach from the way withdrawal
signs are currently assessed in clinical practice? (2) How useful
is this approach for assessing opioid withdrawal in an infant?
(3) How feasible would it be to use this approach to distinguish
between infants with and without NAS (NOWS)?

Finally, at the end of Round 1, we will ask participants to
provide their suggested clinical definitions of both NAS and
NOWS. These final open-ended questions will help to validate
the results of our rating process and assess how experts’
definitions may evolve over the course of the study. Figure 2
shows a screenshot for the questionnaire in Round 1.

Figure 2. Round 1 mock-up screenshot.

In Round 2, a feedback and discussion round, experts will
receive an automatically generated personalized report showing
how their individual responses to the rating questions compare
to responses of other participants (Figure 3). The report will
include a distribution of all responses, a group median response

and its IQR, and a statement that explains if the group reached
agreement, calculated as described in the RAM manual [22].
The report will also include a summary of comments participants
made in Round 1.
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Figure 3. Round 2 mock-up screenshot.

Participants will discuss the results of Round 1 using an
anonymous, asynchronous, threaded discussion board. To protect
confidentiality of participants’ responses, we will use a randomly
generated username such as Expert01. We anticipate that this
discussion will focus on areas where there may be disagreement
or potential confusion among experts. The discussions will be
moderated by a clinical expert and a modified-Delphi expert
using a previously published protocol for moderating ExpertLens
discussions [29]. The same moderators will facilitate online
discussions in both panels to ensure consistency.

In Round 3, a reassessment round, experts may choose to revise
their Round 1 answers based on Round 2 feedback and
discussion or leave them unchanged. Any modifications made
to Round 1 questions will be clearly identified within
ExpertLens. At the end of Round 3, we will ask experts a series
of questions about their experience participating in this
ExpertLens process.

We anticipate that each round will be open for 7-10 days,
depending on participation rates. At the start of each round,
participants will receive invitation emails that will include a
description of what they are expected to do in each round, how
to access and use the ExpertLens platform, and how long each
round will be open. We will send up to three reminders during
each round to encourage all participants to provide their input.
No honoraria will be offered to study participants.

Data Analysis
We will use descriptive statistics to present the results of Round
1 and 3 ratings for each panel separately, focusing on the
frequency distributions of responses to each question, as well
as measures of central tendency (median) and dispersion
(interpercentile range). Round 3 rating data will be used for the
final identification of suggested definitional components of
NAS and NOWS. We will determine the presence of agreement

among experts for each rating question using the approach
outlined in the RAM manual [22]. Briefly, this approach
involves looking at the distribution of responses across the
tertiles of scores on the 9-point scale (eg, scores 1-3, 4-6, and
7-9) as a way to explore agreement/disagreement. Disagreement
exists when more than a third of responses are in the upper and
the lower tertile at the same time. If there is no disagreement,
a median of 6.5 and above will indicate a positive group
decision.

We will also compare the rating results across the two panels
to determine which pieces of information about the
infant-mother dyad are necessary and helpful to distinguish
between infants with and without NAS or NOWS. These
analyses will be important for obtaining expert opinion on the
extent to which these two terms differ or overlap, and what
pieces of information may be important for developing clinical
definitions for each.

To better explain why experts may disagree on which signs are
most characteristic of NAS and NOWS, and to explain why
some definitional components were selected for inclusion in
the definitions of NAS and NOWS while others were not, we
will thematically analyze qualitative data, including Round 1
and Round 3 explanations of ratings and Round 2 discussion
comments. As in previous ExpertLens panels [30], we will
group all Round 1 and 3 comments for a given question
according to the score tertile. We will also group all discussion
comments by the definitional component. Finally, we will collate
and thematically organize the responses to the open-ended
questions asking participants to provide their own suggested
definitions of NAS and NOWS.

As in previous ExpertLens panels [31,32], a team of experienced
qualitative researchers trained by the study’s principal
investigators will review and code all comments inductively to
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identify recurrent themes. All coding results will be reviewed
to ensure coding consistency and clinical accuracy of the
interpretation of comments. Disagreements among coders will
be discussed until consensus is achieved.

Interpretation, Validation, and Dissemination of Panel
Findings
We will provide the advisory board with a synthesis of the
quantitative and qualitative data described above. With these
data, they will construct a proposed clinical definition of NAS
and, depending on the findings from the ExpertLens process,
of NOWS as well, using the key pieces of information prioritized
by the panelists and drawing on expert input on how to best
characterize the variable clinical manifestations of drug
withdrawal, which is a major point of debate in the field [33-35].

Results of the online modified-Delphi process and the proposed
clinical definitions will be shared with key stakeholders during
a national conference on NAS convened by HHS. Participants
will be given an opportunity to provide their input. The research
team will collaborate with HHS and the advisory board to
incorporate input from this national convening in order to refine
the proposed clinical definition of NAS, which will be
disseminated to key stakeholders, including clinicians,
researchers, health system leadership, public health officials,
and policymakers.

Results

The study was reviewed and approved by the RAND Human
Subjects Protection Committee (Study ID: 2020-0293). Round
1 invitations were sent out on October 29, 2020. We completed
the data collection on December 17, 2020 and disseminated
panel results at a national conference on NAS that took place
on March 17-18, 2021.

Discussion

Partnering with experts specializing in maternal-child health,
HHS is leading an initiative to understand key issues impacting
the longitudinal care of mothers and infants exposed to opioids

and other substances. This protocol describes an innovative
online approach to soliciting expert opinion, which allows for
a nonburdensome engagement of leading national experts on
the topic. Study strengths include a focus on a pressing policy
issue, a creative approach to data collection during the
COVID-19 pandemic, and automatic generation of personalized
reports provided to each participant showing how the responses
compare with those of other participants and whether or not the
panel reached consensus. Study limitations include the
engagement of a relatively small number of clinical experts, the
possibility that participants may not complete all study rounds
or not answer all questions, and a reliance on an online approach
to data collection, which may not be a preferred mode of
engagement for some experts that are more accustomed to
meeting other panelists in person during the discussion round.
Because we were able to conduct only one online panel on NAS
and one on NOWS, future research should explore the
replicability of our findings by conducting additional panels
either online or in person.

In summary, a standard clinical definition for NAS is critically
needed not only to improve care of the mother-infant dyad in
both the short- and long-term but also to enhance the accuracy
of surveillance efforts and data available for research. By
leveraging input from national experts caring for opioid-exposed
dyads, this work will contribute to addressing a longstanding
gap in the field: the lack of a standardized clinical definition of
NAS. This systematic approach offers a viable pathway for
reducing variability in the clinical diagnosis of NAS, starting
at the bedside. As an upstream building block for public health
surveillance data and health services and health policy research,
the bedside definition impacts downstream considerations in
the care of mother-infant dyads. Developing a standard to
clinically define NAS will advance key discussions on disease
burden, immediate and longitudinal needs assessment, and
resource planning for mother-infant dyads. In the next phase of
this NAS initiative, HHS aims to continue this engagement with
clinicians, researchers, and policymakers, while focusing on
challenges and opportunities to improve program and policy
planning at the local, state, and national levels.
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Abstract

Background: The acute nature of the COVID-19 pandemic has put a strain on health resources that are usually dedicated to
chronic illnesses. Resulting changes in care practices and networks have had major repercussions on the experience of people
with chronic disorders.

Objective: This paper presents the protocol of the Parcours, Associations, Réseau, Chronicité, Organisation, Usagers, Retour
d’expérience, Soins (PARCOURS)-COVID study. The aim of this study is to evaluate the effects of reorganization of the health
system on the usual care network of patients with chronic illness, which fosters and qualifies the quality and continuum of care
provided. The first objective of this study is to document these patients’ experiences through transformations and adaptations of
their network, both in the practical dimension (ie, daily life and care) and subjective dimension (ie, psychosocial experience of
illness and relationship to the health system). The second objective of the study is to understand and acknowledge these
reorganizations during the COVID-19 lockdown and postlockdown periods. The third objective is to produce better adapted
recommendations for patients with chronic illness and value their experience for the management of future health crisis.

Methods: The PARCOURS-COVID study is a qualitative and participatory research involving patient organizations as research
partners and members of these organizations as part of the research team. Three group of chronic diseases have been selected
regarding the specificities of the care network they mobilize: (1) cystic fibrosis and kidney disease, (2) hemophilia, and (3) mental
health disorders. Four consecutive phases will be conducted, including (1) preparatory interviews with medical or associative
actors of each pathology field; (2) in-depth individual interviews with patients of each pathology, analyzed using the qualitative
method of thematic analysis; (3) results of both these phases will then be triangulated through interviews with members of each
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patient’s care ecosystem; and finally, (4) focus groups will be organized to discuss the results with research participants (ie,
representatives of chronic disease associations; patients; and actors of the medical, psychosocial, and family care network) in a
research-action framework.

Results: The protocol study has undergone a peer review by the French National Research Agency’s scientific committee and
has been approved by the research ethical committee of the University of Paris (registration number: IRB 00012020-59, June 28,
2020). The project received funding from August 2020 through April 2021. Expected results will be disseminated in 2021 and
2022.

Conclusions: Our findings will better inform the stakes of the current health crisis on the management of patients with chronic
illness and, more broadly, any future crisis for a population deemed to be at risk. They will also improve health democracy by
supporting better transferability of knowledge between the scientific and citizen communities.

International Registered Report Identifier (IRRID): DERR1-10.2196/28728

(JMIR Res Protoc 2021;10(9):e28728)   doi:10.2196/28728
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Introduction

Since the 1970s and 1980s, the rise of chronic diseases has
contributed to the creation and promotion of a paradigm, leading
to a broader definition of “medicine” around the notion of
“care,” developed in medicine as well as in the fields of social
sciences and moral philosophy. In order to potentiate its effects
in terms of patients’ quality of life, care needs to be deployed
in a continuum of multiple relationships and practices combining
medical, psychological, ethical, and social approaches [1-4].

The measures that resulted from the COVID-19 pandemic have
led to prioritization of acute care, placing particular strain on
the resources usually dedicated to the management of chronic
pathologies. The COVID-19 outbreak in France has been
characterized by a highly centralized reorganization of the health
system as a response to the epidemic. This reorganization
focused on taking care almost only of patients with COVID-19.
In the media and across social networks, health professionals
denounced these challenges, adding to the issue of infected
patients’ triage [5].

The management of a chronic disease requires the daily
intervention and cooperation of many different actors, which
define an ecosystem of care. Such an ecosystem is based on a
network of actors and institutions—medical or nonmedical,
which combines diverse approaches and practices and requires
constant collaborations and negotiations [6,7]. This ecosystem
of care is determined by the pathology and the specificities of
medical follow-ups required, but it is also highly dependent on
the patient’s background and social environment, resources,
and living conditions. It entails patients’ empowerment and
active participation in their care support [8-11]. COVID-19
lockdown measures seem to have disrupted the ecosystem of
care for patients with chronic illness on two levels. First, medical
appointments were postponed or suspended, leading to
self-medication practices without medical follow-up or storage
of medicines essential to the management of the chronic
condition [12]. The quality of life of patients with chronic
illnesses was directly affected, as concerns rose about their
health status and their risks to COVID-19 infection and as usual
interactions with caregivers and health professionals were

limited or modified, through the use of teleconsultation. In the
case of mental health disorders, closure of psychiatric care
facilities led to the termination of therapeutic activities, although
these were regarded as essential for some patients who are very
sensitive to the environment and social interactions. Second,
care was reduced to chemical treatments, sometimes even
intensified to compensate for the lack of psychosocial care, even
though they cause side effects that increase the risk of
COVID-19 infection [13]. It seems that prescribed care was
doubly restricted—reduced to only vital surgical operations and
deprived of several of its broader dimensions (ie, psychosocial
care, pain control, and support).

Moreover, living with a chronic illness requires individuals to
build their personal capacity to mobilize their existing
knowledge based on experiences to collectively address medical,
psychological, and social vulnerabilities. Individuals rely on
the support of network of care to limit the effects of these
vulnerabilities, yet the resulting quality of life rests on a delicate
balance, which is constantly co-constructed and renewed. The
experience of being autonomous or dependent does not come
solely from the fact of having or not having support; it is rather
a singular combination of material and human, family, and
professional support [14]. The occurrence of a health crisis can
deeply compromise this balance, which is already tangled in
ordinary times, and thus increase the vulnerability of people
living with a chronic disease. Conversely, research has shown
that living with a chronic disorder also leads individuals to
develop specific strategies and skills. Experiencing chronic
diseases requires the mobilization and acquisition of important
knowledge and resources, especially regarding the management
of uncertainty and risk in the health field [15]. Participation of
associative or targeted information networks of users and
patients is required in structuring and disseminating this
expertise related to the experience of chronic disease
management [16-18]. This experience makes patients with
chronic illness particularly sensitive to public health and
solidarity issues. It is, therefore, likely that the individual or
collective experience of chronic disease has not only been a
factor of vulnerability but also a factor of resources, inventions,
and adaptation in the current crisis.
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For all these reasons, we hypothesized that the COVID-19 health
crisis created an unbalance in the ecosystem of care and that
the experiences of patients with chronic illness need to be better
understood. We designed a research protocol to document the
experiences of these patients and their caregivers. For this
purpose, we organized a focus group with a panel of patients’
organization stakeholders, so as to identify their concerns and
research needs. Several issues emerged from the focus groups.
First, they acknowledged the inadequacy of COVID-19 public
health measures with the experience of patients, as well as
actors, professionals, or carers involved in the management of
a chronic disease. Second, they asked for a better recognition
of their experiential knowledge. Based on these elements, this
paper presents the research protocol Parcours, Associations,
Réseau, Chronicité, Organisation, Usagers, Retour d’expérience,
Soins (PARCOURS)-COVID that uses a qualitative and
participative methodology.

Methods

Objectives
The objective of the PARCOURS-COVID study is to document
and highlight the experience of people with chronic diseases
confronted to the health crisis by focusing on the changes that
occur in their daily practices and ecosystem of care. It is led by
the Institut de la Personne en Médecine, where social science
researchers (history, philosophy and ethics, psychology,
psychoanalysis, sociology, and anthropology), physicians,
caregivers, and patient representatives collaborate to produce
scientific knowledge in the medical humanities using a
multidisciplinary approach developed over several years. The
choice of adopting a qualitative approach by participatory
research carried out with and among users, professionals, and
caregivers, and supported by a strong involvement of chronic
disease associations with respect to the project’s design and
conduct, has three distinct goals, as outlined below:

Objective 1
The first objective is to value the lived experience, that is both
psychological and social, as well as existential and practical,
and their representations—the ways in which chronic illness,
COVID-19, and the health crisis, in general, are thought about
and made explicit in the discourse of individuals with chronic
disorders. Semidirective individual interviews with patients will
be conducted to that effect.

Objective 2
The second objective is to document changes in the practices
and organization of the chronic care ecosystem in order to
identify factors that are adaptive or, on the contrary, deleterious
to maintaining its balance. Interviews with players in the
medical, family, or caregiver network designated by patients
will be conducted regarding to meet this objective.

Objective 3
The third objective is to generate and disseminate
recommendations for a better adaptation of the health system
for patients with chronic illness in the case of another health
crisis, to ensure that the preparation and management this crisis

will respect patients’ rights by promoting participation and
involvement of patients and their associated organizations.
Workshops with stakeholders in the health system will help
transform and disseminate results to organizations and
communities.

Study Design and Participant Recruitment
The PARCOURS-COVID study received funding from the
French National Agency of Research (Agence Nationale de la
Recherche) for 9 months, from August 2020 to April 2021. The
work schedule was developed in order to conciliate the project's
feasibility requirements with the achievement of its scientific
and operational objectives in a short time frame. Thus, we opted
for a rapid qualitative approach and a participatory study design
involving patients and associations’ members as research
partners, an approached that has been previously validated [18].
This methodology is based on listening to the interviews, then
synthetizing them according to themes predefined by the
research team, while allowing new themes to emerge if
necessary. Rapid qualitative methods are therefore partly
deductive, while retaining their inductive component.

Chronic Pathology Groups
Three groups of chronic pathologies were identified regarding
the care networks’ specificities mobilized by them:

Group 1
Cystic fibrosis, a disease with a respiratory component and
therefore a high risk of complication in the case of COVID-19,
and kidney disease, both of which require a combination of
hospital and nonhospital care (regular interventions by
physiotherapists or home care nurses). Two main patients’
organizations (Renaloo and Overcoming Cystic
Fibrosis—Vaincre la mucoviscidose) agreed to participate in
the patient recruitment, as well as other stages of the research.

Group 2
Hemophilia, a condition that is most often self-managed by
regular intravenous injections that are self-administered (2 or
3 days per week). The day-to-day management of patients with
hemophilia essentially relies on a close relationship with health
care professionals, mainly hospital doctors and nurses from rare
disease expertise centers and, less frequently, general
practitioners. The French Haemophilia Association agreed to
assist in patient recruitment and to participate in the research
process.

Group 3
Mental health disorders, a group of conditions that will help
understand the specific impact of the health crisis for people
with mental health disorders that are very sensitive to the
environment and to social interactions, both of which were
particularly disrupted during lockdown. Patients with mental
health disorders require forms of care that are essentially based
on relations, through consultations but also through day
hospitals, peer groups, among other alternatives. A variety of
professional partners agreed to assist in patient recruitment and
participation in research. Previous collaborations have also been
initiated with health care professionals in the psychiatric sector.
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Research Process

Overview
Four consecutive phases are scheduled, as follows: (1)
preparatory interviews with medical or associative actors of
each pathology’s field; (2) semidirective interviews with patients
from the three abovementioned groups; (3) results from both

phases will be triangulated through semidirective interviews
with members of the patient’s care ecosystem, in order to review
perspectives and gain a deeper understanding of the situation,
through an analysis that will be carried out in close collaboration
among social science researchers from several disciplines,
patient associations, and caregivers; and finally, (4) focus-groups
to discuss the results with research participants (Figure 1).

Figure 1. Four consecutive phases of the research study.

Phase 1: Exploratory Interviews
We will diversify entries in the field through our partnership
with patient organizations. A series of preparatory interviews
with key informants for each pathology will help identify
specific situations and difficulties encountered during the crisis,
including those concerning medical care, as well as the
organization’s involvement. This phase will therefore include
16 interviews in all: with each organization leader and their
health professionals, a doctor, and a front-line professional per
pathology. One or two researchers from the team will carry out
the interviews via phone or videoconferencing, or in person, if
the situation allows it. We will also discuss with the partner
organization and health professionals the pertinence of adding
some pathology-specific criteria, such as type of treatments or
access to care.

Phase 2: In-depth Patient Interviews
The second phase of the research will be based on interviews
with individuals with chronic disorders, to collect data on their
experiences during the health crisis. We will combine the
recruitment through the partner organizations along with the
recruitment of patients through the health professionals we met
during phase 1. This will allow us to interview patients that are
at located varying distances from patient organizations. A total
of 7 to 10 adult patients per disease group, as identified above,
will be interviewed. Patient recruitment in the first group will
be equally divided between the two diseases. The participants’
situations will be diversified with regard to their socioeconomic
characteristics and to ensure a balanced ratio of gender and
various age groups and geographical locations (ie, between Paris
and other regions or between the so-called COVID-19 “red and

green zones”). This phase will thus include approximately 30
interviews with individuals with chronic disorders, conducted
via phone by members of the research team (comprising only
researchers or organization leaders that are part of the team).

Phase 3: In-depth Caregivers or Health Care Network
Member Interviews
The third phase of the research will be based on interviews with
members of the health care network of individuals with chronic
disorders, in order to highlight their role as caregivers. They
will be recruited with the cooperation and consent of patients
from phase 2, who will be asked to name the two most important
persons involved in the day-to-day management of their chronic
disease. For instance, the care ecosystem could include health
professionals, but also spouses, family, friends, or neighbors.
At the rate of 1 to 2 actors identified per patient, the number of
interviews can therefore be estimated to range between 30 and
60. The interviews will be conducted by members of the research
team (only researchers or association leaders of the team).

Phase 4: Focus Groups for Feedback and Dissemination
In the fourth phase, focus groups will be organized to provide
feedback to the participants and to discuss the results with them.
Results from phases 2 and 3 will provide the basis for public
policy recommendations. Participants of the focus group will
include phase-2 and phase-3 interviewees on a voluntary basis.
The focus groups will be led by the promoters of the present
project, including the postdoctoral student (LV) who will be
responsible for the organization and follow-up. Each focus group
will discuss the main hypotheses and categories elaborated in
by the research team and help deepen and validate them. The
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discussions will be recorded and transcribed and then linked to
the empirical data gathered in phases 1 to 3. We will present
the thematically analyzed interviews and the resulting
hypotheses to focus group participants in order to discuss and
validate them with the principal stakeholders. Data collected
from these focus group will be analyzed to produce
recommendations and outcomes. This participatory research
process aims to improve their transferability to medical
populations, citizens, and health authorities [19]. It will thus
help raise awareness, as well as produce recommendations
concerning the monitoring and care of patients with chronic
disorders in the event of a health crisis, for different audiences:
health authorities, scientific and professional networks, as well
as service users and citizens. A specific website and a social
network outreach strategy will be deployed for this phase.

Data Analysis
Data analysis will take place continuously throughout the project
and will begin in phase 1, with the production of summary sheets
at the end of each interview. This process will help organize
the data according to the various themes and perspectives that
relate to the disciplines represented in the project. Emerging
new themes will be included to feed conceptual categories.
Return to the transcribed document will be possible, in order
to find the exact verbatim of a statement identified in a sheet,
to quote but also to identify the context. We will use the iterative
process, which is characteristic of qualitative methodologies
[20]. Our approach aims to build hypotheses through linking
categories to empirical data.

During the descriptive phase of each case (ie, phases 2 and 3),
a summary sheet will be produced for each interview, including
a one-page summary of the interview from the interviewee’s
point of view, as well as a brief paragraph on the interview’s
relevance to the research issue. An account of the interviews
and contacts made (ie, synthetic field diary) will also be
produced by the researcher investigating the situation of each
person within their health care network. The structure of these
sheets will be discussed by all researchers involved in the study
so that all the questions of interest to the various disciplines and
user representatives can be considered. The results will be
discussed and produced collectively through a series of working
sessions in two formats, alternating between general meetings
involving all research team members and smaller analysis
workshops involving, each time, researchers of two disciplines
and a member or an association or a professional.

By associating phases 2 and 3, we aim to cross-reference the
points of view of different actors around the same situation and,
thus, point to the role of some of them, which may remain
hidden after a single interview [21]. This method will help reveal
important but generally invisible players (pharmacist, medical
secretary, etc), as well as adaptations of the forms of support
between relatives that have been reconfigured by the
containment measures. Comparing points of view also makes
it possible to understand the plurality of definitions of the
situation, an important dimension to be considered in the context
of the health crisis, which is modifying everyone's expectations
and requires continuous adaptation and negotiation. Finally,
triangulating these two sources of data aims to capture the

concrete and organizational reconfigurations of the health care
ecosystems that are affected by the reorganization of health care
resources, as well as their effects on the quality of medical and
psychosocial care. Phases 2 and 3 will document more precisely
objectives 1 and 2 defined above.

Ethics Approval and Consent to Participate
Two separate interview guides have been co-constructed with
the research team, based on the exploratory focus group: one is
dedicated to “patient” interviews for phase 2, the other to
“professionals, helpers, professionals” for phase 3. They are the
result of a multidisciplinary approach, since researchers and
representatives of patient associations suggested themes using
their respective epistemological or experiential references.

The interviews will be conducted in compliance with health
regulations via phone or videoconferencing. They will all be
recorded based on oral consent of the individuals, fully
transcribed and anonymized, and made available to all the
members of the research team. The protection of the data
collected will be specified in an information letter given to each
person asked to participate in the research.

Having a consent form signed multiplies the documents with
the identity of the persons. This is why we have not opted for
this procedure, in favor of an oral recording of the consent
before starting the interview which, in our opinion, better
guarantees anonymity. This consent is subsequently recorded
in writing in the transcript of the interview. Furthermore, having
someone sign a consent form when working in Sciences
Humaines et Sociales (SHS) can significantly alter the
relationship between the respondent and the interviewer before
starting the discussion. Moreover, in the context of the health
crisis and protective measures that we are all currently subject
to, we will not find ourselves physically come in face-to-face
contact with the respondent. Getting the respondent to sign will
be even more difficult and will therefore be done electronically.

Ethical approval was received from Comité d’Éthique de la
Recherche (Research Ethics Committee) of the University of
Paris. The protocol has been registered (institutional review
board [IRB] no. 00012020-59; June 28, 2020).

Availability of Data and Materials
Data will be stored in an encrypted form on a secure server of
the University of Paris, in the cloud environment, accessible
only to authorized researchers. The data processing implemented
for the needs of this research will be done in compliance with
the standard reference procedure (MR-004) and declared to the
data protection officer’s registry at the University of Paris.

Results

The protocol study has undergone a peer review by the French
National Research Agency's scientific committee and has been
approved by the Research Ethical Committee of the University
of Paris (registration number: IRB 00012020-59 June 28th,
2020). The project received funding for the period August 2020
through April 2021. Expected results will be disseminated in
2021 and 2022.
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Discussion

As the exploratory phase of the research is being finalized,
several operational issues emerged that foster discussion. The
health crisis made it more complex to access the field, requiring
adaptation from the research team. We encountered difficulties
to access patients with mental illness. This situation was largely
caused by a heightened variety of patients’ relationships with
health care services, along with the fact that mental health
organizations are loosely structured and scattered [22].

Realizing that the heterogeneity of chronic disease management
requires a differentiated approach for each disease, we decided
to adapt our recruitment to the specificities of each field. We
changed our strategy to find other sources of entry into the field
of mental health. We varied our entry points in the field, by
diversifying the interlocutors: psychiatrists, psychologists,
associations (the French National Union of Families and Friends
of Mentally Ill People, UNAFAM), mutual self-help groups,

patients’ homes (via the social media platform Clubhouse). We
integrated a new specialized researcher into the research team,
Ana Marques, who helped us enter into a psychiatric hospital
in the department of Seine-Saint-Denis, where COVID-19 has
had significant repercussions in terms of overloading structures,
forcing hospitals to undergo a drastic reorganization [23]. These
adjustments allowed us to diversify the profile of recruited
patients, as we gained accessed to them through various care
structures (eg, psychiatric hospitals, medical-psychological
centers).

To conclude, the preparatory interviews were essential to inform
the specificities of each field of chronic disease and allowed us
to adapt our patient recruitment strategy to begin phase 2 of the
research. At the end of our research, our findings will better
inform the stakes of the current health crisis on the management
of patients with chronic disorders and, more broadly, any future
crisis for a population deemed to be at risk. They will improve
health democracy by supporting a better transferability of
knowledge between the scientific and citizen communities.
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Abstract

Background: Malaria is a significant cause of morbidity and mortality in children aged under 5 years in Mozambique. The
World Health Organization recommends seasonal malaria chemoprevention (SMC), the administration of four monthly courses
of sulfadoxine-pyrimethamine (SP) and amodiaquine (AQ), to children aged 3-59 months during rainy season. However, as
resistance to SP is widespread in East and Southern Africa, SMC has so far only been implemented across the Sahel in West
Africa.

Objective: This protocol describes the first phase of a pilot project that aims to assess the protective effect of SP and AQ when
used for SMC and investigate the levels of molecular markers of resistance of Plasmodium falciparum to antimalarial medicines
in the study districts. In addition, it is important to understand whether SMC is a feasible and acceptable intervention in the context
of Nampula Province, Mozambique.

Methods: This study will adopt a hybrid effectiveness-implementation design to conduct a mixed methods evaluation with six
objectives: a molecular marker study, a nonrandomized controlled trial, an analysis of reported malaria morbidity indicators, a
documentation exercise of the contextual SMC adaptation, an acceptability and feasibility assessment, and a coverage and quality
assessment.

Results: Ethical approval for this study was granted by the Mozambican Ministry of Health National Bioethics Committee on
September 15, 2020. Data collection began in October 2020, and data analysis is expected to be completed by August 2021.

Conclusions: This research will make a unique contribution to our understanding of whether the combination of SP and AQ,
when used for SMC, can confer a protective effect against malaria in children aged 3-59 months in a region where malaria
transmission is seasonal and SP resistance is expected to be high. If the project is successful, subsequent phases are expected to
provide a more comprehensive assessment of the effectiveness and sustainability of SMCs.

International Registered Report Identifier (IRRID): DERR1-10.2196/27855
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Introduction

Background
An estimated 409,000 people die from malaria each year
worldwide, and children aged under 5 years are particularly
vulnerable, comprising 67% of all malaria deaths in 2019 [1].
The high burden to high impact approach, supported by the
World Health Organization (WHO), the Roll Back Malaria
Partnership to End Malaria and other partners, aims to prevent
disease and save lives through strategies targeted to the
contextual needs of 11 countries that together account for more
than 70% of the world’s malaria burden [2]. Mozambique has
one of the highest incidence rates and absolute annual number
of malaria cases globally [3]. Malaria causes 29% of all deaths
and 42% of deaths among children aged under 5 years in
Mozambique, rendering it the most significant national public
health threat [4]. Mozambique has adopted the high burden to
high impact approach, and the National Malaria Control
Programme is working with partners toward the global vision
of a malaria-free world. The National Malaria Control Program’s
strategic plan for 2017-2022 focuses on burden reduction in
highly endemic areas and on sustaining gains in low
transmission areas toward elimination [5].

Implementation of Seasonal Malaria Chemoprevention
in Africa
Seasonal malaria chemoprevention (SMC) is “the intermittent
administration of full treatment courses of an antimalarial
medicine during the malaria season to prevent malarial illness,
with the objective of maintaining therapeutic antimalarial drug
concentrations in the blood throughout the period of greatest
malarial risk” [6]. The currently recommended antimalarials
for SMC are sulfadoxine-pyrimethamine (SP) and amodiaquine
(AQ), which is administered monthly to children aged 3-59
months during the peak malaria transmission season, which
typically coincides with the rainy season. A full course of SP
and AQ (SPAQ) consists of 1 dose of SP and 3 doses of AQ,
which are administered over a 3-day period. SMC typically
involves four monthly cycles of SPAQ administration over the
course of the malaria transmission season, which is referred to
as a full round. The intervention can reduce the incidence of
clinical episodes and severe malaria by approximately 75% [7].
It has also been shown that the intervention can be delivered
safely at scale, achieving high coverage. The Achieving
Catalytic Expansion of SMC in the Sahel (ACCESS-SMC)
project scaled up SMC in 7 countries between 2015 and 2017,
with few adverse drug reactions reported. SMC was associated
with a protective effectiveness of 88% over 28 days in
case-control studies conducted as part of ACCESS-SMC [8].
In Burkina Faso and The Gambia, the implementation of SMC
was associated with reductions in the number of malaria deaths
in hospitals during the high-transmission period, of 42% and
57%, respectively [8]. SMC could also avert millions of cases

and thousands of deaths among children living in areas with
highly seasonal malaria transmission [3]. In terms of cost, a
multicountry cost-effectiveness analysis found that the weighted
average economic cost of administering four monthly SMC
cycles was US $3.63 per child, and ultimately, that SMC is a
highly cost-effective intervention that substantially reduces
malaria diagnostic and treatment costs [9].

SMC has been recommended by the WHO since 2012, for use
in areas where more than 60% of annual malaria incidence
occurs within 4 consecutive months, where there is a high
burden of malaria in children, and where SPAQ retain their
antimalarial efficacy [6,10]. To date, SMC has mainly been
implemented in the Sahel region of sub-Saharan Africa, where
Plasmodium falciparum is sensitive to both antimalarial
medicines used in SMC. In 2019, 21.7 million children were
targeted in 13 countries [1].

However, there is a potential risk of enhancing drug resistance
and the potential for impaired development of naturally acquired
immunity in children [11]. The impact of SMC on the immune
response to malaria, possibly increasing the burden of malaria
in later life, has not yet been proven. Studies have found that
administering SMC in early life does not negatively affect the
development of naturally acquired antibody responses to malaria
[12,13]. In addition, there may be broader benefits of SMC,
with lower parasitemia reported in health districts receiving
SMC [14,15].

Challenges include the logistical burden of SMC distribution,
particularly during the rainy season when access to remote areas
may be compromised; however, adopting a decentralized,
integrated approach through community-based distributors may
support the sustainability of SMC [14]. The potential risk of
development of drug resistance should be investigated further,
which may pose a risk of suboptimal adherence [14]; however,
the multicountry observational ACCESS-SMC study found that
molecular markers of resistance occurred at very low levels [8].
Nonetheless, a few studies have found adherence to be an issue;
for example, Ding et al [16] reported complete adherence in
less than 20% of children receiving SMC in Niger for a full
3-day course in each cycle for four cycles.

Drug Resistance and SMC Efficacy
The WHO recommends that SMC is suitable in areas where the
efficacy of SPAQ combination remains over 90% [6]. Resistance
to SP or AQ may reduce the efficacy of SMC in protecting
children against clinical malaria, although the relationship
between the degree of resistance and the effectiveness of SMC
has not yet been clearly defined. SP efficacy is threatened by
drug resistance due to mutations in the dihydrofolate reductase
(dhfr) and dihydropteroate synthetase (dhps) genes [17].
According to a study conducted in Mozambique, the prevalence
of dhfr and dhps mutations was 5%-6% [18], with more recent
research suggesting this may be as high as >80% [19]. However,
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there is a paucity of data on the prevalence of SP resistance
across Mozambique.

Clinical responses to SP are seriously compromised in many
regions of the world, and SP is no longer recommended for the
treatment of malaria episodes. However, it has been difficult to
determine whether the efficacy of SP for chemoprevention is
also compromised [20]. Extant evidence from intermittent
preventive treatment in pregnancy suggests that the presence
of resistance to SP may undermine therapeutic effectiveness
[21-23]. However, SPAQ will likely still provide benefit, even
when there is a high prevalence of resistance [24], and a
systematic review reported that intermittent preventive treatment
in pregnancy with SP protection against low–birth-weight
outcomes is sustained even in areas with high levels of the
quintuple mutant [25].

The Ministry of Health, National Malaria Control Programme
Midterm Review of the Malaria Strategic Plan 2017-2022 has
recommended SMC as a malaria control strategy to decrease
transmission and accelerate impact in the highest burden
locations [26]. This is in line with the WHO recommendation
for individual approaches to implementing SMC based on local
contexts and integrating delivery to existing programs and
networks as much as possible, maximizing the potential use of
community health workers and community volunteers [27].
Using community-based distributors for SMC also increased
community members’ trust in the intervention [28]. Strong
health communication is required to ensure that community
members understand and accept that SMC is a preventive
intervention, especially as qualitative research in Ghana found
that people could interpret the mass distribution of medicines
for the purpose of curing symptoms rather than for prevention
[28].

Study Rationale
Given the potential impact of SMC to avert many malaria
infections and deaths, it is essential to investigate the role of
drug resistance on the protective effect of SMC in Mozambique
and to assess the feasibility and acceptability of implementing
SMC in this context. In collaboration with the National Malaria
Control Programme in Mozambique, Malaria Consortium will
pilot SMC from November 2020 to February 2021, to a target
population of approximately 72,000 children aged under 5 years
in 2 districts of Nampula Province.

Study Aims
We will evaluate the SMC pilot with two primary aims: to
determine the protective effect of SPAQ when used for SMC
in this context and to assess the feasibility and acceptability of
implementing SMC in terms of coverage, quality, and
stakeholder perceptions. The study objectives are as follows:
(1) to determine the baseline prevalence of SPAQ resistance
and any increase in resistance prevalence after one annual round
of SMC, (2) to determine whether receipt of SPAQ is associated
with a reduction in the odds of clinically significant malaria
outcomes, (3) to assess the change in reported malaria morbidity
indicators through routine data, (4) to document the adaptation
of SMC implementation to the Mozambican context, (5) to
explore the feasibility and acceptability of SMC among
stakeholders, and (6) to evaluate the process of SMC
implementation in terms of distribution quality and coverage.

Methods

Study Setting
The study will be conducted in Malema, Mecuburi, and Lalaua
districts in Nampula Province, northeastern Mozambique
(Figures 1 and 2). Several key informant interviews may be
conducted with stakeholders based in Maputo.

To identify suitable districts for SMC, an SMC suitability
ranking was conducted by the WHO for all provinces. These
criteria included a variety of factors such as (1) seasonality
eligible for SMC (60% of rainfall concentrated in 4 months),
(2) mortality (areas of highest under-five mortality using health
management information system) data, (3) access to care
(highest ranking given to areas where access to care was poor),
and (4) treatment-seeking behavior (highest ranking given to
areas where treatment-seeking behavior was poor). Using these
four main categories, the average will be calculated to estimate
the final ranking and identify the top 20 suitable districts to
maximize the impact of SMC. From the list of suitable districts,
an additional consideration was taken given the importance of
implementing the intervention in an area where no other new
interventions were taking place so that an evaluation could be
implemented aiming at attributing change to the intervention
under investigation. Hence, Malema and Mecuburi districts in
Nampula Province were selected, with Lalaua as a comparator,
as no indoor residual spraying or new long-lasting insecticidal
nets were targeted in these areas, ensuring a robust evaluation
component for this pilot study.
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Figure 1. Nampula Province, Mozambique, where the study will be conducted. SMC: seasonal malaria chemoprevention.

Figure 2. Seasonal malaria chemoprevention intervention and comparison districts.

Study Populations
The study population that is eligible to receive SMC includes
afebrile children of either sex, aged 3-59 months, for any of the
SMC cycles, residing in Malema and Mecuburi districts. In
addition, for the purpose of the end-of-round survey, which

includes an indicator measuring the age eligibility of enrolled
children, we included children residing in the aforementioned
districts, aged 5-10 years, who may inadvertently have received
SMC. In addition, health workers who are involved in SMC
implementation, caregivers of children aged under 10 years,
community leaders, and key stakeholders such as health officials
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at different levels of the health system and those involved in
SMC implementation will be sampled, according to the study
objective, described in more detail in the Methods section. The

Lalaua district will serve as a control area (see Table 1 for
estimated population sizes).

Table 1. Estimated target population of seasonal malaria chemoprevention implementation districts and comparison district by age (2020).

Total popula-
tion, nPopulation of children aged 12-59 months, n (%)Population of children aged 3-11 months, n (%)Target population estimates

Intervention area

36,46932,438 (88.94)4031 (11.04)Malema

35,47431,515 (88.83)3959 (11.16)Mecuburi

71,943Total SMCa target population

Control

18,40316,425 (89.25)1978 (10.74)Lalaua

aSMC: seasonal malaria chemoprevention.

Study Design
We will adopt a type 2 hybrid effectiveness-implementation
study design that evaluates the effects of a clinical intervention
on relevant outcomes while collecting information on
implementation [29]. The hybrid effectiveness-implementation
study design supports the pursuit of different lines of research
simultaneously, which facilitates the more rapid translation and
uptake of study findings for policy makers and implementers
[29,30]. This study will use mixed methods to address the
aforementioned objectives. Assessments of the protective effect
of SPAQ, as delivered as part of SMC implementation, will
provide evidence on whether this is appropriate in a region
where SP resistance is suspected. Evaluating the implementation
of SMC will generate knowledge on the feasibility and
acceptability of this intervention in situ, including the
challenges, barriers, and facilitators in the local context. Such
findings can be useful to inform which intervention components

are generalizable and which require local adaptation for other
settings [31].

Four monthly cycles of SMC drugs will be distributed
door-to-door to eligible children aged between 3 and 59 months
by community distributors between November 2020 and
February 2021 in 2 districts of Nampula Province. SMC tools
and protocols used in Sahelian countries where the Malaria
Consortium supports SMC delivery will be adapted to the
context in Mozambique for this purpose. A third district will
serve as a comparison district (the latter will receive standard
malaria prevention, control, and case management). Data
collection across the study components was conducted between
October 2020 and May 2021 (Figure 3).

The methods are organized according to the study objective,
described in more detail below, with an overview provided in
Table 2 and Figure 3.

Figure 3. Timeline of seasonal malaria chemoprevention study objectives. Obj: Objective; RCT: randomized controlled trial; SMC: seasonal malaria
chemoprevention; SPAQ: sulfadoxine-pyrimethamine and amodiaquine.
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Table 2. Overview of research objectives, methods, and sampling.

Sample size
(N=3320), n
(%)Exclusion criteriaInclusion criteriaStudy populationMethodObjective

600 (18.07)Quantitative:
molecular analy-
sis

•••• Presence of any
signs or symptoms
of severe malaria,
refusal to participate

Aged 3-59 months at-
tending the health facil-
ities in study area with
fever or history of

Eligible children aged 3-
59 months on the day 1 of

the first SMCb cycle

SPAQa resistance
molecular marker
monitoring

fever in preceding 24
hours, with a positive

malaria RDTc and,
with prior informed
consent obtained from
the parents or
guardians

800 (24.09)Quantitative:
nonrandomized
controlled trial

•••• Presence of a se-
vere, chronic illness
and a history of a
significant adverse

Eligible children, visit-
ed home for enrollment

Eligible children aged 3-
59 months on the day 1 of
the first SMC cycle

Nonrandomized
controlled trial

reaction to sulfadox-
ine-pyrimethamine
or amodiaquine

• Refusal to partici-
pate

26 health fa-
cilities in all

Quantitative:

DHIS2d or SIS-

•••• Data from children
aged >13 years or
those falling outside

HMISf data on health
facility attendance for
children aged 0-13

Data quality audit and
morbidity analysis of all
confirmed malaria cases
reported in children aged

Assessment of im-
pact of SMC on
reported malaria
morbidity indica-

3 study dis-
trictsMAe data analy-

sis
the specified datesyears (inclusive) will

be extracted fromless than 5 years in the 3
study districts from

tors

health facility registers
November 2020 to March as full line listings,
or May 2021 covering November

2020 to May 2021

N/AQualitative: docu-
mentation of the

•••• N/AN/AN/AgProcess documen-
tation of SMC

adaptation pro-
cess

adaptation

120 (3.61)Qualitative: KIIsh

and FGDsi

•••• Not categorized into
one of the described
study populations

Must fall into one of
the study population’
categories, must con-

Health workers implement-
ing SMC

Feasibility and ac-
ceptability assess-
ment • Caregivers of children

aged 3-59 months, commu- sent to participate • Refusal to partici-
patenity members, and commu-

nity leaders
• Health workers
• SMC implementers
• Health officials and policy

makers (district, provin-
cial, and national)

1800 (54.22)Quantitative:
end-of-round sur-
vey

•••• No one aged 18
years or older avail-
able at the time of
data collection

Households with chil-
dren aged 3-119
months, resident in the
study location >1

Eligible children aged 3-
119 months who have
been a resident in the
study location for a mini-

Coverage and
quality evaluation

month during SMCmum of at least one • No children aged 3-
119 months presentmonth, during the SMC • Aged 18 years or older

with the primary re-pilot implementation peri- • Refusal to partici-
pateod. Survey responses will sponsibility of feeding

and daily care of atbe provided by caregivers
least one child aged 3
months to 10 years

aSPAQ: sulfadoxine-pyrimethamine and amodiaquine.
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bSMC: seasonal malaria chemoprevention.
cRDT: rapid diagnostic test.
dDHIS2: district health information software.
eSISMA: Sistema de informação em Saúde e Monitoria e Avaliação.
fHMIS: health management information system.
gN/A: not applicable.
hKII: key informative interview.
iFGD: focus group discussion.

Ethical Considerations
Ethical approval for this study was granted by the Mozambican
Ministry of Health National Bioethics Committee on September
15, 2020. Only participants who met the inclusion criteria and
provided written informed consent will be included.

Study Objectives and Methods: SPAQ Resistance
Molecular Marker Monitoring

Overview
The purpose of this study is to determine the baseline prevalence
of SPAQ resistance markers and any eventual increase after one
round (four monthly cycles) of SMC as assessed via molecular
markers in the population. Specifically, to detect prevalence
over time in the proportion of symptomatic children, using a
positive rapid diagnostic test (RDT), residing in 2 districts where
SMC will be implemented who carry parasites with Plasmodium
falciparum dihydrofolate reductase (dhfr), Plasmodium
falciparum dihydropteroate synthase (dhps), Plasmodium
falciparum chloroquine resistance transporter gene (pfcrt) and/or
Plasmodium falciparum multidrug resistance gene 1 (pfmdr1)
mutations, compared with children living in a neighboring
district with similar epidemiologic characteristics but not
receiving SMC. Children enrolled in both areas will be aged
3-59 months and will have similar clinical and parasitological
characteristics. Health facility–based cross-sectional surveys
will be conducted in October 2020, before the SMC distribution
begins (baseline), and in March 2021, after one complete round
of SMC (endline), to measure the prevalence of molecular
markers associated with resistance to SPAQ in symptomatic
children aged less than 5 years with a positive RDT attending
selected health facilities in the intervention and control areas.
Monitoring the prevalence of alleles associated with drug
resistance will be done by collecting blood samples from

symptomatic children with evidence of infection. During the
surveys, fingerpick blood samples will be collected on Whatman
903 (10534612) filter papers (dried blood spots). Sample
collection will be performed in 2 selected first-level health
facilities in each district of the intervention area and also in 4
selected health facilities in the comparator district, with a total
of 8 health facilities across all 3 districts. The main outcome
measure is the prevalence of molecular markers associated with
SP (codons 108, 51, and 59 in dhfr and 437, 540, and 581 in
dhps) and AQ (codons 72-76 in pfcrt and 86, 184, and 1246 in
pfmdr1) resistance in blood samples collected from symptomatic
children aged less than 5 years with a positive RDT attending
the selected health facilities. The prevalence will be assessed
in areas with SMC and with no SMC at baseline and at the end
of the project.

Indicative Sample Size Calculations
The sample size will be determined using the WHO protocol
for drug efficacy testing [32]. The survey’s sample size will be
calculated to estimate changes in the prevalence of SPAQ
resistance markers with sufficient precision to detect a
statistically significant difference before and after SMC
implementation. It is assumed that the prevalence of dhfr and
dhps sextuple mutants is 0% [33] in the intervention area. A
sample size of 242 samples per survey per arm was estimated
to have 90% power to detect a difference at the 5% level (P=.05)
between baseline and endline. This will permit confirmation of
a prevalence of 5% or higher in dhfr and dhps sextuple mutants.
Assuming a 10% loss of samples or uninterpretable analysis,
the number will be rounded up to 300 samples per area
(intervention and comparator districts) per survey per country.
Figure 4 shows the estimated sample sizes for each health
facility. Samples will be collected in 8 health facilities (4 in the
intervention area and 4 in the comparator control area).

Figure 4. Estimated sample sizes. Numbers correspond to the children with positive malaria test results. HF: health facility; RDT: rapid diagnostic
test.

Selection of Survey Health Facilities
Samples will be collected from selected health facilities from
the list of all health facilities in the control and intervention
areas, based on attendance of children with fever or history of

fever and prevalence of Plasmodium falciparum infection among
them based on routine data reporting.

Study Population
The study population will include children aged 3-59 months
attending the selected health facilities in both the intervention
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and comparator districts. The number of children to be screened
in each health facility will depend on the proportion of malaria
RDT-positive cases over the total number of children meeting
the eligibility criteria. Children who do not meet the inclusion
criteria, for example, those with a negative RDT result, will be
referred within the same health facility for further assessment
and appropriate treatment.

Sample Collection and Molecular Analysis
Caregivers of children meeting all the inclusion criteria
mentioned earlier will be interviewed using a short paper
questionnaire to record personal identifiers of the children such
as date of birth, sex, date of interview, and residence location.
The study staff will approach them as part of their clinical visits.

A blood sample (4 drops) will be collected through finger prick
onto a filter paper (Whatman 3MM) to determine the prevalence
of dhfr, dhps, pfcrt, and pfmdr1 mutations. Other molecular
markers of antimalarial resistance will be considered for analysis
as comparators. Specimens will be labeled anonymously (unique
identifying code, study health facility, and date), dried, stored
in individual plastic bags with desiccants, and protected from
light, humidity, and extreme temperature until analyzed. All
samples will be batched and stored at 4 °Cat the Centro de
Investigação em Saúde de Manhiça laboratory (until complete
sample collection and analysis). Dhfr, dhps, pfcrt, and pfmdr1
genotypes will be determined using nested mutation-specific
polymerase chain reaction, sequencing, and/or polymerase chain
reaction-restriction fragment length polymorphism. The
prevalence of dhfr mutations at codons 51, 59, and 108 and
dhps mutations at codons 431, 437, 540, 581, and 613 and pfcrt
codons 72-76 and pfmdr1 codons 86, 184, and 1246 will be
calculated among the sampled children, and differences in the
proportions of samples with each of these mutations between
baseline and endline will be tested using the z test.

Nonrandomized Controlled Trial

Overview
A nonrandomized controlled trial will be conducted to determine
whether the receipt of SPAQ is associated with a reduction in
the odds of clinically significant malaria outcomes and to
estimate the protective effect of SPAQ. There will be two arms:
one (control arm) in the comparator district and the other in one
of the SMC intervention districts. Communities will be randomly
selected in both the intervention and control districts. Eligible
children (aged 3-59 months at the first SMC cycle) will be
recruited through random selection. Exclusion criteria include
the presence of a severe, chronic illness and a history of a
significant adverse reaction to SP or AQ. Selected children will
be treated appropriately and retained during the trial. In the
control district, communities bordering the intervention district
will be avoided because of potential unintended leakage of
SPAQ across the district boundary.

Sample Size
The study will be powered to have an 80% chance of detecting
a 40% reduction in incidence with statistical significance at the
5% level. It is assumed that study participants, in the absence
of SMC, would experience 0.2 clinical episodes per child per

high-transmission season (corresponding to the SMC round) of
sufficient severity to present to a health facility [10]. The sample
size calculation, based on the formula for a binary outcome
superiority trial, shows that a sample of 654 eligible children
(or 327 per arm) is required to provide sufficient statistical
power. This multiplies to 818 under the assumption of a 20%
loss to follow-up over the four cycles. Therefore, we aim to
recruit a minimum of 800 eligible children (400 per arm).

Primary Outcome
The primary outcome of this study will be visits to a health
facility for suspected malaria by eligible children and
confirmation of malaria diagnosis using an RDT during the
5-month study period, which includes a period of 28 days after
the final administration of SPAQ.

Recruitment and Data Collection
Households will be randomly sampled from selected
communities in both the control and intervention arms and 1
eligible child recruited at random in each household. A short
baseline questionnaire will be administered to collect individual
data on each child and to confirm their eligibility after the
caregivers provided their consent. In the intervention arm, the
questionnaire will be administered before the intake of SPAQ
for SMC. The primary end point will be recorded through
passive surveillance by study clinicians in both the intervention
and comparator areas during the 4-month study period. Children
recruited into the study presenting at clinics will be identified
using information on SMC record cards, on which a child’s
information and SMC doses are recorded, and data on health
facility visits including suspected malaria cases and results of
RDTs will be matched to baseline questionnaire data to build
a database for analysis.

Data Analysis
Data will be analyzed using multivariate logistic regression with
odds ratios estimated for the association between allocation to
the intervention arm and (suspected and confirmed) malaria
diagnosis at any point during the study period, converted to a
percentage estimate of protective effect. To compensate for the
lack of preintervention random allocation of participants to
intervention or control groups, covariate adjustment will be
made for potential confounders that may influence respondents’
odds of experiencing a clinically significant case of malaria.
Covariates, measured at baseline, will include sex, age, parental
education, and long-lasting insecticidal net use and all of these
will be operationalized as categorical variables. Analyses will
also use a multivariate Cox proportional hazards model with
multiple Cox regression. Failure defined as a visit to a health
facility for suspected malaria and/or a confirmed case of malaria
and timing of this event based on the original date of health
facility attendance during the study period and the estimated
protective effect calculated.

Assessment of SMC Distribution Impact on Reported
Malaria Morbidity Indicators Using Routine Data
We will investigate the impact of SMC on reported malaria
morbidity (as a primary end point) in children aged 3-59 months
in the study area. Differences in rates of malaria incidence by
age at the health facility level will be investigated using a
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quasi-experimental design based on regression discontinuity
analysis, taking advantage of the discontinuity in eligibility for
SMC based on age.

Before obtaining data on malaria indicators at the health facility
and district levels, a data quality audit will be conducted to
assess the quality of the data that will be used for analysis. The
quality of data from districts where SMC is implemented will
also be compared with that of data from the comparator district.
Health management information system data on health facility
attendance for children aged 0-13 years (inclusive) will be
extracted from health facility registers as full line listings,
covering November 2020 to May 2021 in both implementation
districts and the control district by photographing the relevant
pages of the registers and entering data directly into Excel tables
as appropriate. While monthly suspected malaria cases
presenting at each health facility will be calculated, other
variables including date of health facility attendance, sex, date
of birth (or closest estimate of age in months as a preference,
or age in years if this cannot be confirmed from an identity
document, previous health facility record, or vaccination or
medical card), whether a malaria test was performed, the type
of test performed (RDT or microscopy), test results (confirmed
malaria or negative test results), malaria mortality, and any other
variables collected routinely for all child attendees (eg, nutrition
status) will be obtained. Observations from registers will be
categorized by children’s ages according to the smallest possible
increments. Incidence curves [34] for suspected and confirmed
malaria cases by age will be modeled from these data (using
offset terms to adjust for estimated numbers of children in each
age category by health facility catchment area). Incidence curves
by age will either be fitted with quadratic or cubic regression
terms in Stata 16 (StataCorp) or using a thin plate spline term
in R (R Foundation for Statistical Computing; using the mixed
gam computation vehicle package). Regression discontinuity
analysis [35] using negative binomial models will then be used
to assess the reduction in malaria incidence by age-dependent
eligibility for SMC. As the primary exposure variable, eligibility
will be coded as a binary variable (1=3-59 months 0=0-2 months
and 60-155 months) based on age at the start of the SMC round
and district. Adjustments will be made for the month of health
facility attendance. If possible, random effects will be fitted,
with observations of monthly malaria cases nested within clinics.
The results will be expressed as rate ratios for the difference in
incidence in the eligible age group compared with the expected
incidence curve. Models will adjust for sex as an interaction
term (considered a moderator for age-dependent malaria
susceptibility). Sensitivity analyses may consider the effects of
unintended coverage of children aged 5-9 years.

Process Documentation of SMC Adaptation
The purpose of this component is to systematically capture the
process of how the SMC model implemented by the Malaria
Consortium and partners in West and Central African countries
is adapted to the Mozambican context. Specifically, this will
take into consideration the existing government health system,
structures, personnel, and service delivery at different levels.
In view of the current COVID-19 pandemic, all of the
aforementioned activities and tools will be appropriately adapted
to this outbreak context, which will constitute an additional

aspect to be documented as part of the model adaptation.
Previous study protocols, implementation reports, tools, and
materials from other countries where the Malaria Consortium
has implemented SMC will be reviewed and collated. Relevant
materials will be adapted and translated for the Mozambican
context. All of these adaptations will be captured using a
template process documentation tool.

Feasibility and Acceptability Assessment
A key component of investigating the feasibility and efficacy
of SMC in Mozambique is understanding the views and
experiences of those involved in its implementation and use.

To explore the feasibility and acceptability of implementing
SMC, a qualitative assessment using key informant interviews
and focus group discussions (FGDs) will be conducted. This
study component will examine how SMC is viewed,
experienced, and engaged with by different stakeholder groups,
including policy makers, implementers, and beneficiaries.

The study population includes health workers and community
volunteers who are involved in SMC implementation, caregivers
of children aged 3-59 months, community members, community
leaders, and key decision makers such as health officials at
different levels of the health system. Purposive approaches to
sampling will be adopted to include those best able to provide
insight into the topic being explored and a range of views and
experiences relating to SMC [36]. Participants will fall under
four main groups: caregivers of children eligible for SMC;
health workers and community volunteers involved in SMC
delivery; community members in areas where SMC is
implemented; and key informants involved in SMC
implementation, program management, and policy making.

Within each participant group, participants with a range of
different experiences will be identified, where possible. For
example, for caregivers, efforts will be made to include
participants of different genders, ages, living in more rural and
urban locations; those considered more marginalized, such as
adolescents, older caregivers, and people living remotely; and
those with different socioeconomic status and education levels.
Although we presume that most caregivers will be female, we
will attempt to include male caregivers where possible and
relevant. We will also aim to include those with different
experiences relating to SMC, that is, those who refused and
those who agreed to receive SPAQ for their children. For health
workers and community-based volunteers, those of different
ages and experience and seniority levels will be identified for
recruitment. For community members, those with potentially
different perspectives will be included, for example, village
leaders, older men, older women, and younger women. For key
informants, implementing partners and those from district,
provincial, and national levels and with a range of different
potential insights, for instance, relating to malaria prevention
policy making, program management, and drug supply chain
management, will be identified for recruitment. In addition to
identifying participants purposively, the end-of-round
approaches to sampling will be adopted, with the final sample
size determined based on evidence of achieving data saturation,
when additional participants do not generate new findings
relating to the topic of investigation [37,38]. We estimate

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e27855 | p.305https://www.researchprotocols.org/2021/9/e27855
(page number not for citation purposes)

Wharton-Smith et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


recruiting approximately 10-20 participants per group (Table
3) for participation in an in-depth interview. In addition, 6-12
FGDs will be conducted with approximately 6-8 participants
per group.

Data will be generated through in-depth interviews and FGDs,
based on topic guides, to explore views on SMC, areas relating
to SMC acceptability, and reflections on the implementation
experience. Topic guides will serve as prompts for the
interviewer but will be flexible and participant led. In-depth
interviews will aim to encourage participants to elaborate and
provide in-depth accounts of their views and experiences relating
to SMC, or thick descriptions [39], including through using
nonverbal and verbal probing. Topic guides will vary the areas
of focus, depending on the participant group. For example,

interviews with caregivers will explore topics including general
views on malaria, malaria prevention options, and SMC, as well
as perceived malaria risk, perceived benefits and costs or
negatives of SMC, concerns, challenges, and support. Interviews
with community distributors will explore topics such as
experiences administering SPAQ, how community members
respond to SMC, what community distributors themselves think
about the pros and cons of SMC and its appropriateness in the
region, challenges, and support for engagement with it.
Interviews with key informants will explore topics relating to
implementation views and experiences, including reflections
on the pilot implementation, the appropriateness of SMC for
preventing malaria in the region and country, and challenges
and opportunities for national rollout.

Table 3. Sampling frame.

Data collection techniqueParticipant group and estimated sample size

Caregivers

IDIa10-20

FGDb3-6

Health workers and community-based volunteers

IDI10-12

FGD3-6

Key informants or stakeholders

IDI10-12

Community members

FGD3-6

aIDI: in-depth interview.
bFGD: focus group discussion.

FGDs can facilitate an understanding of social norms, providing
access to a range of perspectives [40], and the interaction
between participants [41]. FGDs will therefore enable the
exploration of wider views on SMC acceptability in the
communities where the pilot is implemented, as well as views
regarding different malaria prevention options, decision-making
processes relevant to SMC, and potential barriers and facilitators
for SMC implementation. FGDs with community members and
caregivers will be homogenized by gender and age to facilitate
interaction among participants and the expression of norms and
consensus among peers in a grouping that is sensitive to cultural
norms. All interviews and FGDs will be audio recorded and
then transcribed and translated verbatim. Data collection and
analysis will be conducted iteratively, with data analysis
beginning at the point of data generation and with participant
recruitment and topic focus being adapted as data collection
progresses to further test emerging concepts and potential
discrepancies from majority themes [42]. Data will be analyzed
thematically using coding to identify emergent patterns,
concepts, and categories from participants’ accounts.

Coverage and Quality Evaluation (End-of-Round
Survey)

Overview
The aim of this component is to evaluate the process of SMC
implementation in terms of quality, coverage, and adherence to
COVID-19 safety guidelines. To evaluate the coverage provided
in the SMC pilot, an end-of-round survey will be conducted in
March 2021. The objective of the end-of-round survey is to
retrospectively determine coverage by surveying caregivers of
eligible children aged 3-59 months and ineligible children aged
60-119 months, as leakage into the older age group has been
anecdotally observed in other SMC countries [43]. Caregivers
will be asked if their children receive the full 3-day course of
the SPAQ during each cycle of the SMC round. The key
indicators that will be assessed will include (1) the proportion
of households with eligible children visited by a community
distributor, (2) the proportion of day one SPAQ administered
by community distributors to eligible children (in terms of
children who received day one SPAQ at least once during
2020-2021 and by monthly cycle), (3) the proportion of eligible
children who received a full 3-day course of SPAQ (including
day 2 and day 3 AQ, among eligible children who received day
one SPAQ), (4) the proportion of SPAQ administered by
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community distributors by directly observed treatment (among
eligible children who received day one SPAQ), and (5) the
proportion of day one SPAQ received per eligible child over
the course of the SMC round (including the proportion of
children who received day one SPAQ during all four SMC
cycles). To measure the quality of SMC coverage, the three key
indicators assessed will be the correct age eligibility included,
correct directly observed therapy observed, and correct dosage
administered. These quality indicators are included along with
the coverage indicators in an end-of-round survey tool.

End-of-Round Survey Study Area
This study aims to achieve a representative sample of children
aged 3-119 months in households grouped within clusters
identified from health facility catchment areas across the 2
intervention districts of the SMC pilot (ie, Malema and
Mecuburi).

Study Design
For this objective, the design will be a cross-sectional cluster
randomized survey to evaluate the coverage level and quality
of SMC piloted in the Malema and Mecuburi districts.
Households refusing to participate in the study will be replaced
with the next eligible household until the estimated sample size
is attained.

Sample Size and Technique
The end-of-round survey will use multistage random samples
of households in areas covered by the Malaria Consortium’s
SMC pilot and will intend to achieve a representative sample
of the target population at the district level to estimate the
coverage of SMC at the level of individual eligible children.
The sampling protocol aims to achieve a self-weighted sample
with sampling units selected with a probability proportional to
size. Only at the last stage of sampling (ie, at the household
level) will a constant number of eligible children (1 child per
household) be selected. The survey will be powered to provide
an estimate of SMC coverage for children aged 3-59 months
with a margin of error of 5%, while also providing a
representative sample of children aged 60-119 months. The
main sampling frame for the selection process will be a list of
villages. Villages will then be randomly selected using the
probability proportional to size. Villages will be the primary
unit of sampling through which households and eligible children
will be selected randomly. This may be reviewed once the study
starts if this approach is not feasible in practice. A primary
caregiver in this survey refers to any individual, aged at least
18 years, with the primary responsibility of feeding and daily
care of at least one child aged less than 5 years, in a household
where he or she has been a resident before the start of the SMC
pilot or 1 month before the last cycle of SMC. The sample size
calculation was performed using Stata 16 using the svysampsi
command, based on the following assumptions: (1) the assumed
intracluster correlation is 0.2; (2) 15 eligible children per cluster
(b=cluster size); (3) the (design/cluster effect) = 1 + (b − 1)
intracluster correlation = 1 + (15 − 1) 0.2 = 3.8; (4) the coverage
rate of SMC in children aged 0-4 years of at least 80% (and in
children aged 5-9 years of at most 20%); (5) a margin of error
of 5%; (6) finite population adjustment is applied (75,000); (7)

nonresponse rate of 5%; and (8) assumed ratio of children aged
5-9 years to those aged 0-4 years of 0.88.

Sampling Procedure
The sample size calculation revealed that a sample of 1842
children was required. It was decided that the survey would
include 120 clusters, each comprising 15 children (n=1800),
with 60 in each of the two districts. A constant number of
households (15) will be randomly sampled from these areas,
with the assumption that the populations in each sampling unit
were of approximately equal size. One eligible child will be
sampled from each compound in the absence of a
household-level sampling frame, under the assumption that
households contain a similar number of eligible children.
Sampling at each stage will be conducted without replacement;
once a supervision area or cluster has been selected, it should
no longer be eligible for further selection.

Study Tools
The data were collected using a questionnaire developed by the
Malaria Consortium. The survey questionnaire will be translated
into Portuguese and Macua languages and uploaded into the
SurveyCTO software application that will enable direct,
field-based computer-aided personal interview and remote
capture of the data and transfer to a netbook computer.

Although the coverage surveys will be the main method to
determine coverage, two additional data sources will be analyzed
and compared with survey results: (1) administrative data based
on SMC tally sheets completed by distributors and data compiled
via summary forms and end-of-cycle reports, and (2)
(coverage=doses delivered/target population) and stock
consumption data (coverage=SPAQ coblister packs received
before the campaign−SPAQ coblister packs left at the end/target
population).

Data Collection
Data will be collected by administering questionnaires to the
identified respondents in the sampled compounds within the
communities. The survey questionnaires will be administered
by a trained research team. All surveys will be administered
using SurveyCTO, an electronic data collection platform for
smartphones, and data will be uploaded to a remote server after
each day of data collection. Interviews will be conducted in
local languages using the questionnaires provided by the Malaria
Consortium, with data collectors translating from the Portuguese
questionnaire on the spot and assigning responses to predefined
answer categories in SurveyCTO. For the age eligibility
indicator, survey respondents may be asked to present a birth
certificate or vaccination card to the data collector to verify the
child’s date of birth. The duration of data collection is expected
to last for 7 days during the first week of March 2021.

Data Analysis
Data analysis will be carried out using Stata 16. Coverage will
be calculated using the proportion command. Population size
weights will be applied using the svy command as appropriate
for estimates of coverage indicators when it is not possible to
achieve a self-weighting sample. All indicators of interest will
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be calculated as proportions by district and an average across
both districts.

Availability of Data and Materials
The associated study protocol and data collection tools will be
made available upon request from the corresponding author.
Quantitative data sets will be available from the corresponding
author upon reasonable request after the completion of primary
analyses and dissemination of results. Qualitative study data
sets will not be available, as they may include identifiable
information that could compromise participant identity.

Results

Data collection and analysis from all six objectives will be
completed by September 2021.

Discussion

Principal Findings
This study will provide a unique contribution to the evidence
on the prevalence of SPAQ resistance in Mozambique and more
broadly in the region, and to what extent it may challenge the
protection that SMC confers. Furthermore, this first evaluation
of SMC implementation in this context will generate insights
on the enablers, challenges, perceptions, feasibility,
acceptability, quality, and coverage of this intervention in situ.
This study is vital, as it is the first time that SMC is implemented
in East and Southern Africa.

Recent evidence from the ACCESS-SMC program showed that
the protective effectiveness of each monthly treatment was
similar to that observed in randomized controlled trials [44,45].
In 2 countries with district health information software-2
databases established before SMC scale-up (ie, The Gambia
and Burkina Faso), estimated reductions of 57% and 42% in
the number of malaria deaths in district hospitals were
determined for the SMC intervention period, and reductions of
53% and 45% in the number of outpatient cases, respectively

[8]. Similar reductions were observed in the number of
outpatient malaria cases in other countries [8]. These results
represent the first large-scale evaluation of SMC implemented
by national programs and provide the first evidence of an impact
on malaria deaths. Earlier studies in Burkina Faso and Mali
showed effects on prevalence [46,47] and cost-saving benefits
[9,48].

Molecular markers of SPAQ resistance occurred at a low
prevalence in previous studies in the Sahel, consistent with the
effectiveness of SMC observed in several case-control studies.
However, there is evidence of selection for resistance to SP in
parasites sampled from the same age group in the areas where
SMC will be implemented for the first time in Mozambique.
Therefore, resistance to both SPAQ needs to be monitored via
standardized methods, across all regions in Mozambique where
SMC is used, to provide early warning of loss of effectiveness.

Limitations
Leakage of SPAQ to older age groups not targeted by SMC
programs raises a concern for the development of drug
resistance, as doses administered are unlikely to offer sufficient
protection against malaria transmission. This also influences
the secondary data analysis in the same way; leakage reduces
the apparent effect size in the targeted age group.

Conclusions
This research will be a novel contribution to our understanding
of whether SPAQ, when used for SMC, can confer a protective
effect against malaria in children aged 3-59 months in a region
where malaria transmission is seasonal and SP resistance is
expected to be high. In addition, the findings from this study
will inform future SMC implementation in Mozambique and
other countries and potentially enhance the quality of SMC
distribution in terms of quality, coverage, and acceptability.
Subsequent phases are expected to provide a more
comprehensive assessment of the effectiveness and sustainability
of SMCs.
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Abstract

Background: To support advanced cancer patients and their oncologists in therapeutic decisions, we aim to develop a decision
aid (DA) in a multiphased, bicentric study. The DA aims to help patients to better understand risks and benefits of the available
treatment options including the options of standard palliative care or cancer-specific treatment (ie, off-label drug use within an
individual treatment plan).

Objective: This study protocol outlines the development and testing of the DA in a pre-post study targeting a heterogeneous
population of advanced cancer patients.

Methods: In the first step, we will assess patients’ information and decisional needs as well as the views of the health care
providers regarding the content and implementation of the DA. Through a scoping review, we aim to analyze specific characteristics
of the decision-making process and to specify the treatment options, outcomes, and probabilities. An interdisciplinary research
group of experts will develop and review the DA. In the second step, testing of the DA (design and field testing) with patients
and oncologists will be conducted. As a last step, we will run a pre-post design study with 70 doctor-patient encounters to assess
improvements on the primary study outcome: patients’ level of decisional conflict. In addition, the user acceptance of all involved
parties will be tested.

Results: Interviews with cancer patients, oncologists, and health care providers (ie, nurses, nutritionists) as well as a literature
review from phase I have been completed. The field testing is scheduled for April 2021 to August 2021, with the final revision
scheduled for September 2021. The pre-post study of the DA and acceptance testing are scheduled to start in October 2021 and
shall be finished in September 2022.

Conclusions: A unique feature of this study is the development of a DA for patients with different types of advanced cancer,
which covers a wide range of topics relevant for patients near the end of life such as forgoing cancer-specific therapy and switching
to best supportive care.

Trial Registration: ClinicalTrials.gov NCT04606238; https://clinicaltrials.gov/ct2/show/NCT04606238.

International Registered Report Identifier (IRRID): DERR1-10.2196/24954
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Introduction

Background
Patients with advanced cancer, when most standard therapies
have been administered, are confronted with complex decisions
about the further course of their treatment. They might face
such decisions as (1) forgoing cancer-specific treatment and
focusing on best supportive care or (2) off-label treatment within
an individual treatment plan or possible inclusion in early
clinical trials (ie, phase I and II studies).

Such decisions are complex and require the consideration of
patients’ decision-making values and treatment preferences as
well as weighing different factors such as patients’ quality of
life, therapy side effects, and uncertainty about possible
treatment outcomes [1,2]. We use the term decision-making
values for the importance that patients place on the options’
positive and negative aspects when considering a specific
decision. Treatment preferences refer to the degree to which
each patient prefers each treatment option [3]. Treatment
preferences (ie, regarding family involvement in decisions or
the extent of participation in decision making) and patients’
decision-making values (ie, for quality or length of life) might
differ considerably [3]. Current guidelines on advanced care
planning [4] emphasize the importance of consideration and
timely integration of patients' treatment preferences and
decision-making values in decision making in advanced cancer
[3,5,6].

Furthermore, compounding the decisional process is that, on
the one hand, oncologists often avoid prognosticating and
eliciting patients’ treatment preferences for or against anticancer
therapy and decision-making values [5-9]; on the other hand,
many patients tend to have an inaccurate perception of the
curability of their cancer [5,10-13]. A multicenter international
study conducted with 1390 patients with advanced cancer
demonstrated that 55% of patients receiving palliative care
thought that their cancer was curable [10]. The same is true of
patients participating in clinical trials. Many of them tend to
have therapeutic misconception. They misunderstand a trial’s
purpose and express “unrealistic optimism” regarding its benefits
[14-18]. A study with 301 cancer patients with gastrointestinal,
gynecological, and lung cancers showed that more than 80% of
patients in phase 1 clinical trials expected clinical benefits (ie,
tumor shrinkage) and 10% even hoped for a cure [18].

Against this background, shared decision making (SDM), an
approach based on patients’ engagement in the decisional
process, becomes of particular importance in advanced cancer
planning [11]. SDM has been increasingly advocated as it elicits
patients’ decision-making values and treatment preferences. It
permits informing patients about treatment benefits and harms
and involving patients more actively in care planning, helping
them weigh information based on their preferences [2].

Despite the fact that patients with advanced cancer might differ
in their coping with disease [12], need for information, and

preferred level of involvement in decisions [13,19], there is an
urgent need to facilitate SDM and systematically support
patients and oncologists in arriving at evidence-informed and
value-congruent decisions as these decisions have a major
impact on patients’ last months of life [2].

One of the existing possible ways to facilitate SDM is using
patient decision aids (DAs). DAs are tools (pamphlets, videos,
web-based or paper-based materials) that aim to help patients
to participate in decision making. They provide information
about different treatment options and patient-related advantages
and disadvantages, help patients clarify their health care goals,
and elicit and integrate their decision-making values in the
decision-making process [20,21].

Various systematic literature reviews on DAs for people facing
treatment or screening decisions demonstrated that the use of
DAs can improve SDM, aligning decisions with the preferences
of patients without negative impact on clinical outcomes. DAs
have been shown to increase patients’ involvement in decision
making in various clinical domains as well as to improve
patients’ informed choices and to facilitate challenging
discussions about goals of care and advanced care planning.
Studies show that using DAs can contribute significantly to
reducing decisional conflict and make patients feel more
confident to make decisions [20,22-24]. The use of DAs has
been shown to be associated with patients’ increased knowledge
of treatment options [20]. Patients who used DAs had a more
accurate risk perception and more realistic expectations of
therapy outcomes [18,25,26]. For example, a study conducted
with 40 hospitalized patients with advanced cancer demonstrated
that a video DA reduced patients’ decisional uncertainty while
increasing patients’ knowledge and readiness for palliative
radiation therapy [27]. Furthermore, they could contribute to
patients’ satisfaction with decisions and minimize patients and
caregivers’ regret and blame on physicians [20,26,28-31].

However, many of the available DAs target patients considering
therapy for early-stage cancer, cancer screening, or decisions
about genetic testing and rarely target patients considering the
management of advanced cancer [26,32-35].

There are only a few DAs for advanced cancer patients even
though recommendations for their systematic development have
been published [21]. Existing DAs are limited in their use by a
certain type of cancer (ie, colorectal cancer or prostate cancer
[36,37]) or target certain treatment scenarios (ie, participation
in early phase clinical trials [2], use of standard systemic cancer
therapies [38,39], or initial treatment after diagnoses [40]). To
our knowledge, one patient communication aid in the Dutch
language has been developed that targets clarification of
patients’ preferences and encompasses a question prompt list
that can be used by patients with advanced cancer regardless of
tumor type when talking to their oncologist [11].

Study Objectives
Against this background, we aim to develop a patient DA with
a patient-centered design to support advanced cancer patients
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and their oncologists in decision making about anticancer
treatment in situations where standard anticancer treatment lines
have been exhausted. The DA will be aimed at a heterogeneous
population of cancer patients, independently of cancer type as
it will focus on situations that are generic for patients when
standard treatment options are about to be exhausted. These
decisions are typically similar for all cancer types and are about
forgoing cancer-specific therapy and switching to best
supportive care. The alternative is an additional tumor-specific
treatment as off-label treatment, experimental individual
treatment plan, or treatment within a clinical trial. With such a
generic DA, we aim to facilitate routine initiation of the
end-of-life discussions that still occur too late in the course of
disease. Second, we aim to develop a clinically feasible
implementation plan for the DA.

Furthermore, we aim to assess the acceptance and test potential
effects of the developed DA on (1) oncologist-patient interaction
(ie, satisfaction with the oncologist-patient interaction), (2)
patient involvement in decision making, and (3) level of
decisional conflict and uncertainties about choices.

Conceptional Framework
The novelty of this study and the planned DA is that it targets
patients with different types of advanced cancer in order to
provide them with information and help them decide about the
continuation or forgoing of tumor-specific therapy in clinical
situations, in which there is no further standard tumor-specific
therapy available but treatment is available as off-label treatment
or part of a trial. Hence, the DA aims to facilitate SDM, which
is essentially the communication of the best-available research
evidence on benefits and harms of options and the clarification
of patients’ treatment preferences in relation to this information
[41]. Based on a consensus of experts in the field [41], SDM
has been defined in terms of 3 broad phases: (1) team talk: work
together, describe choices, offer support, and ask about patients’
goals; (2) option talk: discuss alternatives using risk
communication principles; and (3) decision talk: get to informed
preferences, make preference-based decisions.

The DA in our project is used to influence phase 1 of the SDM,
which will probably affect the health care provider-patient
communication in phases 2 and 3 as well. Based on the available

body of randomized trials on clinical DAs [20], we primarily
expect decreased patient decisional conflict and an increased
feeling of being informed. Although the impact of DAs on
professional performance seems limited overall, the use of the
DA with patients with advanced cancer may also reduce
intensive treatment. While we will measure quality of life in
our study, we do not expect changes as a result of the use of the
DA based on the available research evidence [20]. Given the
practice-based character of the study, we did not specify and
measure psychological factors and processes that may be
affected by the DA, such as coping mechanisms.

Methods

Overview
We will use a systematic stepwise development process for the
DA based on the International Patient Decision Aid Standards
(IPDAS) collaboration guidelines, which are particularly
relevant to “preference-sensitive” decisions [21,42]. The process
will include the following key steps of DA development and
testing: (1) establishing the informational basis for patients’ and
health care providers’ decisional and information needs, (2)
development and review of the DA by the interdisciplinary
research group and presenting it in research colloquiums, (3)
testing of the DA (design and field testing) with patients and
health care providers (understandability, acceptance, usability,
and feasibility testing) as well as usage instruction with health
care providers, (4) pilot study in a pre-post design with baseline
and intervention phases to evaluate the DA with regard to 3
objectives of feasibility and pilot research [43]: testing
procedures, estimating recruitment and retention, and
determining sample size. The first 2 objectives primarily relate
to feasibility, while the third objective relates to the effectiveness
of the intervention (the smaller the potential effects, the higher
the sample size in a definitive trial needs to be). For the third
objective, we have included patient-related outcomes and have
planned to explore the potential effects of the DA in a pre-post
comparison. The intervention phase will include user acceptance
testing with oncologists and patients.

The model of the DA development process based on the model
by Coulter et al [44] is presented in Figure 1.
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Figure 1. Overview of the decision aid (DA) development process based on the model by Coulter et al [44].

Study Setting
The study is bicentric and will be carried out at the Department
of Medical Oncology, National Center for Tumor Diseases
(NCT), Heidelberg University Hospital, Heidelberg, Germany
and at the Department of Internal Medicine II (Palliative Care),
University of Jena, Jena Germany. Patients will be recruited in
Heidelberg (oncology) and Jena (specialized palliative care).
This study was approved by the Ethics Committee of the
Medical Faculty of the University of Heidelberg and University
of Jena.

Establishing the Informational Basis on Patients’ and
Care Providers’ Decisional and Information Needs
As a first step in our study, we plan on assessing patients’ and
care providers’decisional and information needs as well as care
providers’ and patients’ decision-making pathways. We aim to

analyze specific characteristics of the decision-making process
in patients with advanced cancer, to work out the content,
features, and best way to deliver the DA.

Scoping Literature Review
Substantial evidence is already available on the content of
decisions made by advanced cancer patients and their caregivers,
as well as on their treatment preferences that influence such
decisions. In addition, as mentioned earlier, some DAs have
already been developed for this context. To provide an overview
of the current state of research, we aim to conduct a scoping
review as a first step in this study.

The objective of this scoping review is twofold: first, to assess
the current state of research literature, as well as the grey
literature, on patients and caregivers and their priorities
regarding choices on advanced cancer management in the last
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months of life. This will also involve examining already existing
DAs in this particular field. Second, we aim to systematically
analyze studies on DAs for patients with advanced cancer in
order to gather information on technical issues, such as the
design of DAs or information on the facilitating and inhibiting
factors in design and implementation. For this purpose, both
development and evaluation studies on DAs will be reviewed
and their quality assessed using the criteria from the IPDAS
Collaboration [21].

The scoping review will be conducted jointly by research
associates from the department of Health Economics and Health
Care Management of Bielefeld University, Institute for History
and Ethics of Medicine of Martin Luther University
Halle-Wittenberg, and Department of Medical Oncology of the
NCT, to ensure that value-related aspects of decision making
will be covered as part of the review. We will search pertinent
databases (Medline, PsycInfo, Web of Science, DIMDI,
Euroethics) up to December 2019 for relevant publications in
the English or German language. Various keywords for
synonyms of decision making as well as cancer and end-of-life
care will be used to include relevant studies. The findings of
this scoping review will be reported according to the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-analysis Extension for Scoping Reviews)
guidelines [45].

In order to ensure transparency and consistency in the reporting
of results, this scoping review will follow the methodological
framework for scoping reviews developed by Arksey and
O’Malley [46] with the proposed improvements by Levac et al
[47] and Peters et al [48]. This framework consists of the
following stages: (1) identifying the research question; (2)
identifying relevant studies; (3) selecting studies; (4) charting
the data; (5) collating, summarizing, and reporting the results;
(6) expert consultation.

The insights from this scoping review will inform the subsequent
focus groups with clinical experts and semistructured interviews
with patients.

Establishment of the Interdisciplinary Research Group
of Experts
The expert group will consist of the team members of our
research group (n=4) who will have mostly a supervision
function and advisory function. It will include an oncologist,
leader of 1 palliative care unit, leader of a medical ethics
department, and leader of a department in health service
research. Members of this group will not conduct the field
research but will serve as active research team members who
guide, review, edit, and approve each step of the research
process. Their major role is to guide the overall study and to
ensure the patient DA will be patient-centered, meaningful,
understandable, usable, and feasible for rapid implementation.

Expert Focus Groups
As a second step, we plan to conduct 3 focus group discussions.
A focus group interview is a semistructured discussion with a
group of experts where different topics can be explored in
participants’ interactions with each other [49]. The successful

implementation and follow-up use of the DA depend on
oncologists’ willingness to discuss the DA together with the
patients during the consultations. Furthermore, based on their
experiences, oncologists can shed light on many important
aspects of patients’ decision making. Thus, their perspectives
seem to be essential for the development of the DA.

The major aim of our focus group interviews is to identify
existing difficulties in discussing tumor-specific and palliative
therapy with patients, implementation strategies, and possible
barriers as well as the best timing for using the DA.

The focus group interviews will be used to generate information
on potential factors relevant to the sampling and content of the
semistructured face-to face interviews with patients. When
planning the focus groups and later reporting on the results, we
will refer to the COREQ (consolidated criteria for reporting
qualitative research) checklist for in-depth interviews and focus
groups that covers all important components of a focus group
study design [49].

Participants, Setting, and Data Collection
Participants (5-8 persons per focus group) will be recruited at
both study sites (Jena and Heidelberg). Three focus groups are
planned: 2 focus groups will include oncologists with different
levels of working experience, and the other will be conducted
with a multidisciplinary team of support services. We plan to
include nurses, specialists from an ambulatory palliative care
team, nutrition, counseling social work, and psycho-oncology
for this focus group. Participants will be purposely sampled to
represent different levels of working experience, age, and gender
to reflect a wide range of opinions. Participants will be
approached by telephone by a study nurse. The focus groups
will last approximately 90 minutes (each focus group).

Development of the Interview Guide
An interview discussion guide will be developed by a
multidisciplinary team including expertise from clinical
oncology, social sciences, and medicine ethics and pretested
with 2 oncologists and 2 nurses before being used in the
subsequent focus groups. The primary results of the literature
review will be incorporated into the development of the
interview guide. Three major topics for the focus groups will
encompass the most important aspects that could be helpful for
the development of the DA. Every topic will have several
questions in order to gain deep insight into the decision-making
process in advanced cancer regarding the context, use, and
implementation of DAs. Furthermore, based on the literature
review, we decided to develop a preliminary DA prototype in
order to discuss it at the end of each focus group. This
preliminary prototype will include the most important aspect
of a DA and will be used as a trigger for a discussion about the
implementation and development of our DA. The aim is to
figure out which aspects identified in the literature review might
be useful for our DA. An iterative process will be used so that
the information derived from the first focus group will be
analyzed and the interview guide will be revised and adjusted
for the next focus groups.

The interview guide topics are presented in Textbox 1.
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Textbox 1. Focus group topics.

1. Questions on the decision-making process in advanced cancer about:

• limiting cancer-specific treatment, possible off-label drug use, and integration of supportive care

• patients’ inclusion in early clinical studies (important factors for oncologists and patients)

• clinical scenarios in advanced cancer care

2. Questions on the decision aid (DA), including:

• context and form of the DA

• time of use

• implementation barriers and implementation strategy

3. Discussion of the DA prototype (a DA prototype has been developed before the focus group interviews and will be shown at the end of the focus
group for discussion)

Analysis of the Focus Groups
Interviews will be audiotaped, transcribed verbatim, and
analyzed according to qualitative inductive content analysis as
described by Sandelowski [50]. We decided to use this approach
as there is not much research on DAs that are not limited to a
certain cancer type in advanced cancer near the end of life
[21,36,37]. As this content might differ considerably from usual
cancer DAs, we favored a more open approach without using
the pre-existing categories for analysis as suggested by deductive
content analysis. Inductive content analysis includes open
coding, creating categories, and themes.

In the first step of open coding, interviews will be analyzed
“sentence by sentence” while codes will be written in the text.
In the next step, the codes will be categorized. After this, the
lists of categories will be grouped into themes [51]. The coding
will be conducted by 2 researchers (KL and BS) who will
discuss coding disagreements and refine the coding system. To
minimize the personal bias and reflexivity of 2 single
researchers, we plan to discuss results from every coding round
in our interdisciplinary research team. Furthermore, the final
results and possible input for the development of the DA and
for the patients’ interviews will be discussed in our research
team. This analysis will be conducted with the help of the data
analysis software MAXQDA (VERBI GmbH, Berlin, Germany).

Qualitative Semistructured Interviews
The aim of qualitative interviews is the assessment of patients’
decision-making values and treatment preferences associated
with the decision-making process when standard systemic
therapies have been exhausted, as well as factors contributing
to the decisional conflict. As the interview topics are about
forgoing cancer-specific treatment and are very sensitive for
patients, a qualitative approach has been selected as it mostly
suited for exploring sensitive topics [52]. In spite of the fact
that family members play an important role in decision making
in advanced cancer, we decided to exclude them from interviews
due to difficulties in the recruitment process.

Participants, Setting, and Data Collection
Patients will be recruited at the NCT (University Hospital
Heidelberg) in the in- and outpatient settings. We will include

adult patients with incurable, stage IV disease (prostate, breast,
pancreatic, stomach, or colorectal cancer) in an advanced
treatment stage (prognosis <12 months and/or standard palliative
care only is considered). These entities cover a large proportion
of cancer burden. In addition, these are the entities covered by
the outpatient clinics of the Department of Medical Oncology
of the NCT. These inclusion criteria make it possible to
interview patient groups who are potential users of a DA at an
advanced cancer stage when decisions about forgoing
cancer-specific treatment are usually discussed with patients.
Furthermore, we will try to include patients who have already
made at least 1 of the 3 decisions. However, the focus will be
on the orientation towards the physical and mental condition of
patients. An experienced oncologist will be in charge for the
recruitment and will decide if patients’psychological states will
allow them to participate in the interview. If a patient has
physical symptoms (ie, pain) or his or her physical condition
worsens, he or she will not be asked to participate in the
interview. Included patients will be monitored by their
oncologists after the interview, and if necessary, in case of
distress, a psycho-oncology team will be contacted to support
the patient. Patients must have an adequate level of the German
language and be willing and able to give informed consent for
participation in the study.

Patients that already are under standard palliative care only, are
cognitively impaired, have extreme anxiety or distress, or have
a severe comorbid illness, excluding antitumor treatment as
assessed by the treating oncologist, will be excluded from the
study.

Interviews will be conducted until informational saturation will
be reached. We will transcribe and code interviews one by one
in order to control the process data acquisition and if necessary,
we will adjust the interview guide. Furthermore, this will allow
us to control whether saturation has been reached. Regarding
saturation, we understand this as the point in our research
process when little or no new information emerge in from the
data collection and analysis [53]. We opted for this prolonged
process as the research is conducted with a very vulnerable
patient group who are near the end of life and who have different
health conditions.
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Thereby, we aim to maximize variation in the purposeful
sampling, considering relevant factors that might have an impact
on interview results: age, level of education, gender, residential
environment (eg, living alone), physical distress related to prior
treatment, treatment duration, and availability of experimental
treatment. A minimum number of 20 interviews will be
performed to address the likely heterogeneity of the underlying
cancer entities.

Development of the Interview Guide
Based on the results of the scoping review and focus groups,
the semistructured interview guide will be developed jointly
with the researcher of medical ethics and health economics and
health care management and involve representatives from
oncology to ensure that ethically relevant as well as clinical
aspects will be included. As this patient group is very vulnerable
due to their far advanced cancer disease and being near the end
of life, the interview needs a sensitive approach. We will work
with a case scenario in which a similar treatment situation for
an advanced cancer patient will be described. Working with a
case scenario will help to avoid confronting patients directly
with sensitive questions that they might not feel comfortable

disclosing or might even escape their own awareness but at the
same time will help to explore patients’ treatment preferences
as well as knowledge about decision alternatives and
corresponding values. For practical reasons, we decided to use
only one case scenario in order not to burden patients with
interviews that are too long. The wording will be as neutral as
possible in order to avoid potential influences on the patients’
thinking processes. We aim to use the case scenario as an entry
point into the interview and then ask the patients about their
own decision making if they demonstrate a willingness to do
so during the interview.

The case scenario and the interview topics are presented in
Textbox 2. The questions for the interviews will be formulated
to ensure patient-centered and literary-sensitive language and
will be pretested in pilot interviews with some patients (n=3).
After a test with patients and discussion of the results in our
expert groups, the interview guide will be improved so that the
interview guide can be elaborated based on the patients’
viewpoints and experiences. Trained research personnel in social
sciences and medical ethics will conduct the face-to-face
interviews. The interviews will last approximately 30-60 minutes
each.

Textbox 2. Topics for patients’ interviews.

Case scenario about an advanced cancer patient facing decision of treatment limitation: "A 64-year-old female patient received a diagnosis of colorectal
cancer with metastasis 4 years ago. The tumor was operated but, in some time, came back. At the moment — like nearly continuously for 3.5 years
— she has been treated with chemotherapy. Now the patient has found out that the cancer has gotten worse and that the therapy is not effective
anymore. Further cancer-specific treatment could be off-label drug use within an individual treatment plan or inclusion of the patient in an early
clinical trial, where a new drug will be tested. However, these treatment options have uncertain outcomes and unclear risks."

There are the following possible scenarios for this patient: (1) forgoing cancer-specific treatment and switching to standard palliative care or (2)
individual off-label drug use or inclusion in a clinical trial.

1. Questions on this case scenario regarding the decision-making process about forgoing cancer-specific therapy (ie, If you put yourself in the
position of the patient, what information would you need to make a decision?)

2. Questions on patients’ treatment preferences and decision-making values

3. Questions on the decision aid: context, form, and time of use of a decision aid

Analysis of Qualitative Interviews
The analysis of the qualitative interviews will be conducted
analogous to the focus groups (see Analysis of the Focus
Groups).

Development of a DA (Version 1)
Based on the scoping literature review, expert focus groups,
and qualitative semistructured interviews, a prototype version
of the DA will be developed following the criteria for
developing DAs provided by the IPDAS [21]: assessment of
users’ needs to discuss options (results of the literature review,
focus groups, and interviews), presenting information in a
balanced manner, using plain language (design testing), and
field testing [21]. It should be emphasized that deviations from
the IPDAS could be possible following the qualitative part of
our study.

We anticipate that the DA will encompass treatment options
(cancer-specific treatment [ie, off-label use of therapies] vs
standard palliative care) with risks and benefits as well as

preferences and other factors that are associated with decisions
in advanced cancer care.

Due to the proposed generic use of the DA (various tumor
entities with a respective variance of options), the rapid
development of therapies, and evolving clinical and scientific
knowledge, we refrained from providing explicit evidence in
the DA. The prognostic information will be added personally
by oncologists during the patient-oncologist consultation. To
guide the decision conversation and allow for an individually
tailored approach, the preference of patients about how much
information they like to receive and how much they like to be
involved in the decision is assessed as part of the DA.

We are planning a paper-based DA that is introduced to the
patient and his or her relatives by an oncologist at the moment
that a decision needs to made for or against (continued)
oncological treatment in the trajectory of advanced cancer
patients. This first draft will be reviewed by the steering group,
consisting of 3-5 experts from oncology, medical ethics, and
the social sciences to assess the DA in terms of its content and
design.
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Furthermore, we plan to develop a usage instruction for
oncologists. It aims to give indications for oncologists about
the timing for DA use, discussion of the DA with patients, and
the documentation of the discussion with patients.

Testing of the DA (Design and Field Testing) With
Patients and Health Care Providers
The testing of the DA will include 2 steps. In the first step, we
will test the design of the DA with potential users in a controlled
environment. In the second step, the DA will be field-tested
with patients and oncologists in a real clinical situation, and we
will focus on confirming the feasibility of the DA as used in
clinical practice. Additionally, the DA usage instruction will
be tested with oncologists.

Design Testing of the DA
In the second project phase, the developed prototype of the DA
will undergo a design test. The aim of this testing is to assess
the understandability, acceptability, feasibility, and
attractiveness of the prototype. Testing will be conducted using
face-to face interviews with oncologists (at least 2-3) and cancer
patients (at least 6-8) who have been faced with the decision of
continuing tumor-specific therapy in the past. Using a
think-aloud technique [54] with participants going through the
DA as if in the actual decision situation, information about
comprehensibility of terms and diagrams used, attractiveness,
and manageability of the DA will be elicited from participants’
reactions. Additional questions cover the participants’ opinions
of the length, design, and understandability as well as the content
of the DA. Moreover, participants will be asked to provide
recommendations for possible improvements of the DA. The
interview will last approximately 20-30 minutes. Interviews are
conducted in the preferred place of the participants (eg, clinic,
home) to ensure a comfortable environment where participants
can concentrate on the task. Interviews are conducted once with
each participant.

Revision of the DA
Based on the results obtained in the alpha testing, we aim to
optimize the prototype draft. After every 2-3 interviews, the
DA will be updated based on the feedback of the participants.
Alpha testing is completed if there are no further adaptations
necessary.

Field Testing
In the field-testing phase, the feasibility of the DA will be
evaluated in “real-world” settings by 16-20 patients and 4-6
oncologists who were not involved in the design phase.
Feasibility is operationalized in terms of (1) time required for
use and (2) acceptability for patients and oncologists. We will
conduct qualitative interviews with patients and oncologists
using the following questions:

• What is the best time to use this DA?
• What is the best way to use the DA by oncologists and

patients?
• Was the DA helpful to make a treatment decision?
• What did you find good about the DA?
• How do you think the DA could be improved?

• What impact did the DA have on the length of the
consultation?

• Would you recommend using this DA? (patients); When
would you use the DA in the future? (oncologists)

Each interview will last approximately 20-30 minutes.
Qualitative data will be thematically analyzed. The analysis
will be conducted analogous to the qualitative analyses described
in the qualitative interviews and focus groups.

Revision of the DA
After every 3-4 interviews, the DA will be revised based on the
feedback from the participants. Additionally, relevant
observations and feedback are summarized in a guide for use.
If necessary, another round of field testing will be conducted.
Field testing is completed if, based on the feedback after at least
3 rounds, there are no further adaptations of the DA necessary.
Based on the results from field testing, the DA will be revised
once again by an expert group, and a final version will be
developed.

Pre-Post Study of the DA and its Acceptance Testing
In the last project phase, we will run a pre-post study of the DA.
It has 2 measurement phases: baseline and intervention. The
aim of this study is to examine the potential effects of the DA
on patients’ knowledge, behavioral changes, and clinical
outcomes and to test its acceptance. The Medical Research
Council Framework for developing and evaluating complex
interventions, which has guided our study, specifies 3 objectives
for feasibility and pilot research [43]: (1) testing procedures,
(2) estimating recruitment and retention, and (3) determining
the sample size. The first 2 objectives primarily relate to
feasibility, while the third objective relates to the effectiveness
of the intervention (the smaller the potential effects, the higher
the sample size needs to be in a definitive trial). For the third
objective, we have included patient-related outcomes and plan
to explore the potential effects of the DA in a pre-post
comparison.

Design and Settings
First, patients will be recruited in a baseline phase lasting 4
months to observe usual care without using the DA. It means
that oncologists will inform patients about further treatment
options for cancer-specific therapy, side effects, and potential
benefit, but they will not explicitly address that best supportive
care would also be an option and will not use a decision support
tool for eliciting patient preferences and assisting in decision
making. The baseline phase will be followed by an intervention
phase lasting 6 months. Oncologists and patients will use the
DA in the same situation (change of treatment needs to be
discussed with the patient because of disease progression,
treatment toxicity, or other reasons). A minimum of 40
doctor-patient encounters will be included in the 4-month
baseline, and 40 doctor-patient encounters will also be included
in the 6-month DA intervention phase. The whole sample will
encompass 80 doctor-patient encounters. The planned sample
size is largely determined by the feasibility of recruiting patients
within the available project duration.
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Measurements
The potential effect of the DA will be evaluated by testing the
improvements on the primary outcome for our study level of
decisional conflict. Level of decisional conflict will be measured
with the Decision Conflict Scale [55] that assesses patients’
perceptions of uncertainty, modifiable factors contributing to
uncertainty, and ultimate satisfaction with the choice. It is one
of the most robust and validated instruments to test the impact
of DAs in end-of-life decision making [56]; We assume that
the Decisional Conflict Scale score will decrease for the patients
who use the DA.

Furthermore, we aim to assess the patients’ involvement in
decision making, certainty about choice, and satisfaction with
the oncologist-patient interaction as exploratory endpoints.
Patients’ involvement in decision making will be assessed with
the German questionnaire on shared decision making
(PEF-FB-9) [57]. The trade-off between patients’ preferences
for quality and length of life will be assessed with the validated
German version of the Quality-Quantity Questionnaire [1]. The
preferred role of the patient in decision making will be assessed
with the German version of the Control Preference Scale [58].
Satisfaction with the oncologist-patient interaction will be

assessed using the validated Questionnaire on the Quality of
Physician-Patient Interaction (QQPPI) [59]. Effect on hope
(German version of the Herth Hope Index [60]), anxiety
(EQ-5D-5L [61]), quality of life (EORTC QLQ-C30 [62]), and
documentation of patient preferences will be measured.

Description of the measures and their psychometric properties,
scoring, and interpretation are provided in Table 1.

Such determinants of quality of palliative care as time of
integration of specialized palliative services into care,
aggressiveness of therapy (anticancer treatment <14 days before
death), and place of death will be recorded.

During data collection, patients might have changes in mental
status (ie, develop depression or cognitive problems) as well as
experience changes in decision making. The study physician
involved with data collection will document all possibly relevant
factors.

The questionnaires will be completed by patients and oncologists
before and after the intervention and will take approximately
15-20 minutes to complete. All assessments will be conducted
in German.
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Table 1. Description of the measures and their psychometric properties, scoring, and interpretation.

Scoring and interpretationInstrumentOutcome

The German version of the Decision Conflict Scale demonstrated good psychometric properties.
The internal consistency was found to be high (Cronbach=.96). It has 5 subscales with a total
of 16 items and 5 response categories, ranging from 0 (strongly agree) to 4 (strongly disagree).
The total score is calculated in the following way: The 16 Items are (1) summed, (2) divided
by 16, and (3) multiplied by 25. Scores range from 0, no decisional conflict, to 100, extremely
high decisional conflict.

Decision Conflict ScaleLevel of decisional
conflict 

The German questionnaire on shared decision making “Der Fragebogen zur Partizipativen
Entscheidungsfindung” (PEF-FB-9) demonstrated high internal consistency (Cronbach=.93).
It has 9 items scored on a 6-point Likert scale, ranging from 0 (not at all) to 6 (fully correct).
The score is created by adding all items (range 0-45 points). A higher score means more shared
decision making.

Questionnaire for participa-
tory decision making
(PEF-FB-9)

Patients' involvement in
decision making 

The validated German version of the Quality-Quantity Questionnaire consists of 9 items in 2
preference dimensions: Q(uality) of life (QL) and L(ength) of life (LL). The scales demonstrated
good and acceptable internal consistency (Cronbach=0.71 for LL and .59 for QL). Patients in-
dicate how strongly they agree or disagree with the statements on a 5-point Likert scale. High
scores on the quantity or quality scale indicate the importance of the length or quality of life,
respectively.

Quality-Quantity Question-
naire

Trade-off between pa-
tients' preferences for
quality and length of
life 

The preferred role of the patient in decision making will be assessed with the German version
of the CPS. It is a valid and reliable measure of preferred roles in medical decision making. It
consists of 5 statements (A, B, C, D, E) that each portrays a different role in treatment decision
making. For analysis, a categorical variable, which is the person's most preferred role in treatment
decision making, will be created. Preference orders will be reclassified into Active (A, B),
Collaborative (C), and Passive (D, E).

Control Preference Scale
(CPS)

Preferred role of the
patient in decision
making

The German version of the validated QQPPI — “Fragebogen zur Arzt-Patienten-Interaktion”
(FAPI) — showed very good reliability (Cronbach=.97). It has 14 items rated on a 5-point scale
(range: 1 [I do not agree] to 5 [I fully agree]). The total score is calculated as a mean of all 14
items. The lowest score (1) indicates the lowest quality of physician-patient interaction, and
the highest (14) indicates the highest quality of physician-patient interaction.

Quality of Physician-Pa-
tient Interaction (QQPPI)

Satisfaction with the
oncologist-patient inter-
action 

The HHI-D has satisfactory reliability (Cronbach=.82). It has 12 items rated on a 4-point Likert
scale that ranges from 1 (strongly disagree) to 4 (strongly agree), with items #3 and #6 reverse-
coded. The scale has 1 global score that ranges from 12 to 48. Higher scores indicate more
hope.

German version of the
Herth Hope Index (HHI-D)

Effect on hope

The EORTC QLQ-C30 questionnaire is widely used to measure the quality of life of cancer
patients. The QLQ-C30 has a global health status scale, 5 functional scales, and 3 symptom
scales. High scores on the functional scales mean healthy functioning. A high score for global
health status means a higher quality of life. A high score on the symptom scales indicates a
high level of problems. Scores for all scales and single items range from 0 to 100. The question-
naires will be interpreted following the official guidelines of the EORTC.

EORTC QLQ-C30Effect on patients' qual-
ity of life

The EQ-5D-5L, a preference-based measure of general health status, consists of 5 dimensions
(mobility, self-care, usual activities, pain/discomfort, and anxiety/depression), each with 5
levels of problems: 1=no, 2=slight, 3=moderate, 4=severe, and 5=extreme or unable to perform
the task. The anxiety/depression dimension of the EQ-5D-5L will be used to detect anxiety and
depressive symptoms.

Anxiety EQ-5D-5LEffect on patients’anxi-
ety

User Acceptance Testing With Oncologists and Patients
A variety of factors can affect users’ acceptance of a DA.
Among these factors, users’ perceptions and expectations are
the key factors that influence their acceptance. Therefore, we
aim to survey the oncologists’ and patients’ acceptance of the
DA. The acceptance testing will be conducted during the
intervention phase with patients and oncologists who will be
caring for the patients in the pre-post study. The major aim is
to assess oncologists’perceptions of the usefulness (how useful
oncologists find the DA), willingness to use the DA in daily
routine with patients (how comfortable they would be to use
the DA with patients), willingness or readiness to use it in
clinical practice (how likely they would use it within the next
5 months), and perceived need for the DA. In addition, the

patients’ perceptions of usefulness and willingness to use the
DA during consultations with their oncologists will be assessed.
The oncologists who were involved in the development of DA
will be excluded from acceptance testing.

Measurements
In order to access oncologists’ acceptance of the DA, we plan
to use the German version of the Ottawa Acceptability of
Decision Rules Instrument (OADRI) [63]. It is a 12-item
instrument developed to measure the acceptability of and
willingness to use clinical decision rules in the future [64].

Patients’acceptability will be measured with a question (whether
the patient found the DA useful for their decisions) from the
DA feedback questionnaire developed by Juraskova et al [65].
Our research team will translate it into German. We refrain from
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using long questionnaires for patients as they already have to
fulfill the set of questionnaires from the pre-post design study.

Sample Characteristics
Patients will be recruited at participating study sites (Jena,
Heidelberg) in inpatient and outpatient settings. Patients will
be identified by a study nurse via the electronic health record
of patients scheduled in the outpatient or inpatient clinic and
approached for participation if they fulfill the inclusion criteria.

We will include adult patients with incurable, stage IV disease
(prostate, breast, pancreatic, stomach, or colorectal cancer) in
an advanced treatment stage (prognosis <12 months or standard
palliative care only is considered). The patient must have an
adequate level of the German language to complete the
questionnaire and is willing and able to give informed consent
for participation in the study.

We will exclude patients from the study who are already under
standard palliative care only, are cognitively impaired, have
extreme anxiety or distress, or have a severe comorbid illness,
excluding antitumor treatment as assessed by the treating
oncologist.

The influence of implicit bias will be reduced by recruitment
of patients both in Heidelberg and Jena. In addition, the use of
a trained study nurse at both sites will reduce implicit bias in
recruitment. Drop-out reasons will be documented.

Oncologists will be recruited from the participating study sites
(Jena, Heidelberg). They will be identified by a study nurse and
invited to participate in the study via phone. We will include
oncologists with different levels of working experience and of
varying ages. The oncologists who participated in the
development of the DA will be excluded from participation in
the study.

Data Analysis
Analyses will be performed using SPSS v.20.0. A descriptive
analysis of the sample will be performed. According to the level
of variables, means, SDs, medians, minimum and maximum,
and absolute or relative frequencies will be reported.

Clinically significant decisional conflict will be calculated and
defined by a score of ≥25/100 on the Decision Conflict Scale,
which is the most commonly used threshold to distinguish a
harmful level of decisional conflict [62-64].

We will compare primary and exploratory outcome measures
between the 2 patient groups (baseline and intervention) using
Student t tests or analysis of variance. Parametric or
nonparametric statistics (depending on the distribution of the
data) will be used for the analysis of the patient groups from
the baseline and intervention phases.

We will compare clinical confounders (time of integration of
specialized palliative services into care; aggressiveness of
therapy [anticancer treatment <14 days before death and place
of death]) between the 2 patient groups (baseline and
intervention) by comparing mean values. Measures of variability
(SD) will be calculated.

Given the practice-based character and the small sample size
of the study, we refrain from extensive measurement and
multivariate analysis of mediators and moderators of the
intervention effects. For the latter reason, we do not plan to use
multiple imputation of missing values. Missing values will be
handled by allowing a maximum of 35% missing in the
calculation of scale scores.

P values of the corresponding statistical tests comparing
treatment groups (ie, 2-sample t tests for continuous variables
and chi-square tests for categorical data) will be given. Statistical
significance will be assessed at the level of α=.05 (two-sided).

Timeline of the Study
The study will be conducted over a period of 3 years, with 12
months for conducting focus groups, interviews, and developing
the first version of the DA. In a further 12 months, DA testing
will follow as well as the completion of the DA. In the last 12
months of the study, a pre-post study and acceptance analysis
will be conducted.

Results

We anticipate that this study will provide evidence about the
developmental process, acceptance, and potential effects of a
DA to support advanced cancer patients’ decision making in
relation to the limitation of cancer-specific treatment near the
end of life. The results will be disseminated through publications
in peer-reviewed scientific journals and via presentations at
academic conferences. The scoping literature review will
provide information on the possible content, features, structure
of DAs, and information on fostering and hindering factors in
design and implementation strategies. The focus groups will
identify factors influencing the decision-making process in
advanced cancer, timing, and possible ways of delivery of the
DA. Interviews with patients will provide information about
patients’ decisional and informational needs, important factors
for the decision-making process, and patient preferences and
wishes regarding a DA.

Design and field testing will produce an optimized prototype
of the DA for further testing. The pre-post study will test the
potential effects of the DA on patients’ knowledge, behavioral
changes, and clinical outcomes as well as its acceptance.

The field testing is scheduled for April 2021 to August 2021,
with the final revision scheduled for September 2021. The
pre-post study of the DA and acceptance testing is scheduled
to start in October 2021 and shall be finished in September
2022.

Discussion

The key strength of this study is that it aims at developing a DA
that can be effectively used across different types of cancer.
Furthermore, a wide range of topics relevant for advanced cancer
near the end of life such as forgoing cancer-specific therapy
and patients’ inclusion in clinical trials will be covered. To our
knowledge, it will be the first DA of its kind.

In trying to develop a DA that is suitable for patients with any
cancer type, this certainly will create a number of challenges
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(in terms of synthesizing the evidence on advanced cancer
treatment options and presenting the benefits and risks and
choices available). To face this challenge, 2 extensive validation
validity phases will be included (review and re-draft of prototype
versions 2 and 3), during which the DA will undergo review
from advanced cancer patients, oncologists, and other experts
from medical ethics and social sciences.

A further strength of this study is that we do not focus solely
on the development of a DA but also on testing its impact on
clinical practice and on patients’health outcomes. Additionally,
we will evaluate the acceptance of the DA within the
implementation study.

Furthermore, for all phases of the DA development and testing,
interdisciplinary experts from psycho-oncology, sociology,
oncology, palliative medicine, and medical ethics will be
involved, enabling a better framework for this process.

This study has several limitations. One of the limitations is that
developing and subsequent testing of the DA will take place
mainly at the NCT in Heidelberg. The NCT is a national
innovative tumor center, combining patient-oriented research,
care, and a multidisciplinary approach. It offers a wide spectrum
of consulting services for patients such as nutrition,
psycho-oncology, pain therapy, pastoral care, self-help, social
service, sports, and physical activity. It means that patients have
additional services and a more individualized care approach in
comparison to other hospitals.

Although the perspective of another hospital (palliative care
unit in Jena) will be taken into consideration, it is likely that
future multicentric research evaluating our DA’s impact on
patients’ outcomes as well as process evaluation of the DA
implementation may therefore also be needed.

Furthermore, due to recruitment difficulties, we decided not to
interview patients’ family members, who usually are involved
in these decisions. Missing this important perspective might
have an impact on the results of our study.

In patient interviews, we used a case scenario that might increase
social matching bias. Furthermore, there can be a difference
between what people think they would do in a described
situation and their actual behavior. Furthermore, the interview
guide had to be modified and customized according to the
patients’ current physical and mental status. This could lead to
decreased generalizability of the results.

Our sample size in the pre-post study is relatively small due to
the severe conditions of the patients who are near the end of
life. This leads to difficulties in recruitment and can restrict the
interpretation of the results.

Furthermore, given the relatively small sample size of the
planned study, we can only explore the diversity of patients and
health care professionals to a specific degree.

 

Acknowledgments
This study is supported by research grant number 70113243 of the Deutsche Krebshilfe (German Cancer Aid).

Conflicts of Interest
None declared.

References
1. Laryionava K, Sklenarova H, Heußner P, Haun MW, Stiggelbout AM, Hartmann M, et al. Cancer patients' preferences for

quantity or quality of life: German translation and validation of the quality and quantity questionnaire. Oncol Res Treat
2014;37(9):472-478. [doi: 10.1159/000366250] [Medline: 25231687]

2. van Lent LGG, Stoel NK, van Weert JCM, van Gurp J, de Jonge MJA, Lolkema MP, et al. Realizing better doctor-patient
dialogue about choices in palliative care and early phase clinical trial participation: towards an online value clarification
tool (OnVaCT). BMC Palliat Care 2019 Nov 29;18(1):106 [FREE Full text] [doi: 10.1186/s12904-019-0486-6] [Medline:
31783851]

3. Llewellyn-Thomas HA, Crump RT. Decision support for patients: values clarification and preference elicitation. Med Care
Res Rev 2013 Mar 01;70(1 Suppl):50S-79S. [doi: 10.1177/1077558712461182] [Medline: 23124615]

4. Schrijvers D, Cherny NI, ESMO Guidelines Working Group. ESMO Clinical Practice Guidelines on palliative care: advanced
care planning. Ann Oncol 2014 Sep;25 Suppl 3:iii138-iii142 [FREE Full text] [doi: 10.1093/annonc/mdu241] [Medline:
25210082]

5. Baile WF, Lenzi R, Parker PA, Buckman R, Cohen L. Oncologists' attitudes toward and practices in giving bad news: an
exploratory study. J Clin Oncol 2002 Apr 15;20(8):2189-2196. [doi: 10.1200/JCO.2002.08.004] [Medline: 11956281]

6. Baile WF, Buckman R, Lenzi R, Glober G, Beale EA, Kudelka AP. SPIKES-A six-step protocol for delivering bad news:
application to the patient with cancer. Oncologist 2000;5(4):302-311 [FREE Full text] [doi: 10.1634/theoncologist.5-4-302]
[Medline: 10964998]

7. Hancock K, Clayton JM, Parker SM, Wal der S, Butow PN, Carrick S, et al. Truth-telling in discussing prognosis in advanced
life-limiting illnesses: a systematic review. Palliat Med 2007 Sep;21(6):507-517. [doi: 10.1177/0269216307080823]
[Medline: 17846091]

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e24954 | p.323https://www.researchprotocols.org/2021/9/e24954
(page number not for citation purposes)

Laryionava et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1159/000366250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25231687&dopt=Abstract
https://bmcpalliatcare.biomedcentral.com/articles/10.1186/s12904-019-0486-6
http://dx.doi.org/10.1186/s12904-019-0486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31783851&dopt=Abstract
http://dx.doi.org/10.1177/1077558712461182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23124615&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0923-7534(19)34086-4
http://dx.doi.org/10.1093/annonc/mdu241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25210082&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2002.08.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11956281&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1083-7159&date=2000&volume=5&issue=4&spage=302
http://dx.doi.org/10.1634/theoncologist.5-4-302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10964998&dopt=Abstract
http://dx.doi.org/10.1177/0269216307080823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17846091&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Habib AR, Cronin AM, Earle CC, Tulsky JA, Mack JW, Abel GA, et al. How Do Blood Cancer Doctors Discuss Prognosis?
Findings from a National Survey of Hematologic Oncologists. J Palliat Med 2019 Jun;22(6):677-684 [FREE Full text] [doi:
10.1089/jpm.2018.0441] [Medline: 30907686]

9. Gilligan T, Bohlke K, Baile WF. Patient-Clinician Communication: American Society of Clinical Oncology Consensus
Guideline Summary. JOP 2018 Jan;14(1):42-46. [doi: 10.1200/jop.2017.027144]

10. Yennurajalingam S, Rodrigues LF, Shamieh O, Tricou C, Filbet M, Naing K, et al. Perception of Curability Among Advanced
Cancer Patients: An International Collaborative Study. Oncologist 2018 Apr;23(4):501-506 [FREE Full text] [doi:
10.1634/theoncologist.2017-0264] [Medline: 29158371]

11. Henselmans I, Brugel SD, de Haes HCJM, Wolvetang KJA, de Vries LM, Pieterse AH, et al. Promoting shared decision
making in advanced cancer: Development and piloting of a patient communication aid. Patient Educ Couns 2019
May;102(5):916-923. [doi: 10.1016/j.pec.2018.12.018] [Medline: 30591283]

12. Chen CH, Kuo SC, Tang ST. Current status of accurate prognostic awareness in advanced/terminally ill cancer patients:
Systematic review and meta-regression analysis. Palliat Med 2017 May;31(5):406-418. [doi: 10.1177/0269216316663976]
[Medline: 27492160]

13. Elkin EB, Kim SHM, Casper ES, Kissane DW, Schrag D. Desire for information and involvement in treatment decisions:
elderly cancer patients' preferences and their physicians' perceptions. J Clin Oncol 2007 Nov 20;25(33):5275-5280. [doi:
10.1200/JCO.2007.11.1922] [Medline: 18024875]

14. Garrett SB, Koenig CJ, Trupin L, Hlubocky FJ, Daugherty CK, Reinert A, et al. What advanced cancer patients with limited
treatment options know about clinical research: a qualitative study. Support Care Cancer 2017 Oct;25(10):3235-3242 [FREE
Full text] [doi: 10.1007/s00520-017-3734-4] [Medline: 28488050]

15. Politi MC, Kuzemchak MD, Kaphingst KA, Perkins H, Liu J, Byrne MM. Decision Aids Can Support Cancer Clinical
Trials Decisions: Results of a Randomized Trial. Oncologist 2016 Dec;21(12):1461-1470 [FREE Full text] [doi:
10.1634/theoncologist.2016-0068] [Medline: 27511904]

16. Schildmann J, Bruns F. Informed Consent and Phase I Trials: Cognitive Failure and Additional Challenges to Informed
Decision Making. J Clin Oncol 2019 Jan 10;37(2):169. [doi: 10.1200/JCO.18.01136] [Medline: 30433847]

17. Rezash V, Reed J, Gedeon B, Parsons E, Siedlecki S, Daniels B, et al. Who Needs What? Perceptions of Patients and
Caregivers in Oncology Phase 1 Trials. J Patient Exp 2020 Mar;7(1):27-33 [FREE Full text] [doi:
10.1177/2374373519830743] [Medline: 32128368]

18. Dolly SO, Kalaitzaki E, Puglisi M, Stimpson S, Hanwell J, Fandos SS, et al. A study of motivations and expectations of
patients seen in phase 1 oncology clinics. Cancer 2016 Nov 15;122(22):3501-3508 [FREE Full text] [doi: 10.1002/cncr.30235]
[Medline: 27716902]

19. Laryionava K, Winkler EC. Patients' Preferences in Non-Curable Cancer Disease. Oncol Res Treat 2019;42(1-2):31-34
[FREE Full text] [doi: 10.1159/000496120] [Medline: 30661068]

20. Stacey D, Légaré F, Lewis K, Barry MJ, Bennett CL, Eden KB, et al. Decision aids for people facing health treatment or
screening decisions. Cochrane Database Syst Rev 2017 Apr 12;4(4):CD001431 [FREE Full text] [doi:
10.1002/14651858.CD001431.pub5] [Medline: 28402085]

21. Elwyn G, O'Connor A, Stacey D, Volk R, Edwards A, Coulter A, International Patient Decision Aids Standards (IPDAS)
Collaboration. Developing a quality criteria framework for patient decision aids: online international Delphi consensus
process. BMJ 2006 Aug 26;333(7565):417 [FREE Full text] [doi: 10.1136/bmj.38926.629329.AE] [Medline: 16908462]

22. Lam WWT, Chan M, Or A, Kwong A, Suen D, Fielding R. Reducing treatment decision conflict difficulties in breast cancer
surgery: a randomized controlled trial. J Clin Oncol 2013 Aug 10;31(23):2879-2885. [doi: 10.1200/JCO.2012.45.1856]
[Medline: 23835709]

23. Osaka W, Nakayama K. Effect of a decision aid with patient narratives in reducing decisional conflict in choice for surgery
among early-stage breast cancer patients: A three-arm randomized controlled trial. Patient Educ Couns 2017
Mar;100(3):550-562. [doi: 10.1016/j.pec.2016.09.011] [Medline: 28277290]

24. Eden KB, Scariati P, Klein K, Watson L, Remiker M, Hribar M, et al. Mammography Decision Aid Reduces Decisional
Conflict for Women in Their Forties Considering Screening. J Womens Health (Larchmt) 2015 Dec;24(12):1013-1020
[FREE Full text] [doi: 10.1089/jwh.2015.5256] [Medline: 26360918]

25. O'Connor A. Using patient decision aids to promote evidence-based decision making. ACP J Club 2001;135(1):A11-A12.
[Medline: 11471526]

26. McAlpine K, Lewis KB, Trevena LJ, Stacey D. What Is the Effectiveness of Patient Decision Aids for Cancer-Related
Decisions? A Systematic Review Subanalysis. JCO Clin Cancer Inform 2018 Dec;2:1-13 [FREE Full text] [doi:
10.1200/CCI.17.00148] [Medline: 30652610]

27. Dharmarajan KV, Walters CB, Levin TT, Milazzo CA, Monether C, Rawlins-Duell R, et al. A Video Decision Aid Improves
Informed Decision Making in Patients With Advanced Cancer Considering Palliative Radiation Therapy. J Pain Symptom
Manage 2019 Dec;58(6):1048-1055.e2 [FREE Full text] [doi: 10.1016/j.jpainsymman.2019.08.014] [Medline: 31472276]

28. Härter M, Moumjid N, Cornuz J, Elwyn G, van der Weijden T. Shared decision making in 2017: International
accomplishments in policy, research and implementation. Z Evid Fortbild Qual Gesundhwes 2017 Jun;123:1-5. [doi:
10.1016/j.zefq.2017.05.024] [Medline: 28546053]

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e24954 | p.324https://www.researchprotocols.org/2021/9/e24954
(page number not for citation purposes)

Laryionava et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/30907686
http://dx.doi.org/10.1089/jpm.2018.0441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30907686&dopt=Abstract
http://dx.doi.org/10.1200/jop.2017.027144
https://doi.org/10.1634/theoncologist.2017-0264
http://dx.doi.org/10.1634/theoncologist.2017-0264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29158371&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2018.12.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30591283&dopt=Abstract
http://dx.doi.org/10.1177/0269216316663976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27492160&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2007.11.1922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18024875&dopt=Abstract
http://europepmc.org/abstract/MED/28488050
http://europepmc.org/abstract/MED/28488050
http://dx.doi.org/10.1007/s00520-017-3734-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28488050&dopt=Abstract
https://doi.org/10.1634/theoncologist.2016-0068
http://dx.doi.org/10.1634/theoncologist.2016-0068
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27511904&dopt=Abstract
http://dx.doi.org/10.1200/JCO.18.01136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30433847&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2374373519830743?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2374373519830743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32128368&dopt=Abstract
https://doi.org/10.1002/cncr.30235
http://dx.doi.org/10.1002/cncr.30235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27716902&dopt=Abstract
https://www.karger.com?DOI=10.1159/000496120
http://dx.doi.org/10.1159/000496120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30661068&dopt=Abstract
http://europepmc.org/abstract/MED/28402085
http://dx.doi.org/10.1002/14651858.CD001431.pub5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28402085&dopt=Abstract
http://europepmc.org/abstract/MED/16908462
http://dx.doi.org/10.1136/bmj.38926.629329.AE
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16908462&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2012.45.1856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23835709&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2016.09.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28277290&dopt=Abstract
http://europepmc.org/abstract/MED/26360918
http://dx.doi.org/10.1089/jwh.2015.5256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26360918&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11471526&dopt=Abstract
https://ascopubs.org/doi/10.1200/CCI.17.00148?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1200/CCI.17.00148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30652610&dopt=Abstract
http://europepmc.org/abstract/MED/31472276
http://dx.doi.org/10.1016/j.jpainsymman.2019.08.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31472276&dopt=Abstract
http://dx.doi.org/10.1016/j.zefq.2017.05.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28546053&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. O'Connor AM, Stacey D, Entwistle V, Llewellyn-Thomas H, Rovner D, Holmes-Rovner M, et al. Decision aids for people
facing health treatment or screening decisions. Cochrane Database Syst Rev 2003(2):CD001431. [doi:
10.1002/14651858.CD001431] [Medline: 12804407]

30. Bailey RA, Pfeifer M, Shillington AC, Harshaw Q, Funnell MM, VanWingen J, et al. Effect of a patient decision aid (PDA)
for type 2 diabetes on knowledge, decisional self-efficacy, and decisional conflict. BMC Health Serv Res 2016 Jan 14;16:10
[FREE Full text] [doi: 10.1186/s12913-016-1262-4] [Medline: 26762150]

31. Légaré F, Adekpedjou R, Stacey D, Turcotte S, Kryworuchko J, Graham ID, et al. Interventions for increasing the use of
shared decision making by healthcare professionals. Cochrane Database Syst Rev 2018 Jul 19(7):CD006732 [FREE Full
text] [doi: 10.1002/14651858.CD006732.pub4] [Medline: 30025154]

32. Elit LM, Levine MN, Gafni A, Whelan TJ, Doig G, Streiner DL, et al. Patients' preferences for therapy in advanced epithelial
ovarian cancer: development, testing, and application of a bedside decision instrument. Gynecol Oncol 1996
Sep;62(3):329-335. [doi: 10.1006/gyno.1996.0244] [Medline: 8812525]

33. Fiset V, O'Connor AM, Evans W, Graham I, Degrasse C, Logan J. Development and evaluation of a decision aid for patients
with stage IV non-small cell lung cancer. Health Expect 2000 Jun;3(2):125-136 [FREE Full text] [doi:
10.1046/j.1369-6513.2000.00067.x] [Medline: 11281919]

34. Leighl NB, Butow PN, Tattersall MHN. Treatment decision aids in advanced cancer: when the goal is not cure and the
answer is not clear. J Clin Oncol 2004 May 01;22(9):1759-1762 [FREE Full text] [doi: 10.1200/JCO.2004.02.166] [Medline:
15118002]

35. A to Z Inventory of Decision Aids. The Ottawa Hospital Research Institute. 2019. URL: https://decisionaid.ohri.ca/azinvent.
php [accessed 2021-07-30]

36. Ankolekar A, Vanneste BGL, Bloemen-van Gurp E, van Roermund JG, van Limbergen EJ, van de Beek K, et al. Development
and validation of a patient decision aid for prostate Cancer therapy: from paternalistic towards participative shared decision
making. BMC Med Inform Decis Mak 2019 Jul 11;19(1):130 [FREE Full text] [doi: 10.1186/s12911-019-0862-4] [Medline:
31296199]

37. Leighl NB, Shepherd HL, Butow PN, Clarke SJ, McJannett M, Beale PJ, et al. Supporting treatment decision making in
advanced cancer: a randomized trial of a decision aid for patients with advanced colorectal cancer considering chemotherapy.
J Clin Oncol 2011 May 20;29(15):2077-2084. [doi: 10.1200/JCO.2010.32.0754] [Medline: 21483008]

38. Smith TJ, Dow LA, Virago EA, Khatcheressian J, Matsuyama R, Lyckholm LJ. A pilot trial of decision aids to give truthful
prognostic and treatment information to chemotherapy patients with advanced cancer. J Support Oncol 2011;9(2):79-86
[FREE Full text] [doi: 10.1016/j.suponc.2010.12.005] [Medline: 21542415]

39. Spronk I, Meijers MC, Heins MJ, Francke AL, Elwyn G, van Lindert A, et al. Availability and effectiveness of decision
aids for supporting shared decision making in patients with advanced colorectal and lung cancer: Results from a systematic
review. Eur J Cancer Care (Engl) 2019 May;28(3):e13079. [doi: 10.1111/ecc.13079] [Medline: 31066142]

40. Shirai Y, Fujimori M, Ogawa A, Yamada Y, Nishiwaki Y, Ohtsu A, et al. Patients' perception of the usefulness of a question
prompt sheet for advanced cancer patients when deciding the initial treatment: a randomized, controlled trial. Psychooncology
2012 Jul;21(7):706-713. [doi: 10.1002/pon.1955] [Medline: 21425387]

41. Elwyn G, Durand MA, Song J, Aarts J, Barr PJ, Berger Z, et al. A three-talk model for shared decision making: multistage
consultation process. BMJ 2017 Nov 06;359:j4891 [FREE Full text] [doi: 10.1136/bmj.j4891] [Medline: 29109079]

42. Volk RJ, Llewellyn-Thomas H, Stacey D, Elwyn G. Ten years of the International Patient Decision Aid Standards
Collaboration: evolution of the core dimensions for assessing the quality of patient decision aids. BMC Med Inform Decis
Mak 2013;13 Suppl 2:S1 [FREE Full text] [doi: 10.1186/1472-6947-13-S2-S1] [Medline: 24624947]

43. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M, Medical Research Council Guidance. Developing and
evaluating complex interventions: the new Medical Research Council guidance. BMJ 2008 Sep 29;337:a1655 [FREE Full
text] [doi: 10.1136/bmj.a1655] [Medline: 18824488]

44. Coulter A, Stilwell D, Kryworuchko J, Mullen PD, Ng CJ, van der Weijden T. A systematic development process for patient
decision aids. BMC Med Inform Decis Mak 2013;13 Suppl 2:S2 [FREE Full text] [doi: 10.1186/1472-6947-13-S2-S2]
[Medline: 24625093]

45. 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]

46. Arksey H, O'Malley L. Scoping studies: towards a methodological framework. International Journal of Social Research
Methodology 2005 Feb;8(1):19-32 [FREE Full text] [doi: 10.1080/1364557032000119616] [Medline: 20854677]

47. Levac D, Colquhoun H, O'Brien KK. Scoping studies: advancing the methodology. Implement Sci 2010 Sep 20;5:69 [FREE
Full text] [doi: 10.1186/1748-5908-5-69] [Medline: 20854677]

48. Peters MDJ, Godfrey CM, Khalil H, McInerney P, Parker D, Soares CB. Guidance for conducting systematic scoping
reviews. Int J Evid Based Healthc 2015 Sep;13(3):141-146. [doi: 10.1097/XEB.0000000000000050] [Medline: 26134548]

49. Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist for
interviews and focus groups. Int J Qual Health Care 2007 Dec;19(6):349-357. [doi: 10.1093/intqhc/mzm042] [Medline:
17872937]

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e24954 | p.325https://www.researchprotocols.org/2021/9/e24954
(page number not for citation purposes)

Laryionava et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1002/14651858.CD001431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12804407&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-016-1262-4
http://dx.doi.org/10.1186/s12913-016-1262-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26762150&dopt=Abstract
http://europepmc.org/abstract/MED/30025154
http://europepmc.org/abstract/MED/30025154
http://dx.doi.org/10.1002/14651858.CD006732.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30025154&dopt=Abstract
http://dx.doi.org/10.1006/gyno.1996.0244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8812525&dopt=Abstract
http://europepmc.org/abstract/MED/11281919
http://dx.doi.org/10.1046/j.1369-6513.2000.00067.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11281919&dopt=Abstract
http://europepmc.org/abstract/MED/18297781
http://dx.doi.org/10.1200/JCO.2004.02.166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15118002&dopt=Abstract
https://decisionaid.ohri.ca/azinvent.php
https://decisionaid.ohri.ca/azinvent.php
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-019-0862-4
http://dx.doi.org/10.1186/s12911-019-0862-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31296199&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2010.32.0754
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21483008&dopt=Abstract
http://europepmc.org/abstract/MED/21542415
http://dx.doi.org/10.1016/j.suponc.2010.12.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21542415&dopt=Abstract
http://dx.doi.org/10.1111/ecc.13079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31066142&dopt=Abstract
http://dx.doi.org/10.1002/pon.1955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21425387&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=29109079
http://dx.doi.org/10.1136/bmj.j4891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29109079&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-13-S2-S1
http://dx.doi.org/10.1186/1472-6947-13-S2-S1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24624947&dopt=Abstract
http://europepmc.org/abstract/MED/18824488
http://europepmc.org/abstract/MED/18824488
http://dx.doi.org/10.1136/bmj.a1655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18824488&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-13-S2-S2
http://dx.doi.org/10.1186/1472-6947-13-S2-S2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24625093&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://www.implementationscience.com/content/5//69
http://dx.doi.org/10.1080/1364557032000119616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20854677&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-5-69
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-5-69
http://dx.doi.org/10.1186/1748-5908-5-69
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20854677&dopt=Abstract
http://dx.doi.org/10.1097/XEB.0000000000000050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26134548&dopt=Abstract
http://dx.doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17872937&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Sandelowski M. Whatever happened to qualitative description? Res Nurs Health 2000 Aug;23(4):334-340. [doi:
10.1002/1098-240x(200008)23:4<334::aid-nur9>3.0.co;2-g] [Medline: 10940958]

51. Elo S, Kyngäs H. The qualitative content analysis process. J Adv Nurs 2008 Apr;62(1):107-115. [doi:
10.1111/j.1365-2648.2007.04569.x] [Medline: 18352969]

52. Dempsey L, Dowling M, Larkin P, Murphy K. Sensitive Interviewing in Qualitative Research. Res Nurs Health 2016
Dec;39(6):480-490. [doi: 10.1002/nur.21743] [Medline: 27434172]

53. Guest G, Bunce A, Johnson L. How Many Interviews Are Enough? Field Methods 2016 Jul 21;18(1):59-82. [doi:
10.1177/1525822x05279903]

54. Boren T, Ramey J. Thinking aloud: reconciling theory and practice. IEEE Trans. Profess. Commun 2000;43(3):261-278.
[doi: 10.1109/47.867942]

55. O'Connor AM. Validation of a decisional conflict scale. Med Decis Making 1995;15(1):25-30. [doi:
10.1177/0272989X9501500105] [Medline: 7898294]

56. Song M, Sereika SM. An evaluation of the Decisional Conflict Scale for measuring the quality of end-of-life decision
making. Patient Educ Couns 2006 Jun;61(3):397-404. [doi: 10.1016/j.pec.2005.05.003] [Medline: 15970420]

57. Kriston L, Scholl I, Hölzel L, Simon D, Loh A, Härter M. The 9-item Shared Decision Making Questionnaire (SDM-Q-9).
Development and psychometric properties in a primary care sample. Patient Educ Couns 2010 Jul;80(1):94-99. [doi:
10.1016/j.pec.2009.09.034] [Medline: 19879711]

58. Degner LF, Sloan JA, Venkatesh P. The Control Preferences Scale. Can J Nurs Res 1997;29(3):21-43. [Medline: 9505581]
59. Bieber C, Nicolai J, Müller K, Eich W. Der Fragebogen zur Arzt-Patient-Interaktion (FAPI) – Validierung und

psychometrische Optimierung anhand einer Stichprobe chronischer Schmerzpatienten. Klin Diagnostik Evaluation
2011;4:78-93 [FREE Full text]

60. Geiser F, Zajackowski K, Conrad R, Imbierowicz K, Wegener I, Herth KA, et al. The German Version of the Herth Hope
Index (HHI-D): Development and Psychometric Properties. Oncol Res Treat 2015;38(7-8):356-360. [doi: 10.1159/000435900]
[Medline: 26278579]

61. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of the new
five-level version of EQ-5D (EQ-5D-5L). Qual Life Res 2011 Dec;20(10):1727-1736 [FREE Full text] [doi:
10.1007/s11136-011-9903-x] [Medline: 21479777]

62. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The European Organization for Research
and Treatment of Cancer QLQ-C30: a quality-of-life instrument for use in international clinical trials in oncology. J Natl
Cancer Inst 1993 Mar 03;85(5):365-376. [doi: 10.1093/jnci/85.5.365] [Medline: 8433390]

63. Faller N, Stalder O, Limacher A, Bassetti S, Beer JH, Genné D, et al. Frequency of use and acceptability of clinical prediction
rules for pulmonary embolism among Swiss general internal medicine residents. Thromb Res 2017 Dec;160:9-13. [doi:
10.1016/j.thromres.2017.09.028] [Medline: 29080550]

64. Brehaut JC, Graham ID, Wood TJ, Taljaard M, Eagles D, Lott A, et al. Measuring acceptability of clinical decision rules:
validation of the Ottawa acceptability of decision rules instrument (OADRI) in four countries. Med Decis Making
2010;30(3):398-408. [doi: 10.1177/0272989X09344747] [Medline: 20042533]

65. Juraskova I, Butow P, Fisher A, Bonner C, Anderson C, Bu S, et al. Development and piloting of a decision aid for women
considering participation in the Sentinel Node Biopsy versus Axillary Clearance 2 breast cancer trial. Clin Trials 2015
Aug;12(4):409-417. [doi: 10.1177/1740774515586404] [Medline: 26033878]

Abbreviations
COREQ: consolidated criteria for reporting qualitative research
DA: decision aid
IPDAS: International Patient Decision Aid Standards
NCT: National Center of Tumor Diseases
OADRI: Ottawa Acceptability of Decision Rules Instrument
PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-analysis Extension for Scoping
Reviews
QQPPI: Questionnaire on the Quality of Physician-Patient Interaction
SDM: shared decision making

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e24954 | p.326https://www.researchprotocols.org/2021/9/e24954
(page number not for citation purposes)

Laryionava et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1002/1098-240x(200008)23:4<334::aid-nur9>3.0.co;2-g
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10940958&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18352969&dopt=Abstract
http://dx.doi.org/10.1002/nur.21743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27434172&dopt=Abstract
http://dx.doi.org/10.1177/1525822x05279903
http://dx.doi.org/10.1109/47.867942
http://dx.doi.org/10.1177/0272989X9501500105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7898294&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2005.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15970420&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2009.09.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19879711&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9505581&dopt=Abstract
https://docplayer.org/53145847-Der-fragebogen-zur-arzt-patient-interaktion-fapi-validierung-und-psychometrische-optimierung-anhand-einer-stichprobe-chronischer-schmerzpatienten.html
http://dx.doi.org/10.1159/000435900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26278579&dopt=Abstract
http://europepmc.org/abstract/MED/21479777
http://dx.doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21479777&dopt=Abstract
http://dx.doi.org/10.1093/jnci/85.5.365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8433390&dopt=Abstract
http://dx.doi.org/10.1016/j.thromres.2017.09.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29080550&dopt=Abstract
http://dx.doi.org/10.1177/0272989X09344747
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20042533&dopt=Abstract
http://dx.doi.org/10.1177/1740774515586404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26033878&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 16.11.20; peer-reviewed by A Hoffman, G Myreteg, S Hommes; comments to author 03.02.21;
revised version received 18.06.21; accepted 05.07.21; published 17.09.21.

Please cite as:
Laryionava K, Schildmann J, Wensing M, Wedding U, Surmann B, Woydack L, Krug K, Winkler E
Development and Evaluation of a Decision Aid to Support Patients’Participatory Decision-Making for Tumor-Specific and Palliative
Therapy for Advanced Cancer: Protocol for a Pre-Post Study
JMIR Res Protoc 2021;10(9):e24954
URL: https://www.researchprotocols.org/2021/9/e24954 
doi:10.2196/24954
PMID:34533464

©Katsiaryna Laryionava, Jan Schildmann, Michael Wensing, Ullrich Wedding, Bastian Surmann, Lena Woydack, Katja Krug,
Eva Winkler. Originally published in JMIR Research Protocols (https://www.researchprotocols.org), 17.09.2021. 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. 9 |e24954 | p.327https://www.researchprotocols.org/2021/9/e24954
(page number not for citation purposes)

Laryionava et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2021/9/e24954
http://dx.doi.org/10.2196/24954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34533464&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Exploring Associations of Housing, Relocation, and Active and
Healthy Aging in Sweden: Protocol for a Prospective Longitudinal
Mixed Methods Study

Magnus Zingmark1*, PhD; Jonas Björk2, PhD; Marianne Granbom1, PhD; Giedre Gefenaite1, PhD; Frida Nordeström1,

MSc; Steven M Schmidt1, PhD; Taina Rantanen3, PhD; Björn Slaug1, PhD; Susanne Iwarsson1*, PhD
1Department of Health Sciences, Lund University, Lund, Sweden
2Division of Occupational and Environmental Medicine, Lund University, Lund, Sweden
3Faculty of Sport and Health Sciences, Gerontology Research Centre, University of Jyvaskyla, Jyvaskyla, Finland
*these authors contributed equally

Corresponding Author:
Susanne Iwarsson, PhD
Department of Health Sciences
Lund University
Margaretavägen 1B
PO Box 157
Lund, 222 40
Sweden
Phone: 46 462221940
Email: susanne.iwarsson@med.lu.se

Abstract

Background: While housing and neighborhood features have the potential to impact opportunities for active aging, there is a
lack of knowledge related to how older people reason regarding their housing situation and how housing and fulfillment of
relocation are associated with active and healthy aging.

Objective: The objectives of Prospective RELOC-AGE are to study housing choices and relocation and explore effects on
active and healthy aging among men and women aged 55 years and older in Sweden considering relocation.

Methods: The estimated sample (2800) will include people aged 55 years and older being listed for relocation at either of two
housing companies: a local public housing company in Southern Sweden and a national condominium provider. Prospective
RELOC-AGE has a 2-level longitudinal mixed methods design and includes quantitative surveys (implemented by a professional
survey company) and a telephone interview for baseline data collection in 2021, with follow-ups with the same procedures in
2022 and 2023. The survey and interviews include questions related to present housing and neighborhood, relocation plans and
expectations, a range of perspectives on active and healthy aging, and demographics. Linking to national registers will provide
additional data on home help and health care use, objective housing, and neighborhood characteristics. To explore what housing
attributes older adults considering relocation find important and to what extent when making their decisions on housing, we will
develop a discrete choice experiment to be implemented with a subsample of participants. Further, a grounded theory approach
will be applied to collect in-depth interview data from participants who have moved to another dwelling, within 6 months of the
move. A follow-up interview 12 months later will focus on participants’ deepened experience over time in terms of fulfilled
expectations and relocation experiences.

Results: As of submission of this protocol (June 2021), recruitment has commenced with approximately 960 respondents to
the survey and ongoing telephone interviews. We anticipate recruitment and data collection based on surveys and interviews to
continue during 2021.

Conclusions: Prospective RELOC-AGE has the capacity to generate new policy-relevant knowledge on associations of housing,
relocation, and active and healthy aging. Such knowledge is relevant for the development of proactive approaches to housing in
old age on the individual, group, and societal levels.

Trial Registration: ClinicalTrials.gov NCT04765696; https://clinicaltrials.gov/ct2/show/NCT04765696

International Registered Report Identifier (IRRID): DERR1-10.2196/31137
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Introduction

Background
Previous research on housing and aging has mainly concerned
frail older adults and their needs for residential care toward the
end of life. According to the public debate, older people in
general are interested in housing options that support active and
healthy aging. However, comprehensive studies on housing
options in later life incorporating health and social factors as
well as factors related to the built environment and housing are
lacking [1], and little is known about when and how people start
to reflect and act upon housing choices and relocation as they
age. Further, there is a lack of knowledge about how housing
and relocation are related to active and healthy aging.

The body of recent literature on housing choices and relocation
is limited, with interest for moves to special forms of housing
at the core [2]. When comparing people remaining in ordinary
housing with those moving to supported living in the format of
retirement villages, those who did not move were initially better
off, but after 3 months the difference decreased due to
improvement among the movers, mostly in depression and
self-rated health [3]. Somewhat in contrast, a British panel study
showed that moving to residential housing was associated with
higher mortality in the next 12 months among people aged 65
years and older, especially among men [4]. A study from
Australia showed that reasons to move reflect the urge to
maintain independence, stay in control, and avoid loneliness,
and control over relocation decisions and being proactive
contribute to positive adjustment [5].

There is ample evidence that housing is associated with health
outcomes as people age, with some support for causal effects
between housing and disability-related outcomes [6-9]. As an
example, the association between housing accessibility and
independence in activities of daily living seems to be mediated
by external housing-related control beliefs in younger old [8].
Additional findings point to potentially different role of external
housing-related control beliefs in different population groups,
such as the very old people [7] or people aging with Parkinson
disease [9], calling for further research in this area.

There are also qualitative studies showing that the home
environment is important for activity and participation in very
old age [10]. Noteworthy, perceived aspects of home are related
to health already at age 67 to 70 years [11] with retirement
stimulating active reflections regarding housing choices and
relocation [12]. There are examples of quantitative
cross-national studies of scale targeting neighborhoods and
aging [13], but there is no population-level research with
detailed data on objective and perceived aspects of housing as
related to active and healthy aging.

Relocation has been described as a process negotiated over time
[14] until turning points emerge [15]. Residential reasoning (eg,

whether to move or not and how to arrange one’s housing
situation) is a complex and ambivalent matter [16]. Changes in
such reasoning relate to the way people strive to build upon or
dismiss attachment to place and their attempts to maintain or
regain residential normalcy during years of declining health
[17]. Relating to such findings, different factors predict
relocation to ordinary housing and residential care [17,18]. A
study in the United States involving more than 7000 people
aged 65 years and older [18] revealed that over a 4-year period,
8% moved within ordinary housing and 4% moved to residential
care. Very old people who relocate do move to dwellings with
fewer environmental barriers, but because of increasing
functional limitations over time, housing accessibility problems
persist [19]. Exemplifying complex dynamics of importance
for housing choices and relocation in later life, very old people
living in housing with more accessibility problems rate
perceived meaning of home as worse and are more dependent
on external control to manage their situation compared with
younger older adults [20].

Active Aging
Active aging is a policy goal referring to “the process of
optimizing opportunities for health and participation in the
society for all people in line with their needs, goals, and
capacities as they age” [21]. Initiatives to promote active aging
can be seen from a societal perspective in terms of providing
accessible environments including transportation and housing
or from a service provider perspective, for example, in terms
of health-promoting interventions. In addition to the potential
benefits on health, participation, and quality of life, the goal to
promote active aging holds the potential to mitigate an expected
increase in health and social care expenditures related to the
increasingly larger proportion of older adults in the population.

Active aging can also be seen from an individual perspective
in terms of strategies and behaviors that the individual can adopt
to optimize their opportunities for participation and health. On
the individual level, active aging has been described as striving
for well-being through activity as per one’s goals, opportunities,
and abilities [22]. One central, contextual facet of active aging
is therefore housing and services that are tailored to address
age-friendly housing and relocation and to support independent
living [23]. However, in research on housing choices and
relocation among older people, active aging has not been used
as a core perspective or as an outcome to evaluate the long-term
impact of housing and relocation. To inform the design of
policies and societal support related to housing, knowledge is
needed about how housing and relocation are associated with
active aging and health outcomes.

Study Objective and Research Questions
Nurtured by the hypothesis that housing choices and relocation
influence opportunities for active and healthy aging, the
objectives of Prospective RELOC-AGE are to study housing
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choices and relocation and explore effects on active and healthy
aging among people aged 55 years and older in Sweden who
are considering relocation. The specific research questions are:

• How do housing aspects and relocations affect future
activity and health outcomes?

• What aspects of housing and health may explain or predict
(1) relocation to different housing options in the ordinary
housing stock, (2) relocation to residential care facilities,
and (3) remaining in the present dwelling?

• What is the interaction between objective and perceived
aspects of housing and social aspects associated with active
and healthy aging, and what are the characteristics and
trajectories of such dynamics?

• What housing attributes do older adults considering
relocation find important and to what extent when making
their decisions on housing preferences?

• How do older adults considering relocation decide regarding
(1) different housing options and (2) motives for considering
and effectuating relocation, and (3) to what extent are their
motives fulfilled?

• How are the questions above affected by age, sex, civil
status, country of origin, functioning, adverse health events,
loss of a partner, and socioeconomic and neighborhood
characteristics?

Methods

The overall RELOC-AGE project comprises 3 parts: a
population-based register study, a prospective mixed methods
longitudinal study, and an intervention study. This paper is the
study protocol for the prospective study.

Study Design
Prospective RELOC-AGE has a 2-level longitudinal mixed
methods design (Figure 1). Level 1 includes quantitative online
surveys and a telephone interview for a baseline data collection
in 2021 with follow-ups with the same procedures to be
conducted in 2022 and 2023. To decrease participant burden,
linking to registers will provide additional data. For level 2, we
will retrieve relocation dates from collaborating housing
companies or the Swedish Taxation Authority every third month
to identify survey participants who have relocated to another
dwelling (any type or form). They will be asked to participate
in additional quantitative and qualitative data collection at home
visits in their new dwelling or by telephone interview no later
than 6 months after the move. User involvement is a significant
component [24,25] engaging older adults and representatives
from housing companies throughout the research process. The
study was registered at ClinicalTrials.gov [NCT04765696] [26].

Figure 1. Overview of study design and time plan for data collection in Prospective RELOC-AGE.

Population and Setting
In order to capture dynamics related to housing choices,
relocation, and active and healthy aging from an early stage of
the aging process, age 55 years or older with a postal address
in Sweden serve as inclusion criteria. Targeting people actively
considering relocation, additional inclusion criteria are being
voluntarily and actively listed based on interest for moving to
a dwelling provided by either of 2 housing companies, selected
based on established research collaboration. Severe cognitive
impairments or insufficient language skills to give informed
consent or participate in telephone interviews are exclusion
criteria.

The housing companies represent a local public housing
company (LPH) in Southern Sweden and a national

condominium provider (NCP). In this way, a diversity of types
of housing typically attracting people from different
socioeconomic groups is represented. More specifically, the
LPH provides common apartments as well as apartments
designated for senior citizens. In February 2021, 1680
individuals aged 55 years and older were on the LPH waiting
list. As condominiums are sold on the open market, NCP has
priority and interest lists for new establishments of which some
are designated for senior citizens. In February 2021, the NCP
had approximately 22,000 individuals aged 55 years and older
on their priority list and 33,000 on their interest list.

Based on the explorative overall objective and mixed methods
design, the recruitment strives for inclusion of information-rich
participants rather than representativity. The annual incidence
of moves in the population aged 60 to 84 years is 4% to 5%
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[27]. Even if our sample will be younger, as we target a
population actively considering relocation, we estimate a 50%
higher relocation incidence. Thus, we will be able to study
associations hitherto not addressed at scale in a population of
older adults actively considering housing choices. Survey
participants will fall into 5 categories to be compared with
respect to health trajectories in the quasi-experimental design:
still queuing for senior housing, moved to a regular dwelling
in the ordinary housing stock, moved to needs-assessed
residential care, received an offer in senior housing and moved,
or deceased. The targeted sample size for the survey is 2800,
which will be sufficient for the planned types of analyses. As
an example, we have 90% statistical power (5% significance
level) to detect if a certain lifestyle exposure, activity, or
mobility pattern that is present among 20% of the participants
increases the risk with 50% (risk ratio 1.5; 15% vs 10%) for
multimorbidity during follow-up.

Recruitment
Following the housing companies’ procedures to ensure that
data were handled according to General Data Protection
Regulations and based on written agreements between them
and the research group, contact information for persons on their
lists were either delivered to the university or provided directly
by interested individuals via an online portal setup by the
researchers. The recruitment process will be closely monitored
and additional LPH companies will be approached to increase
the recruitment base if necessary to reach the targeted sample
size.

A stepwise recruitment procedure will include all eligible
individuals from the LPH and randomly selected individuals
from the NCP. A professional support organization for clinical
and epidemiological research (Clinical Studies Sweden Forum
South) with longstanding expertise on conducting surveys for
research and handling data will implement the data collection.

An invitation letter will be sent by postal mail to the potential
participants. The letter includes a description of the project, the
methods for data collection, and how data will be handled and
stored according to existing regulations. The information stresses
that participation is voluntary and participants can decline
participation at any time without consequences to their rights
and access to be offered a dwelling offer or any societal services.
The invitation letter includes information about alternative
modes of answering the survey: a web-based survey to be
accessed through the project website [28] with a
participant-specific username and password provided in the
invitation letter or a paper version of the survey to be sent to
participants upon request.

Ethics
Following the principles of the Helsinki Declaration and current
national legislation and policies on ethics for research involving
humans, Prospective RELOC-AGE was approved by the
Swedish Ethical Review Authority (No. 2020-03457).

Procedure

Survey Data Collection Procedures and User
Involvement
The survey data collection includes a range of established
instruments for studies on aging and housing and a
study-specific discrete choice questionnaire aimed at exploring
stated preferences on housing.

Nonacademic partner representatives and senior citizen
representatives were engaged throughout the development of
the data collection procedures. All data collection forms were
piloted to optimize readability and the logic flow of questions
and to minimize respondent burden. Such piloting was
implemented in a stepwise manner and typically included 5 to
10 user representatives instructed to use different types of digital
devices to respond to the online survey. Comments and
suggestions for optimization were considered in the finalization
of the data collection formats.

Most of the survey will be administered as a questionnaire, to
be completed online or on paper. Due to the complex nature of
the questions included, the University of Jyvaskyla Active Aging
Scale, Meaning of Home, and External Housing-Related Control
Beliefs Questionnaire will be administered during a telephone
interview with participants who agree to this additional data
collection.

Present Dwelling

Questions about the respondents’present dwelling include type
of dwelling (eg, apartment or house); whether the respondent
owns their dwelling; if the entrance floor includes bathroom,
bedroom, kitchen, place for dining, living room, hall, room for
storage, and opportunities to wash and dry clothes (yes/no for
each); number of rooms and rooms with opportunities to bath
or shower; if there are stairs, ramp, or elevator at the entrance
(yes/no); access to garden, balcony, or terrace (yes/no); if the
dwelling is situated in an urban or rural area; the number of
people living in the dwelling; cohabitants (eg, partner, children);
year moved to present dwelling; and time per day spent out of
the home.

Perceived Aspects of Housing and Neighborhood

Based on a model of perceived aspects of housing [29], the
survey questionnaire includes 4 instruments with acceptable
psychometric properties when applied in research on aging and
housing.

Usability in the home is evaluated with selected items from the
original Usability In My Home instrument [30,31]. The
respondent rates to what extent they perceive the current
dwelling is designed for managing personal activities of daily
living (eg, bathing, toileting); food preparation; washing,
cleaning, and flower care; and laundry and grooming (scale
ranging from 1 to 5; higher = more usable).

Housing satisfaction [29] is evaluated with the question “Are
you satisfied with your dwelling?” (scale ranging from 1 to 5;
higher = more satisfied).

Meaning of home is evaluated with the Meaning of Home
Questionnaire [29]. The concept is rooted in “What makes the
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house a home?” and focuses on the relationship between the
sociophysical setting of the home and subjective evaluations,
values, emotions, and goals. The questionnaire has a set of
statements divided in 4 domains (physical, behavioral,
cognitive/emotional, and social) rated on a scale from 0 to 10
how well they fit their own thinking (higher = more agreement).
The instrument has adequate psychometric properties for use
with adults aged 67 to 70 years in Sweden [32].

External Housing-Related Control Beliefs Questionnaire (HCQ)
is evaluated with 16 items from the original HCQ questionnaire
[33]. External control in relation to the home means that some
other person, luck, chance, or fate are perceived as explanatory
factors for what happens. For each item, respondents use a scale
from 1 to 5 to rate to what extent they personally agree or
disagree with the statements (higher = more external control).
The external HCQ scale has adequate psychometric properties
for use with adults aged 67 to 70 years in Sweden [32].

Neighborhood and outdoor experiences are evaluated with 2
sets of questions routinely used in regional public health surveys
in Sweden [34]. The first set concerns access to societal services
(eg, grocery shop, child care), cultural activities (eg, cinema,
library), leisure facilities (eg, swimming hall), and public
transportation and exposure to disturbing sounds and air
pollution (yes/no/no opinion). The second set concerns 8
perceived qualities or characteristics of open green urban areas
that can be described as serene, wild, lush, spacious, culture,
the common, the pleasure garden/refuge, and festive [35,36]
and one additional question about access to blue space (eg, lake,
sea, water courses). Participants are asked to score each quality
or characteristic within 5 to 10 minutes’ walking distance from
their dwelling (4-point scale from totally disagree to totally
agree). Five of the perceived items have been validated
previously against objective landscape data [37].

Neighborhood cohesion is evaluated with a perceived
neighborhood social cohesion scale from the National Health
and Aging Trends Study [38] with 3 statements to which the
respondent is asked to rate their level of agreement (not at all,
to some extent, agree). The statements ask if people in their
community know each other well, are willing to help each other,
and can be trusted.

Relocation

A set of study-specific questions is used to capture reasons for
considering relocation, moving expectations, and previous
moving experiences. What were the reasons to apply for being
on a waiting/interest list for another dwelling (several response
alternatives, eg, I do not want or am unable to manage my
present dwelling; I want a dwelling that provides better
opportunities for me to engage in activities I prefer to do)? When
is it likely that you will move (in less than 1 year, 1 to 2 years,
2 years or more)? How likely is it that you have moved within
2 years (on a 5-point scale from 1, completely certain, to 5, not
at all likely)? What kind of dwelling would you like to move
to (eg, rented or owned apartment, house)? To what extent will
a decision to relocate be made by the respondent themself,
together with or by others? Are there hindrances to relocate
within 2 years (eg, economic reasons, poor health)? How many

times have you moved since the age of 18 years? Can housing
adaptations be an option rather than moving?

Active and Healthy Aging

Self-rated health is evaluated with the widely used 1-item
question from the SF-12 scale [39], “In general, would you say
your health is...” (5 response options ranging from poor to
excellent).

Illness, disease, and recent health care use is evaluated with
study-specific questions on whether the respondent has any type
of long-term illness or disease (yes/no), and if so, if that has an
impact on work or daily activities (yes/no); if the respondent
has ever been diagnosed with depression by a medical doctor
(yes, during the previous 12 months, yes, more than 12 months
ago, no); whether the person has been admitted to hospital
(yes/no) or visited an emergency department (yes/no) during
the past 3 months.

Functional limitations are evaluated using 10 items on functional
limitations (rated as present, yes, to some extent, or not present)
adapted from the person component of the Housing Enabler
instrument [40].

Mobility questions related to opportunities for mobility were
developed after consultation with a researcher specializing in
mobility issues involving older adults. Study-specific questions
included whether the respondent has a driver’s license (yes/no),
access to a car (yes/no), the potential and realized use of (can
you... and do you ... respectively): walk, bike,
moped/motorcycle, car, train, bus, transportation service,
subway/tram, or ferry [41]. Satisfaction with mobility
opportunities is rated on a 5-point scale (from very satisfied to
very dissatisfied).

Physical activity is evaluated with a question from a
well-established public health survey [34] about the total time
per week the respondent is physically active (eg, brisk walking,
gardening; 6 levels ranging from 0 minutes to 5 hours or more
per week). Physical exercise [34] is evaluated with a question
from the same survey about the total time per week the
respondent is engaged with strenuous activities (5 levels ranging
from 0 minutes to 2 hours or more per week).

Use of technical aids is evaluated with 5 study-specific questions
about the use of a cane, crutches or similar, rollator, manual
wheelchair, electric wheelchair, or scooter (no, yes outdoors,
yes indoors).

Life-space mobility is evaluated with the Swedish version [42]
of the Life-Space Assessment [43], which includes 5 levels of
life-space mobility and whether the respondent, during the
previous 4 weeks, has been to any of these locations: indoors
to other rooms than the bedroom, immediate outdoor
surroundings, neighborhood, town, or beyond town. For each
level, the respondent indicates how often (less than once per
week, 1 to 3 times per week, 4 to 6 times per week, every day),
and if they needed a technical aid or assistance. The composite
score ranges from 0 to 120; higher scores indicate greater
life-space mobility.

Active aging is evaluated with the University of Jyvaskyla
Active Aging Scale [22,44]. This instrument contains 17
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self-rated items regarding goals, ability, autonomy, and activity
that capture a single construct reflecting individual active aging
[22] (total score ranges from 0 to 272). The items include
practicing memory, using a computer, advancing matters in
one’s own life, exercising, enjoying the outdoors, taking care
of one’s personal appearance, crafting or DIY, making one’s
home cozy and pleasant, helping others, maintaining friendships,
getting to know new people, balancing personal finances,
making one’s days interesting, practicing artistic hobbies,
participating in events, advancing societal/communal matters,
and doing things in accord with one’s world view [45].

Self-rated health is evaluated with the EQ-5D-5L [46], which
includes the items mobility, washing and dressing, and daily
activities, which are rated on a 5-point scale with higher scores
indicating a worse health status. If the respondent rates at least
moderate difficulty on one or more of these 3 items, the
respondent is also presented questions about frailty below.
Further, the EQ-5D-5L includes items regarding if the
respondent experiences pain/discomfort or anxiety/depression;
both are rated on a 5-point scale with higher scores indicating
a worse health status.

Frailty is evaluated by 4 questions (yes/no) [47]: Have you had
any general fatigue or tiredness over the last 3 months? Do you
fall often, or are you afraid of falling? Do you need assistance
in either getting to the store, managing obstacles to and from
the store, or in choosing, paying for, or bringing home groceries?
Do you get tired when taking a 15- to 20-minute walk outside?

Life satisfaction is evaluated with the 1-item question, “How
satisfied are you with life as a whole?” (6 response options,
from very unsatisfying to very satisfying) [48].

Self-efficacy is evaluated with the general self-efficacy scale
[49], which includes 10 statements (eg, I always manage to
solve problems if I make an effort to do it; In unexpected
situations I always know how to act). For each statement,
respondents state their agreement on a 4-point scale from 1,
completely disagree, to 4, totally agree.

Receiving or providing practical support in daily life is evaluated
with a set of study-specific yes/no questions: Do you receive
practical support in your daily life from a family member? Do
you in your daily life provide practical support for a family

member with health or functional limitations in their daily life?
Do you have a safety alarm? Do you receive home help? Do
you live together with someone who receives home help? Have
you received practical support in or outside your house during
the last 2 months? If yes, was the support from a family member,
neighbor, or friend; municipality handyman; home help; or a
private company?

Life events are evaluated with study-specific questions about
experiencing major life events during the previous 3 years
(yes/no): death of a spouse/partner, own disease,
disease/disability of a spouse/partner, disease/disability of other
close person, divorce/separation, became grandparent, got
married/registered partnership, reduced time working/or retiring,
begun to work, or driving cessation.

Demographics

Demographic questions include civil status, Swedish origin (if
not, age when coming to Sweden), gender, educational, current
occupation, and economic situation.

Stated Preferences on Housing

To explore stated preferences and the importance of various
housing attributes when considering relocation, we will conduct
a discrete choice experiment (DCE) [50]. A DCE is a
quantitative technique for eliciting individual, stated preferences,
in this study in relation to housing. Stated preferences have been
used to examine housing decisions [51] among tenants in general
[52] but not in aging research. A key feature of a DCE is to
identify attributes based on existing literature and expert or user
consultations. We will develop the DCE using an iterative
process including a review of literature, expert consultations,
and user involvement. Potential attributes include location,
accessibility, costs, distance to bus stops, and services in the
local neighborhood [53]. In a DCE, respondents are presented
different hypothetical alternatives where the degree to which
important attributes are present varies, followed by responses
regarding how different alternatives are valued in relation to
each other. The DCE included in Prospective RELOC-AGE is
under development and will be presented in a forthcoming
publication.

Table 1 provides an overview of instruments and study-specific
questions.
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Table 1. Overview of instruments and study-specific questions used in the survey study.

2 years1 yearBaselineSourceQuestion/instrument

Housing and relocation

✓✓✓Study-specificPresent dwelling

✓✓✓[30,31]Usability in the home

✓✓✓[29]Housing satisfaction

✓✓✓[29,32]Meaning of home

✓✓✓[32,33]Housing-related control beliefs

✓✓✓[38]Neighborhood cohesion

✓✓✓[35,36]Neighborhood and outdoor experiences

✓✓✓Study-specificReasoning around relocation

✓✓✓Study-specificMoving expectations

✓✓✓Study-specificRelocation experiences

Active and healthy aging

✓✓✓[39]Self-rated health

✓✓✓Study-specificIllness, disease, recent health care use

✓✓✓[40]Functional limitations

✓✓✓[34]Physical exercise

✓✓✓Selected questions from public health
survey [34]

Physical activity

✓✓✓Study-specificUse of technical aids

✓✓✓[42,43]Life-space mobility

✓✓✓[22]Active aging

✓✓✓[46]Self-rated health

✓✓✓[47]Frailty

✓✓✓[48]Life satisfaction

✓✓✓[49]Self-efficacy

✓✓✓Study-specificCaregiving

✓✓✓Study-specific modified from [41]Mobility

✓✓✓Study-specificLife events

Demographics

✓✓✓Study-specificCurrent occupation

✓✓✓[34]Economic situation

Stated preferences on housing

——a✓Study-specificDiscrete choice experiment

aNot applicable.

Postrelocation In-Depth or Semistructured Interviews
Over time, survey participants who have moved to another
dwelling (any type/form) will be asked to participate in an
in-depth interview no later than 6 months after the move. Using
a grounded theory approach [54,55], we will develop an
interview guide focusing on the relocation experience.
Performing data collection and analysis in parallel to determine
the need for additional sampling, based on the principle of
saturation [56] the sample size is not predetermined. Trained

research staff will collect data at home visits or online,
depending on what is feasible at the time for the data collection.
Approximately 12 months after the first in-depth interview, a
subsample of typical cases (estimated at 25) will be selected
based on the initial in-depth interview. The follow-up interview
will deepen the knowledge about the relocation experience
fulfillment of expectations over time.

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e31137 | p.334https://www.researchprotocols.org/2021/9/e31137
(page number not for citation purposes)

Zingmark et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Complementary Data by Linking to National Registers
In order to decrease participant burden and bias related to
self-reporting, we will use complementary health and housing
data for each time point in the data collection requested for the
Register RELOC-AGE Study. These data are made available
through Statistics Sweden (eg, the Total Population Register),
the National Board of Health and Welfare (eg, National Patient
Register), the Municipal Health Care Register, the Real Estate
Property Register, and the Apartment Register. Data accessed
from registers will concern objective housing data (eg, dwelling
unit size), individual- and neighborhood-level demographic and
socioeconomic indicators, health care and home help service
use as well as causes of death.

Data Analysis Plan
For quantitative data collected by surveys and phone interviews,
we will apply exploratory and inferential statistical methods.
For longitudinal analyses, we will use regression techniques
including generalized linear models or Cox regression with
time-dependent covariates. We will investigate how different
personal and neighborhood-level characteristics affect the
associations of interest by exploring mediation and moderation
effects, as well as use different techniques to address
confounding.

For analyses of data from the discrete choice experiment, we
will use the conditional multinomial logit model as the reference
model, but the analysis will be extended to mixed logit and
latent class models to take into account preference heterogeneity
[57]. The 2 latter models take into account the panel structure
of the data and are a standard extension of the analysis [58,59].

In-depth interviews will be audiorecorded and transcribed,
followed by analyses guided by principles from grounded theory
[55] aided by the NVivo (QSR International) software.

Results

As of submission of this protocol (June 2021), recruitment has
commenced with approximately 960 respondents to the survey
and telephone interviews ongoing. We anticipate recruitment
and data collection based on surveys and interviews to continue
during 2021.

Discussion

Summary
Prospective RELOC-AGE will provide new knowledge about
whether and how housing choices and relocation have an impact
on active and healthy aging among people aged 55 years and
older in Sweden who are considering relocation. Following a
large sample of information-rich individuals over time including
a 2-level data collection in a mixed methods design, the results
will add knowledge about associations between housing choices,
perceived and objective aspects of housing and neighborhood,
a range of socioeconomic factors, health, and active aging.
Further, based on the explorative mixed methods approach, the
project will contribute to a better understanding of factors that
may explain or predict relocation or remaining in the present
dwelling.

In housing-related aging research, the concept of aging-in-place
is prominent but insufficiently problematized and currently
geared toward health care, social services, and residential care
needs [60]. The underlying premises are that the vast majority
of older adults prefer to age in place [61], and it is less costly
to provide care at home than in institutions [62]. Current
research has a strong focus on people aging into disability and
frailty with increasing needs for special forms of housing,
tailored home modifications, or other reactive solutions at the
core. The prevailing definition does not relate to proactive public
health ambitions and strategies to support active and healthy
aging. Results of cross-national research on aging and housing
show that aging-in-place is far from applicable to all senior
citizens [63]. In the light of such results as well as policies
emphasizing the diverse needs of the heterogeneous aging
population [64], the static and generalized notion of
aging-in-place is facing a dead end. Integrating active and
healthy aging with housing and relocation, RELOC-AGE
challenges aging-in-place and the prevailing paradigm in this
research field and will produce new knowledge for research as
well as practice and policy.

As to the association between housing and health, previous
research has mainly been focused on very old people (eg,
qualitative studies showing that the home environment is
important for activity and participation in very old age) [10].
However, as shown by Kylén et al [11], perceived aspects of
home are related to health already at ages 67 to 70 years. In line
with previous findings showing that processes close to the
retirement age seem to stimulate active reflections regarding
housing choices and relocation [12], the RELOC-AGE project
is designed to capture such processes including a relatively
young cohort that will be followed over time. An essential aspect
of active aging is the opportunity and ability to engage in
prioritized activities [22]. As such, housing and the
neighborhood provide a starting point for engagement in such
activities. At retirement age, people plan for self-realization,
and thus have housing preferences different from those at more
advanced ages, where compromised functional capacity and
frailty may influence where people wish to live.

In Prospective RELOC-AGE, housing is not limited to the
dwelling itself but refers to the location of the dwelling as well,
thus including neighborhood features. The research field of
natural outdoor environments and health has grown in the past
decades [65], contributing to a better understanding about the
existing links. In a cross-sectional study, serenity, wilderness,
species richness, spaciousness, and cultural history were
associated with neighborhood satisfaction, physical activity,
and general health [66,67]. Moreover, perceived safety was
shown to be a prerequisite for the association between the
outdoor qualities and physical activity [68], confirming that the
pathways between features in the outdoor environment and
health outcomes are complex. While barriers to outdoor mobility
located close to the home have been found to be associated with
lower physical activity among older adults, barriers further away
from home were not [69]. In addition, attractive destinations
for outdoor mobility located at least 500 meters away from
home were correlated with higher physical activity. While
features in the neighborhood as well as in the dwelling provide
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opportunities or hindrances for engagement in activities that
relate to a person’s goals, the association to active aging remains
to be explored. Complementing existing research in this field,
Prospective RELOC-AGE will shed new light on whether and
how housing and relocation impact on active and healthy aging.

The longitudinal approach of Prospective RELOC-AGE in
combination with Register RELOC-AGE will provide data that
can be used to build causal evidence when it comes to housing
and health associations. Self-reported and registry-based data
on housing, demographics, and individual facets of active and
healthy aging will enable us to explore potential mechanisms
of how housing could support active and healthy aging. Such
knowledge is essential to develop evidence-based future housing
practices and policies in Sweden as well as abroad.

Previous intervention research related to housing issues typically
has targeted home modifications, indicating that individual
strategies promote participation among people with health
conditions [70]. However, to the best of our knowledge,
evidence-based interventions with a health promotion approach
targeting housing matters before people are frail and need
residential care do not exist. Parallel to Prospective
RELOC-AGE and drawing on the knowledge gained, a
web-based housing counseling intervention will be finalized
and piloted (Intervention RELOC-AGE). The Aging in the Right
Place was developed by using research circles [24] involving
senior citizens, technology experts, and nonacademic partners.
The existing prototype includes 3 modules: THINK, LEARN,
and ACT, reflecting different stages of the decision-making
process related to housing choices and relocation [71]. The
knowledge gained from Prospective RELOC-AGE will
contribute to further development and the finalization of the
Aging in the Right Place intervention, which will subsequently
be piloted and evaluated in municipality contexts in Sweden.

Limitations and Strengths
Currently, Prospective RELOC-AGE is limited to a follow-up
period of 2 years, which, given the complex associations
between housing and relocation and active and healthy aging,
could be considered too short. However, the planned follow-up
period at this stage is determined based on available funding
and will be extended as soon as additional funding has been
secured. Thus, the ambition is to establish a solid structure for
long-term follow-up, which is required to produce valid results
responding to the ambitious research questions.

The 2-level mixed methods design could be seen as a strength
as well as a limitation [72]. For example, given the exploratory
design, the survey sample will not be representative for the age
55 years and older population in Sweden. The main reason for
this is that we want to recruit a sample of information-rich
individuals who are actively considering relocation. In Sweden,
relocation rates in old age are in general quite low, which
implies that in a representative sample of people as young as
55 years, very few could be considering relocation and even
fewer actually realizing a move during the period of study. One
way to ascertain that the sample includes diversity in terms of
socioeconomic characteristics is to recruit participants via an
LPH company as well as an NCP. Moreover, the sample will
be geographically dispersed across the entire country. Being
the first study of its kind, nationally as well as internationally,
we consider the 2-level mixed methods design and sampling
strategy promising and appropriate to expand the knowledge
base on housing, relocation, and active and healthy aging even
though results will not be generalizable to the whole population
of older people [73]. However, we still anticipate that the
longitudinal approach of Prospective RELOC-AGE has potential
to yield results regarding housing and health associations that
have high internal validity, but it is important that the risk of
selection bias jeopardizing validity is assessed for each
investigated association separately [74].

The data collection for Prospective RELOC-AGE is being
implemented during a period when the COVID-19 pandemic
is still affecting people of all ages as well as the society overall.
How and to what extent the current situation will influence the
data collected will be considered in the analyses and
interpretation of results, as well as in the planning of subsequent
follow-ups.

Conclusion
Building upon well-established cooperation with nonacademic
partners, this large and complex project has the capacity to
generate new knowledge and policy-relevant results. The 2-level
mixed methods design is novel and challenging, using a
combination of quantitative and qualitative data collection
methods that will generate data on hitherto understudied
associations between housing and active and healthy aging.
Such knowledge is relevant for the development of proactive
approaches to housing in old age on the individual, group, and
societal levels.
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Abstract

Background: With the graying of sexual and gender minority communities and the growing number of people aged ≥50 years
living with HIV, it is increasingly important to understand resilience in the context of the psychosocial aspects of aging and aging
well.

Objective: This paper aims to describe the methods and sample for the Understanding Patterns of Healthy Aging Among Men
Who Have Sex With Men study.

Methods: This observational cohort study was conducted within the Multisite AIDS Cohort Study (MACS) and was designed
to explore resiliencies to explain patterns of health and illness among middle-aged and older sexual minority men. To be eligible,
a participant had to be an active participant in the MACS, be at least 40 years of age as of April 1, 2016, and report any sex with
another man since enrollment in the MACS.

Results: Eligible participants (N=1318) completed six biannual surveys between April 2016 and April 2019. The mean age of
the sample was 59.6 years (range 40-91 years). The sample was mostly White, educated, gay-identified, and included both
HIV-positive (656/1318, 49.77%) and HIV-negative (662/1318, 50.23%) men.

Conclusions: Understanding resiliencies in aging is a critical springboard for the development of more holistic public health
theories and interventions that support healthy aging among older sexual minority men.

International Registered Report Identifier (IRRID): RR1-10.2196/25750

(JMIR Res Protoc 2021;10(9):e25750)   doi:10.2196/25750
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Introduction

Background
Although difficult to accurately measure, it is estimated that
there are currently 1.75 to 2.4 million sexual minorities (eg,
lesbian, gay, and bisexual) in the United States who are aged
≥50 years; by 2030, it is estimated that there will be over 5
million sexual minorities [1]. Across the life course, many sexual
minority men (SMM; including gay, bisexual, and other men
who have sex with men) experience health disparities related
to experienced stigma and discrimination, including increased
depression or anxiety and substance use [2-7]. These disparities
are often compounded by intersecting identities (eg, race or
ethnicity and advanced age). The interactions of HIV (including
long-term treatment, HIV infection, and HIV-associated
non-AIDS conditions), health disparities, and aging—nearly
half of persons living with HIV are aged ≥50 years, a majority
of whom are SMM [8]—contribute to complex health conditions
that create challenges to care and well-being [9,10].

The synergistic interplay of multiple psychosocial conditions
that result in disparities in disease burden has been defined as
a syndemic (ie, two or more conditions that interact
synergistically to create excess disease burden) [11-15]. In a
probability sample of urban SMM, Stall et al [15] were the first
to show that a syndemic interplay of psychosocial health
conditions (ie, depression, substance abuse, childhood sexual
abuse, and violence victimization) was associated with HIV
behavioral risk-taking and HIV infection among SMM. These
initial findings have been replicated with many other
independent samples of SMM in the United States and abroad
and have been a bedrock in deficit-based theory and practice
[16-28].

Resiliencies: A New Approach
Despite these health disparities and exposure to stigma and
discrimination, many SMM have managed to survive and thrive
in the face of adversity. This study builds on the work of
Fredriksen-Goldsen, Emlet, and others who have identified
resiliencies in this population [29-32].

Theoretical definitions of resiliency focus on strengths in the
face of adversity, suggesting that resilience is an ever-changing
interaction of internal and external exposures to risk and
protective factors and an individual’s adaptation to or recovery
from adversity, rather than an innate or static trait [33-37].
Protective factors (ie, assets and resources) in the face of
adversity are the foundation for the production of multiple
resiliencies that men can draw upon to support health. Two
primary resiliency models describing different pathways
between protective factors and positive adaptation [33,36,38]
have been identified. These are (1) the compensatory (main
effects) model, in which the presence of resiliency factors has
a direct positive effect on health outcomes, and (2) the protective
(interaction) model, in which individual and environmental
resiliency factors moderate the relationship between risks and
health outcomes.

The development and expression of resiliencies in midlife SMM
is still largely unknown. This study is designed to explore

multiple factors that may work individually or in combination
to act as protective factors that may be associated with better
mental and physical health outcomes and moderate effects of
syndemic psychosocial conditions on HIV-related health. Our
expectation is that this sets the stage for a series of manuscripts
that use these data to characterize resiliencies among SMM and
may demonstrate protective effects on health.

Current risk-focused theoretical models, such as syndemics,
have been unable to fully capture the complexities that underlie
health disparities that burden SMM over the life course,
including resiliencies that buffer or interact with the stressors
that drive these disparities [39]. In creating a theoretical model
inclusive of both risk and resilience, we may be able to identify
pathways for innovative and practical methods for intervention,
complementing the minimization of risk factors while
strengthening health-promoting factors.

The study of resiliencies is relatively new to aging SMM health
research; therefore, a community-engaged process was used to
identify domains of focus [39]. Briefly, in 2011, members of
the SMM community, researchers, providers, and other experts
in sexual minority health were invited to a symposium to discuss
how resiliencies might inform HIV prevention interventions.
This group identified more than 200 SMM-specific resiliencies
that were qualitatively collapsed and categorized. The
symposium organizers then reviewed and amended these
resiliencies with other theoretically important factors with a
focus on identifying modifiable factors to create a list of factors
that might be incorporated into future research efforts. The final
list included resiliencies that operate at the level of the individual
(eg, managing internalized homophobia and shame,
self-monitoring and goal setting, adaptability, and coping),
relationship building (eg, ability to form relationships and dyadic
support), familial support (eg, building strong relationships with
one’s family of origin and creating a family of one’s own), and
structural and community support (eg, connection to community,
institutional support, community building, homophobia
management, and external monitoring) [39].

Study Objectives
This paper describes the methods for and characterizes the
sample of an observational cohort study designed to explore
the production of resiliencies and to explain patterns of health
and illness in aging among middle-aged and older HIV-positive
and HIV-negative SMM. The overarching goals of the National
Institutes of Health funded grant were to (1) identify individual
interpersonal and structural resiliencies and evaluate their
psychometric properties and determine their prevalence among
middle-aged and aging SMM with and without HIV over time
and (2) to investigate whether these resiliencies
impact—separately and jointly—health and wellness outcomes,
including virologic and immunologic control, depression, frailty,
chronic disease (eg, diabetes and hypertension) management,
and physical and cognitive functioning by mitigating the effect
of psychosocial and behavioral vulnerabilities (eg, substance
and alcohol use, partner violence, internalized homophobia, and
social discrimination).
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Methods

Study Design and Setting
This study, Understanding Patterns of Healthy Aging Among
Men Who Have Sex With Men (“Healthy Aging Study,” NIMHD,
R01M010680, principal investigator: RS, MRF, and MWP), is
an observational cohort study conducted within the ongoing
Multisite AIDS Cohort Study (MACS).

The Multicenter AIDS Cohort Study

Overview
The MACS started enrollment in 1984 with sites located in
Baltimore/Washington DC, Chicago, Pittsburgh, and Los
Angeles [40]. In 1987, investigators from the Department of
Epidemiology of the Johns Hopkins Bloomberg School of Public
Health established the Center for Coordination, Analysis, and
Management of the Multicenter AIDS Cohort Study
(CAMACS). A total of 7352 men who had sex with men were
enrolled in the MACS. In this prospective cohort study,
HIV-positive and HIV-negative men were followed up every 6
months with interviews, physical examinations, cognitive
testing, and phlebotomy. As one of the longest HIV cohort
studies in the United States, the MACS has been able to provide
a wealth of longitudinal biological and behavioral data on HIV
risk prevention, seroconversion, disease progression or
treatment, and quality of life. These factors made the MACS
an ideal study to embed this study. More information can be
found on the web [41].

Coordinating Center
The Healthy Aging Study Coordinating Center was a
collaboration between the University of Pittsburgh School of
Public Health and Georgetown University Medical Center.
Working closely with CAMACS, the coordinating center was
responsible for the oversight of the Healthy Aging Study,
including training and working with the local study sites for
participant recruitment and follow-up and data collection, data
monitoring and safety, assuring communication between local
sites, and monitoring the processes of data analysis and
manuscript or conference abstract preparation.

Screening, Recruitment, and Enrollment
To be eligible for inclusion, participants had to (1) be an active
participant in the MACS (attended at least one semiannual visit
in the 2 years before the start of the Heathy Aging Study at
MACS visit 65); (2) be at least 40 years of age at visit 65 (April
1, 2016); and (3) report any sex with another man since
enrollment in the MACS. The initial eligibility list was updated
before each of the subsequent five Healthy Aging Study visits
to remove individuals who died, withdrew from the MACS, or
requested to be removed from future recruitment. Although the
total number of possible participants was set according to the
MACS cohort at visit 65 (eg, no one was able to age into being
eligible), men were able to enroll or choose not to participate
in each of the six study visits.

Local site program staff recruited and enrolled all participants
using the pre-existing MACS computerized-assisted direct
interview (CADI) system. For each potential recruit, CAMACS

first conducted an initial screening using historical MACS data.
These data were used to program the CADI to alert the local
study site staff of an eligible participant during their routine
MACS visit. An initial CADI screen prompted the staff to ask
eligible participants if they were interested in the study. If yes
was entered, the following screen asked if they preferred to fill
out a paper or electronic version of the survey. The same
procedure was used for both in-person and phone visits.
Participants were asked at each study from visit 65 through visit
70.

Data Collection

Healthy Aging Study Surveys
Data collection for this study was completed within the existing
structure of the ongoing MACS (ie, visit 65 of the MACS parent
study was visit 1 for this substudy). This allowed us to decrease
participant burden, as it did not require an additional study visit
beyond MACS participation. Eligible participants were asked
to complete a web-based or paper survey at each MACS visit
between April 2016 and April 2019 for a total of six surveys,
yielding a 3-year longitudinal assessment of both vulnerabilities
and resiliencies. The periods for each visit were as follows:
Healthy Aging Study visit 1-MACS visit 65: April 2,
2016-October 7, 2016; Healthy Aging Study visit 2-MACS visit
66: October 1, 2016-April 8, 2017; Healthy Aging Study visit
3-MACS visit 67: March 31, 2017-October 28, 2017; Healthy
Aging Study visit 4-MACS visit 68: September 26, 2017-March
31, 2018; Healthy Aging Study visit 5-MACS visit 69: March
30, 2018-November 8, 2018; and Healthy Aging Study visit
1-MACS visit 70: October 2, 2018-April 8, 2019. Those who
preferred an electronic survey were given the opportunity to
complete the survey on an electronic tablet during or after their
regular MACS visit or on a computer or personal device before
or after their MACS visit using a link sent via email. Participants
who did not want to complete the survey electronically were
given the paper survey to complete after their MACS visit or
to take home with an addressed stamped envelope for them to
return to the study coordinating center. All surveys were
completed within 1 month of the corresponding study visit.
Paper surveys were sent to the coordinating center for entry into
the study database. The survey was conducted in English and
Spanish.

The coordination center provided a weekly tracking report of
Healthy Aging statistics, including eligibility, enrollment, survey
completion, and pending or outstanding survey completions to
local MACS sites. Sites used these data to follow up with
participants to remind and encourage survey completion using
locally established and approved MACS follow-up procedures
(eg, phone, email, and mail). The coordinating center worked
with individual sites, as necessary, on issues related to
follow-up. All surveys had to be completed within 1 month
before or after the participant’s scheduled MACS visit. Surveys
submitted after this window were censored.

Healthy Aging Study Measures
The surveys included a range of questions and scales to assess
global resilience (Global Resiliency Scale- Resiliency Scale-14
[42]), theorized resiliencies (eg, social bonding using the Social
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Provisions Scale [43] and Relationships structures using the
Experiences in Close Relationship-Resiliency Scale [44]),
psychosocial and behavioral vulnerabilities (eg, loneliness using
the University of California, Los Angeles Loneliness Scale [45]
and alcohol use using the Alcohol Use Disorders Identification
Test-Concise [46]), and socioeconomic descriptors (eg, sexual
or gender identity, income, and employment). We included
well-established validated items (eg, Alcohol Use Disorders
Identification Test-Concise [46] and Global Resiliency
Scale-Resiliency Scale-14 [42]); the study team designed items
to assess more novel concepts for which established instruments
did not already exist (eg, homophobia management) and some
items were developed through community engagement (eg,
working with Let’s Kick ASS to develop the AIDS survivor
syndrome questions [47]).

Theorized resiliencies were chosen based on the domains
identified through the community-engaged process described
earlier. We intentionally chose measures to assess possible

resiliencies at the individual, interpersonal or dyadic, and
community levels. We also included several syndemic-informed
measures at each level. These measures were primarily selected
from previous studies [14,17,39].

To assess the widest range of resilience and syndemic factors
while respecting survey length and participant burden, we chose
to identify some measures to ask for each survey wave (eg,
global resiliency and social bonding), whereas others were asked
intermittently, for example, at two of the waves within the 3-year
follow-up period (eg, homophobia management and physical
activity). This syncopated process also allowed the study team
to add additional factors that were not initially included in the
first Healthy Aging survey (eg, conversion therapy and grit).
The final visit 70 survey included nearly every question asked
over the course of the study. Table 1 describes each of the study
measures, at which visits participants were asked to provide an
overview of data points for future longitudinal analyses, and
how each measure is connected to the larger MACS.
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Table 1. Measures of the Multisite AIDS Cohort Study Healthy Aging Study (2016-2019).

Study visitaDomain or measure

654321Aging visit

706968676665MACSb visit

Individual level resiliencies

✓✓✓✓✓✓dHousing statusc

✓✓✓✓✓✓Volunteer work: General Social Survey [48]

✓✓✓✓✓✓Global Resiliency Scale (RS-14e) [42]

✓✓✓✓✓✓Revised Life Orientation Test [49]

✓✓✓✓✓✓Multidimensional measurement of religiousness or spirituality [50,51]

✓✓✓Self-monitoring and goal settingc

✓✓✓✓Homophobia managementc

✓✓✓✓Aging Satisfaction: Attitudes Toward Aging Subscale from Philadelphia Geriatric Center Morale
Scale [52]

✓✓Grit [53,54]

✓✓✓Medical decision making (adapted from Sudore et al [55])

✓✓✓Mindfulness: MAASf [56]

✓✓Sexual health: IIEFg [57]

✓✓✓✓Physical activity: IPAQ-SFh [58]

✓✓✓Body image: BIQi [59]

Individual level other

✓✓✓✓✓Internalized homophobia [60]

✓✓✓✓Employmentc

✓✓✓✓✓Work satisfaction: BIAJSj [61]

✓✓✓✓✓UCLAk loneliness [45]

✓✓✓✓✓✓Sexual orientationc

✓✓✓Gender identityc

✓✓✓Sexual behavior with gender minority partnersc

✓✓Bisexual orientation and stigmac

✓✓✓✓✓✓Discrimination experiencesc

✓✓✓✓✓✓Alcohol use: AUDIT-Cl [46]

✓✓Sex workc

✓✓✓✓✓✓Health care satisfaction: PSQ-18m [62]

✓✓✓HIV biological prevention techniquesc

✓✓✓✓✓✓AIDS survivor syndromec [47]

✓✓✓✓✓✓Anxiety: GAD-7n [63]

✓✓Pain experiences and treatmentc

✓✓Opioid usec

✓✓Pill burden scale [64]
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Study visitaDomain or measure

✓✓✓Posttraumatic stress disorder: PCL-Co [65]

✓✓Stigma experiencesc

✓Digital communication usec

✓Technology usec

✓✓✓Conversion therapy experiencesc

✓✓Stress: PSS-10p [66]

Interpersonal or dyadic level resiliencies

✓✓✓✓✓✓Social bonding-Social Provisions Scale [43]

✓✓✓✓✓✓Supportc

✓✓✓✓✓✓Mentoring: Gay Mentoring Scale [67]

✓✓✓✓Relationshipsc

✓✓✓✓✓Relationship structures-ECR-RSq [44]

Interpersonal or dyadic level other

✓✓✓✓✓HIV status and HIV disclosure or stigmac

✓✓IPVr [68,69]

Community or structural level resiliencies

✓✓✓✓✓✓Emotional connection with gay community [70]

✓✓✓✓✓✓Psychological Sense of Community [70]

✓✓✓✓Neighborhood contextsc

aSample size at each visit: visit 65: n=871; visit 66: n=1118; visit 67: n=1116; visit 68: n=1065; visit 69: n=1071; visit 70: n=1056.
bMACS: Multisite AIDS Cohort Study.
cStudy team–developed measure.
dMeasure present.
eRS-14: 14-item Resilience Scale.
fMAAS: Mindful Attention Awareness Scale.
gIIEF: International Index of Erectile Function.
hIPAQ-SF: International Physical Activity Questionnaire-Short Form.
iBIQ: Body Image Questionnaire.
jBIAJS: Brief Index of Job Satisfaction Measure.
kUCLA: University of California, Los Angeles.
lAUDIT-C: Alcohol Use Disorders Identification Test-Concise.
mPSQ: Patient Satisfaction Questionnaire.
nGAD-7: Generalized Anxiety Disorder-7 item.
oPCL-C: Posttraumatic stress disorder checklist.
pPSS-10: Perceived Stress Scale-10 item.
qECR-RS: Experiences in Close Relationships-Relationships Structures.
rIPV: intimate partner violence.

Childhood, Coming Out, and Early Adulthood Survey
The Long Term Health Effects of Methamphetamine Use in the
MACS (NIDA, R01DA022936, principal investigator: RS) study
between 2008 and 2009 collected information on experiences
related to childhood, coming out, and early adulthood [17].
Although some of the Healthy Aging Study participants
completed this survey at that time, not everyone did. Healthy
Aging Study participants who had not completed this survey in

2008-2009 were given the opportunity to do so at each study
wave until completion or refusal. The baseline survey provides
important additional data on participants’ experiences related
to childhood, adolescence, and coming out. A total of 195
participants completed the survey.
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MACS Core Variables

Overview
Healthy Aging Study participants were matched by unique ID
to the longitudinal MACS data, thereby connecting them to
many years of psychosocial, behavioral, and biological data
collected as part of their regular MACS participation. Data and
specimens collected at semiannual visits included prospectively
measured HIV status (for HIV-negative participants)
demographic and psychosocial characteristics; medications used
as pre-exposure prophylaxis or HIV treatment; hematologic
variables, including an enumeration of CD3, CD4, and CD8
T-cell subsets; plasma HIV RNA quantification (for
HIV-positive participants); a lipid profile; hepatitis serology;
liver and renal function assays; evaluation of glucose
metabolism and the allocation of samples for repository;
HIV-related symptoms; psychomotor functioning; and illnesses
and use of health services. Matching participants to these data
is essential for completing the Healthy Aging Study objectives.
This has provided an opportunity for study investigators to
develop additional related projects.

Participant Incentives
Participants were reimbursed US $35 for each Healthy Aging
survey for a possible total of US $210 over the entire study
period, in addition to regular MACS participation incentives.
For wave 70, to increase participation and adjust for longer
lengths, reimbursement was increased to US $45. Participants
who completed the Childhood, Coming Out, and Early
Adulthood Survey during this time (ie, did not complete it in
2008-2009) were reimbursed an additional US $20. MACS staff
issued all incentives according to the existing protocols. If not
completed onsite, the Healthy Aging Study Coordinating Center
notified the local MACS site when a survey was completed,
prompting the site to issue the incentive.

Human Subjects and Informed Consent
All study procedures were approved by the coordinating center
at the University of Pittsburgh. Subsequently, the approved
protocol was submitted for approval by each of the participating
MACS sites. Informed consent was obtained from all
participants using a click-to-consent procedure at the beginning
of each electronic survey at each study wave. Those who
completed the hard copy surveys were asked to consent by
checking a box. Some local sites also required a hard copy
consent to be completed, which was obtained by the local study
staff.

To strictly protect participants’ confidentiality, all study data
were coded by the participant’s MACS ID. Any identifying
information associated with this ID was kept at the local sites
in accordance with the approved protocols. Number-coded
information became part of an electronic database, which was
password-protected and only accessible to the study staff.

Analyses
Analyses included in this paper were completed in SPSS
(version 26) software to characterize the sample at baseline (ie,
the initial visit for each participant). Frequencies were used to
describe the overall sample, with comparisons by HIV status

using Pearson chi-square, Fisher exact, and two-tailed t tests as
appropriate.

Previous publications from this study used several analytical
approaches to assess research questions. These approaches
include longitudinal latent class analyses to identify associations
between social environmental resilience and loneliness [71] and
associations between social support typologies and depression
symptoms [72]; group-based trajectory approaches to assess
predictors of polypharmacy [73]; longitudinal multinomial
analyses assessing predictors of romantic partnership structures
[74] and predictors of aging satisfaction [75]; multivariable
regressions to assess the effects of conversion therapy on
depressive symptoms [76]; longitudinal mixed models with
lagged variables assessing the effects of employment status on
depressive symptomology [77]; and structural equation
modeling, using mediation, to assess associations among gay
community connection, negative self-appraisal, and fitness
engagement [78]. The core investigative team will use
Longitudinal Latent Class Analysis and structural equation
modeling procedures to assess latent resiliency phenotypes and
their direct and indirect effects on biopsychosocial health
outcomes in a forthcoming series of manuscripts.

Results

Enrollment and Survey Participation
Figure 1 details the participant enrollment and follow-up for
the Healthy Aging Study. There were 1497 MACS participants
who met the eligibility criteria for the Healthy Aging Study at
study commencement in April 2016. The target number changed
as participants withdrew or passed away. Of the maximum 1497
potentially eligible MACS participants, we enrolled 1318
(88.04%) unique individuals into this study, who contributed a
total of 6297 person-visits. Table 2 describes enrollment and
participation numbers by visit. A mean of 1185 participants
were approached across all waves ranging from 979 at visit 65
to 1199 at visit 70. The sample size was lower in visit 65
because some sites did not begin Healthy Aging enrollment until
midway through the 6-month study visit period, due to delays
in site-based institutional review board approval or logistics
delays. Enrollment at visits were as follows: (1) visit 65: 91.6%
(897/979); (2) visit 66: 89.93% (1152/1281); (3) visit 67:
86.47% (1120/1295); (4) visit 68: 91.7% (1127/1229); (5) visit
69: 92.16% (1129/1225); and (6) visit 70: 91.74% (1100/1199).
The refusal across time was ranged from a high of 13.51%
(175/1295) at visit 67 to a low of 7.84% (96/1225) at visit 69.
Survey completion at visits were as follows: (1) visit 65: 97.1%
(871/897); (2) visit 66: 97.05% (1118/1152); (3) visit 67:
99.64% (1116/1120); (4) visit 68: 94.23% (1062/1127); (5) visit
69: 94.86% (1071/1129); and (6) visit 70: 95.91% (1055/1100).
Among Healthy Aging participants, 95.98% (1265/1318)
completed two or more study visits, with a median completion
of five visits (IQR 4-6).

Overall, just over half (3524/6293, 56%) of the surveys were
completed at the clinic; the other 43.86% (2760/6293) were
completed at home before or immediately following the study
visit. Over time, the number of participants who completed the
survey at home increased from 21% (183/871) at visit 65 to
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60% (633/1055) at visit 70. When asked about the survey length,
from 1=too short to 5=too long, the mean score across time was
3.7 (3=just right). When asked how interesting they found the

surveys, participants reported an overall score of 3.6 on a scale
from 1=very boring, 3=just okay, to 5=very interesting.

Figure 1. Healthy Aging Study participant recruitment and survey completion. IRB: institutional review board; MACS: Multisite AIDS Cohort Study;
MSM: men who have sex with men; MSMW: men who have sex with men and women.

Table 2. Enrollment and participation for the Multisite AIDS Cohort Study Healthy Aging Study (2016-2019).

Incomplete surveys, n (%)Complete surveys, n (%)Enrolled, n (%)Refused, n (%)Approached, n (%)Targeted at visita, nVisit

26 (1.74)871 (58.18)897 (59.92)82 (5.48)979 (65.4)149765

34 (2.31)1118 (75.84)1152 (78.15)129 (8.75)1281 (86.91)147466

4 (0.27)1116 (76.13)1120 (76.4)175 (11.94)1295 (88.34)146667

65 (44.49)1062 (72.69)1127 (77.14)102 (6.98)1229 (84.12)146168

58 (3.97)1071 (77.34)112996 (6.58)1225 (83.9)146069

45 (3.21)1055 (75.14)1100 (78.35)99 (7.05)1199 (85.4)140470

aThe targeted number changed from visit to visit due to death and withdrawals.

Participant Demographics
Demographic and other descriptions of the sample are presented
in Table 3. The mean age of the total sample was 59.6, ranging
from 40 to 91. Most of the men were White (962/1318, 72.98%),
Black (266/1318, 20.18%), or multiracial (44/1318, 3.34%) and
8.72% (115/1318) identified as Hispanic. Nearly everyone was
identified as either gay (1152/1318, 87.41%) or bisexual
(60/1318, 4.55%). Overall, the sample was highly educated,
with 65.71% (866/1318) reporting a college degree (333/1318,

25.27%) or higher (533/1318, 40.44%); just under a third
(41/1318, 3.11%) reported having less than a high school degree
or General Educational Development. The sample was virtually
equally divided between HIV-positive (656/1318, 49.77%) and
HIV-negative (662/1318, 50.23%) participants. There were
differences between these subsamples in terms of age, race,
ethnicity, education, and sexual orientation. This sample also
differs in some regard from those eligible MACS participants
who did not enroll in the study (n=179; Multimedia Appendix
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1). Overall, the Healthy Aging Study participants were on
average younger (59.9 years compared with 62.2 years; P=.005)

and among those living with HIV, had a higher mean CD4 count
(697.9 compared with 623.9; P=.03).

Table 3. Participant characteristics of the Multisite AIDS Cohort Study Healthy Aging Study (2016-2019).

HIV positive (n=656)HIV negative (n=662)Total (N=1318)Characteristic

Age (years)a

57.4 (8.1); 40-8262.1 (8.7); 41-9159.8 (8.7); 40-91Value, mean (SD); range

576260Value, median

Race, n (%)a

415 (63.3)547 (82.6)962 (73)White

184 (28)82 (12.4)266 (20.2)Black

31 (2.4)13 (2)44 (3.3)Multiracial

9 (1.4)5 (0.8)14 (1.1)American Indian or Alaskan Native

1 (0.2)5 (0.8)6 (0.5)Asian

1 (0.2)1 (0.2)2 (0.2)Native Hawaiian or Pacific Islander

14 (2.1)9 (1.4)23 (1.7)Another race

1 (0.2)0 (0)1 (0.1)Missing

Ethnicity, n (%)a

575 (87.7)628 (94.9)115 (8.7)Hispanic

81 (12.3)34 (5.1)1203 (91.3)Non-Hispanic

Education, n (%)a

26 (4)15 (2.3)41 (31.1)Less than high school

81 (12.3)45 (6.8)126 (9.6)High school or GEDb

179 (27.3)106 (16)285 (21.6)Some college

158 (24.1)175 (26.4)333 (25.3)College degree

212 (32.3)321 (48.5)533 (40.4)Graduate school or higher

Sexual orientation, n (%)c

554 (84.5)598 (90.3)1152 (87.4)Gay

39 (5.9)21 (3.2)60 (4.6)Bisexual

15 (2.3)18 (2.7)33 (2.5)Straight or heterosexual

17 (2.6)7 (1.1)24 (1.8)Something else

25 (3.8)13 (2)38 (2.9)Unsure, prefer not to say, or N/Ad

6 (0.9)5 (0.8)11 (0.8)Missing

aP>.001.
bGED: General Educational Development.
cP>.01.
dN/A: not applicable.

Discussion

Principal Findings
In this paper, we describe the methods and sample for an
observational cohort study to understand the patterns of healthy
aging. We successfully recruited, enrolled, and tracked 1318
midlife or SMM (1318/1497,

88.04% of the eligible men within the MACS) over a 3-year
period (six total biannual surveys). The mean age of the sample
was 59.6, including men aged 40-91 years. Overall, the sample
was mostly White, educated, gay-identified, and included both
HIV-positive (656/1318, 49.77%) and HIV-negative (662/1318,
50.23%) men.

More than two-thirds of the participants (914/1318, 69.34%)
completed at least five of the six surveys. Participation in this
new method of data collection for the MACS, including a hybrid
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of web-based and hard copy surveys, was high with nearly all
men (95.98%, 1265/1318) completing at least two Healthy
Aging survey across the six visits. Men found that these methods
were acceptable with the uptake of web-based home-based
surveys, increasing from 21% (183/871) to 60% (633/1055) at
the final visit. This suggests the potential utility and importance
of using early study visits to acclimate participants to the study
and to increase buy-in for home-based data collection. This
approach may decrease the cost of longitudinal data collection
in similar cohort studies. Participants reported that the survey
lengths were just right and that their interest level was just okay.
The high level of survey completion and follow-up over six
waves of data collection provide strong evidence to support the
feasibility of these methods for data collection in the MACS
and similar cohorts.

In this study, we conceived resilience as a myriad of
multidimensional processes occurring at multiple levels over
the life course. This is informed by and builds upon the
important work of others [2,29-32,79]. We used a
community-engaged process to develop domains of potential
resiliencies specific to SMM at the individual, interpersonal or
dyadic, and community levels.

Strengths and Limitations
The methods described here, in particular the use of a staggered
survey design, allowed us to collect longitudinal data on a wide
range of topics without overburdening participants with
exhaustive and overly repetitive surveys at each follow-up. The
design also provided opportunities for flexibility and innovation
and the possibility of responding to historical or individual-level
changes or concerns. As an example, we were able to add a
series of questions on how men use different methods of
bio-behavioral HIV prevention techniques (eg, pre-exposure
prophylaxis), which had greatly expanded during the study
period. It also allowed junior investigators to include new
constructs of relevance that were highly relevant but not
included in the original survey (eg, conversion therapy [76]).
This flexibility also resulted in our ability to expand beyond the
original syndemic-framed aims, as proposed in the original
proposal. In the years since the first and subsequent submissions,
being funded, implementation, and now analyses and
dissemination of findings, we have begun to place more
emphasis on a resiliencies-based frame in this work.

The study was nested within the MACS, the longest running
HIV cohort study in the United States, providing a
well-established and finely tuned structure within which to
implement this work. We were able to capitalize on participants’
pre-established MACS visits and the highly trained local study
staff with longstanding relationships with the men, which
undoubtedly helped with recruitment and follow-up. To some
extent, this may limit the generalizability of our findings. These

men, many of whom have been enrolled in the MACS for ≥30
years, may be more apt to participate and to continue through
follow-up surveys. They may also be unique from men not
already engaged in research, for example, with regard to
syndemics (eg, substance use) or resiliencies (eg, altruism).
Furthermore, while subsequent enrollment periods for the
MACS cohorts used a stratified recruitment approach by HIV
serostatus that attempted to recruit HIV-positive and
HIV-negative SMM with similar baseline characteristics, we
recognize that such designs are imperfect and that the stigma
and isolation associated with HIV infection is specific to SMM
living with HIV. For this reason, we recommend that analyses
using these data are stratified by HIV status, so that the effects
of protective factors are characterized independently in the
context of HIV. Another limitation is that we experienced
several unforeseen issues when implementing the first survey
(visit 65); therefore, not all sites were able to enroll participants
until later in the 6-month cycle, resulting in a smaller sample
compared with other periods.

An important strength of this design is the ability to connect
the resiliencies captured in this study to the wealth of MACS
behavioral and biological data. This provides a unique
opportunity to explore resiliencies using longitudinal data on
myriad health indicators beyond HIV. For example, our work
evaluated the role of psychosocial factors in buffering the
development of incident frailty. Another area of research is
investigating the roles of perceived health care quality and
anticipated discrimination in health settings on the outcomes
and equity of diabetes and hypertension control within the
Healthy Aging cohort.

Conclusions
With the graying of sexual and gender minority communities
and the growing population of middle-aged and older adults
living with HIV, it is increasingly important to understand the
psychosocial aspects of aging and aging well. Currently, there
are limited data on aging populations, particularly those that
incorporate community-specific questions. Although an
assessment of global resilience is important, these communities
also have unique stories of survival, traditions, support, and
needs (eg, the importance of created or chosen family) in relation
to their lives as sexual minority persons and as persons affected
by or living with HIV [80]. Opportunities to combine
longitudinal psychosocial and biomedical or clinical data are
rare. This study provides a foundation to address this gap by
connecting innovative measures with decades of biomedical
data. More information on the measures and using these data
can be found on the web [81]. Understanding resiliencies in
aging is a critical springboard for the development of more
holistic public health theories and interventions that support
healthy aging among older SMM.
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Abstract

Background: Patients with psoriasis have increased risk of cardiovascular disease (CVD) independent of traditional risk factors.
The molecular mechanisms underlying the psoriasis-CVD connection are not fully understood. Advances in high-throughput
molecular profiling technologies and computational analysis techniques offer new opportunities to improve the understanding of
disease connections.

Objective: We aim to characterize the complexity of cardiovascular risk in patients with psoriasis by integrating deep phenotypic
data with systems biology techniques to perform comprehensive multiomic analyses and construct network models of the two
interacting diseases.

Methods: The study aims to include 120 adult patients with psoriasis (60 with prior atherosclerotic CVD and 60 without CVD).
Half of the patients are already receiving systemic antipsoriatic treatment. All patients complete a questionnaire, and a medical
interview is conducted to collect medical history and information on, for example, socioeconomics, mental health, diet, and
physical exercise. Participants are examined clinically with assessment of the Psoriasis Area and Severity Index and undergo

imaging by transthoracic echocardiography, 18F-fluorodeoxyglucose positron emission tomography/computed tomography

(18F-FDG-PET/CT), and carotid artery ultrasonography. Skin swabs are collected for analysis of microbiome metagenomics;
skin biopsies and blood samples are collected for transcriptomic profiling by RNA sequencing; skin biopsies are collected for
immunohistochemistry; plasma samples are collected for analyses of proteomics, lipidomics, and metabolomics; blood samples
are collected for high-dimensional mass cytometry; and feces samples are collected for gut microbiome metagenomics.
Bioinformatics and systems biology techniques are utilized to analyze the multiomic data and to integrate data into a network
model of CVD in patients with psoriasis.

Results: Recruitment was completed in September 2020. Preliminary results of 18F-FDG-PET/CT data have recently been
published, where vascular inflammation was reduced in the ascending aorta (P=.046) and aortic arch (P=.04) in patients treated
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with statins and was positively associated with inflammation in the visceral adipose tissue (P<.001), subcutaneous adipose tissue
(P=.007), pericardial adipose tissue (P<.001), spleen (P=.001), and bone marrow (P<.001).

Conclusions: This systems biology approach with integration of multiomics and clinical data in patients with psoriasis with or
without CVD is likely to provide novel insights into the biological mechanisms underlying these diseases and their interplay that
can impact future treatment.

International Registered Report Identifier (IRRID): DERR1-10.2196/28669

(JMIR Res Protoc 2021;10(9):e28669)   doi:10.2196/28669

KEYWORDS

cardiovascular disease; psoriasis; study protocol; cardiovascular imaging; proteomics; lipidomics; microbiome; mass cytometry;
bioinformatics; system biology

Introduction

Background
Psoriasis is a chronic inflammatory disease affecting 2% to 3%
of the adult population and is associated with an increased risk
of developing other inflammatory diseases, such as
cardiovascular disease (CVD), inflammatory bowel disease,
and diabetes [1,2]. Moderate-to-severe psoriasis is associated
with increased risks of myocardial infarction and stroke
independent of traditional risk factors, such as smoking, BMI,
diabetes, hypertension, and dyslipidemia [3,4]. In addition,
patients with psoriasis display increased prevalence of
subclinical CVD, for example, endothelial dysfunction and
increased carotid artery intimamedia thickness (CIMT),
compared to controls [5-7]. Although the molecular mechanisms
underlying the link between psoriasis and CVD remain to be
identified in detail, they may rely, in part, on shared
inflammatory pathways [8]. Indeed, psoriasis and atherosclerosis
are both immune-driven chronic inflammatory diseases with an
overlap of inflammatory mediators, including T-helper 1 (Th1)
and Th17 cells [9]. It remains unclear, however, if treatment of
psoriasis with systemic antipsoriatic medications can decrease
the risk of CVD, but studies have indicated that tumor necrosis
factor inhibitors and methotrexate may carry this potential
[10,11].

Basic, translational, and clinical research directed separately at
psoriasis or CVD has led to the identification of the molecular
disease mechanisms and the development of new therapies
aimed at psoriasis or CVD. However, this traditional paradigm
is built on studies that do not capture deep phenotypes of
individual patients, and to identify the central drivers of diseases
and enable precision therapy, systems biology–oriented
approaches are needed that seek to integrate all relevant
available data. Advances in high-throughput molecular profiling
and computational analysis techniques offer such novel
opportunities to improve the understanding of disease
connections and accelerate the discovery of new therapeutic
strategies [12-15]. A multiscale biology approach has not, to
our knowledge, been applied previously to provide
comprehensive insights into the association between psoriasis
and CVD. Therefore, we will use these techniques to investigate
the pathophysiological links between psoriasis and CVD by
integrating deep phenotypic data with multiomic data and use
systems biology techniques to interrogate the molecular
mechanisms connecting the two diseases (Figure 1). This
approach will provide information on the fundamental regulatory
circuits that drive psoriasis and CVD, enable the discovery and
testing of novel biomarkers and therapeutics, and deliver other
insights relevant for future prevention and therapy in these
patients.
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Figure 1. Overview of study examinations and analyses. 18F-FDG-PET/CT: 18F-fluorodeoxyglucose positron emission tomography/computed
tomography; CVD: cardiovascular disease; CyTOF: cytometry by time-of-flight; PEA: proximity extension assay; UPLC-MS/MS: ultra-high performance
liquid chromatography/tandem mass spectrometry.

Aims and Objectives
This study aims to investigate the complex multiscale
interactions that drive cardiovascular risks in individual patients
with psoriasis, involving specific gene transcripts, protein and
lipid markers, signaling pathways, immune cell types, organ
systems, and microbiota. Moreover, the study will examine
multiscale differences across patient groups with psoriasis
having distinct phenotypic traits, for example, with or without
CVD, systemic antipsoriatic treatment or psoriatic arthritis, and
early or late onset of psoriasis.

Methods

Study Population
The study will include 120 patients (aged ≥30 years) with
moderate-to-severe plaque psoriasis, with 60 having prior (over
6 months before inclusion) atherosclerotic CVD, including
myocardial infarction, coronary revascularization, ischemic
stroke, and/or peripheral artery disease, and 60 not having this
history. Furthermore, half of the patients receive systemic
antipsoriatic treatment (unchanged therapy in the preceding 3
months), while the other half of the patients do not receive
systemic antipsoriatic treatment. The exclusion criteria are
shown in Textbox 1.

Textbox 1. Study exclusion criteria.

Exclusion criteria

• Dementia or other major psychological or physical incapacities

• Other chronic systemic diseases

• History of cancer with throat or thoracic irradiation or history of cancer with <3 years recurrence-free control, and for hematologic cancers, <5
years recurrence-free control

• Major surgery, pregnancy, labor, or breastfeeding ≤6 months before inclusion

• Immobility

• Dysregulated diabetes (glycated hemoglobin >10%)

• Systemic treatment with prednisolone or antibiotics <1 month before inclusion

• Severe claustrophobia

• Severe kidney disease (glomerular filtration rate <30 mL/min)

• Inability to understand the information relating to participation in the study
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Patient Recruitment
Patients are recruited at the Department of Dermatology and
Allergy, Herlev and Gentofte Hospital, when attending regularly
scheduled visits for psoriasis control. Recruitment began in
January 2018 and is also at the Department of Dermatology,
Bispebjerg Hospital, at selected private dermatology clinics in
the Copenhagen area, and through public advertisement of the
research project on the home page of Herlev and Gentofte
Hospital, social media outlets, and the member magazine of the
Danish Psoriasis Association. All patient-related examinations
are performed at Herlev and Gentofte Hospital. Because of the
extensive examination program, the study visits are extended
over 2 days of attendance within a period of 2 weeks.

Patient Questionnaire and Study Interview
Each participant completes a questionnaire containing questions
regarding civil status, occupation, educational level, annual
household income, psychological stress, depression, self-rated
health, diet, and exercise. The questionnaire also contains
questions to establish the Dermatology Quality of Life Index.
An interview is conducted by study physicians with questions
regarding history of psoriasis, current and previous medical
treatment of psoriasis, history of CVD, medical treatment of
CVD, family history of CVD, comorbidities (diabetes,
hypertension, hypercholesterolemia, etc), odontological status,
smoking status, alcohol consumption, other medications
including use of antibiotics (exclusion if taken within 1 month
before consideration for inclusion), and ethnicity.

Clinical Examination
A full skin examination is performed in each patient, and the
severity of psoriasis is measured according to the Psoriasis Area
and Severity Index and body surface area [16]. In addition,
fingernails are examined for signs of psoriasis. Blood pressure
is measured on each arm after the patient has rested for 5
minutes in the sitting position and is registered as the mean of
these two measurements. BMI and waist-to-hip ratio are
registered. The tongue is examined for the presence of a
geographical tongue [17].

Skin Swabs: Skin Microbiome
Isohelix DNA/RNA buccal swabs (SK-1S, Cell Projects Ltd)
are used to collect samples from the skin. One swab is taken
from a psoriasis plaque (if applicable), where the patient has at

least 4 to 6 cm2 of affected skin. A second swab is taken from
adjacent clinically healthy skin. The sample is taken by rubbing
the skin with the swab for 60 seconds and is stored in
DNA/RNA shield (Zymo Research Corp). Site-specific skin
microbiomes vary between different body regions [18], and
therefore, we attempt to collect samples from the same body
site among patients in the following priority: the lumbar area
and buttocks, arms, and legs. Sampling controls are collected
by holding the swabs freely in the examination room for 3
minutes. The skin microbiome is analyzed by shotgun
metagenomics with untargeted sequencing of all microbial
genomes [19].

Skin Biopsies: Transcriptomics and
Immunohistochemistry
Two 4-mm skin punch biopsies are taken under local anesthesia,
including one from active psoriatic skin and one from clinically
healthy skin neighboring the psoriatic biopsy area with a
minimum distance of 2 cm from the psoriasis biopsy. The biopsy
locations have the same priority for body sites as the skin swabs.
After collection, biopsies are immediately cut in two parts and
processed separately for RNA sequencing and
immunohistochemistry.

Biopsies for RNA sequencing are placed directly into
RNAprotect Tubes (QIAGEN), which are stored at 4°C
overnight and thereafter at −80°C. RNA is isolated from
biopsies, and its quality is assessed using the 2100 Bioanalyzer
(Agilent). Sequencing libraries are prepared using SureSelect
XT RNA Direct (Illumina) for samples with an RNA integrity
number (RIN) score >8 and are sequenced at the Genomics
Core Facility at Icahn School of Medicine at Mount Sinai.

Biopsies for immunohistochemistry are placed into a cryomold
(Tissue Tek, Sakura Finetek) with optimal cutting temperature
(OCT) solution (Tissue Tek, Sakura Finetek) that is subsequently
snap-frozen with liquid nitrogen and immediately stored at

−80°C. OCT samples are cut, mounted, fixed, and stained with
hematoxylin and eosin, and with antibodies to selected target
antigens using standard immunohistochemical techniques.

Blood Samples: Mass Cytometry, Proteomics,
Lipidomics, and Metabolomics
Routine hematological and biochemical parameters, including
high-sensitive C-reactive protein and N-terminal pro-brain
natriuretic peptide, are analyzed at the Department of Clinical
Biochemistry, Herlev and Gentofte Hospital, Denmark.

For mass cytometry profiling, blood is drawn in an ACD-A
(acid citrate dextrose, Hettich Lab) tube, and 1 mL of blood is
aliquoted into a tube containing 2 µL of Cell Activation Cocktail
(phorbol 12-myristate-13-acetate [40.5 µM], ionomycin [669.3
µM], and Brefeldin A [2.5 mg/mL]; Biolegend). A second tube
containing 1 mL of blood without the Cell Activation Cocktail
is also collected. The tubes are mixed gently and then placed
in an incubator at 37°C (5% CO2). After 6 hours, 1.4 mL of
proteomic stabilizer (PROT1, Smart Tube Inc) is added to each
tube and mixed. The tubes are incubated for 10 minutes at room
temperature and are then immediately placed at −80°C. Immune
cell populations and cytokines are analyzed via mass cytometry
by time-of-flight (CyTOF) [20] using a panel of 42 antibodies
to profile various immune cells, including dendritic cells and
T-cell subtypes, such as Th1, Th2, Th9, Th17, Th22, and Treg
cells, in addition to relevant cytokines, such as interleukin
(IL)-17 and IL-23.

For profiling of plasma proteins, blood is collected in
ethylenediaminetetraacetic acid (EDTA) tubes and centrifuged
for 10 minutes at 2000 rpm. The plasma is aliquoted into 1-mL

tubes and immediately stored at −80°C. Plasma concentrations
of proteins are measured using the Olink Proseek multiplex
assay (Olink Bioscience), which uses proximity extension assay
technology to detect protein biomarkers in liquid samples [21].
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In brief, pairs of antibodies linked to oligonucleotides bind to
their target protein in close proximity so that the
oligonucleotides can hybridize and generate a unique sequence
that can be detected and quantified by subsequent quantitative
real-time polymerase chain reaction [22,23]. Predesigned Olink
multiplex biomarker panels (Inflammation, Cardiovascular II,
and Cardiovascular III) are used to determine protein profiles
[24].

Lipidomic and metabolomic profiling of plasma are assessed
by Metabolon (Morrisville), where approximately 1100 lipids
and 5200 metabolites are measured by ultra-high performance
liquid chromatography/tandem mass spectrometry [25].

For transcriptomic profiling, blood (2.5 mL) is drawn into
PAXgene RNA Tubes (BD Bioscience), placed at −20°C
overnight, and then stored at −80°C. RNA is isolated using the
PAXgene Blood RNA Kit (QIAGEN), and its quality is assessed
using the 2100 Bioanalyzer (Agilent). Sequencing libraries are
prepared using TruSeq Stranded Total RNA kits (Illumina) for
samples with a RIN score >8 and are sequenced at the Genomics
Core Facility at Icahn School of Medicine at Mount Sinai.
Owing to the relatively small number of study subjects,
genomics are currently not planned to be assessed in this work.

Feces Sample: Gut Microbiome
All patients receive an OMNIgene GUT kit (DNA Genotek)
for collection of feces at a maximum of 14 days after the blood
samples. The gut microbiome is analyzed by shotgun
metagenomics [19].

Urine Sample: Albumin-to-Creatinine Ratio
A urine sample is collected, and the albumin-to-creatinine ratio
is determined at the Department of Clinical Biochemistry,
Herlev and Gentofte Hospital, Denmark.

Echocardiography
Comprehensive two-dimensional resting transthoracic
echocardiography, including tissue Doppler imaging, is
performed using a Vivid E-95 ultrasound machine (GE
Healthcare) with a M5Sc-D (1.4-4.6 MHz) transducer to
determine myocardial structural and functional indices, such as
left ventricular mass and systolic and diastolic function, right
ventricular function, and left ventricular global longitudinal
strain. Epicardial and pericardial adipose tissues are also
measured in standard parasternal and short axis views [26,27].
All analyses are performed and stored in EchoPAC version
203.82 (GE Healthcare).

18F-Fluorodeoxyglucose Positron Emission
Tomography/Computed Tomography
At a maximum of 14 days after the blood samples are taken, all

patients undergo 18F-fluorodeoxyglucose (FDG) positron
emission tomography/computed tomography (PET/CT). In brief,
subjects are injected with 3.5 MBq (0.09 mCi) per kilogram
FDG after fasting overnight. A whole-body FDG-PET/CT is
performed 120 minutes after FDG injection on a GE Discovery
710 scanner (GE Medical Systems) using the proprietary Q.Clear
PET reconstruction algorithm. Anatomic localization and
attenuation correction are provided by an unenhanced low-dose

CT scan. Regions of interest (ROIs) are delineated around the
aorta in consecutive 3-mm-thick axial PET and CT slices using
MIM 6.9.2 software (MIM Software Inc). FDG uptake in aortic
segments is quantified by calculating the mean of the maximum
activity in each ROI normalized to the mean activity in the
superior vena cava (maximum target-to-background ratio
[TBRmax]) to determine vascular inflammation according to
established methodology [28]. Adipose tissue in brown,
pericardial, visceral, and subcutaneous fat is measured by
manually locating volumes of interest in the lateral neck, anterior
to the pericardium at the level of the aortic root, caudal to the
kidneys, and in the loin, respectively. Moreover, FDG uptakes
in the bone marrow (lumbar vertebra L1-L5) and spleen are
measured to assess activation of hematopoietic tissues. Separate
electrocardiogram-gated low-dose CT acquisition is performed
for determination of the coronary calcium score using a
combined Agatston score for all coronary arteries using Siemens
SyngoVia software VB40 (Siemens Healthcare) [29,30].

Carotid Artery Ultrasound Imaging
Ultrasound imaging of CIMT is performed in the right and left
common carotid arteries by using an Affiniti 70G ultrasound
system with a 5-12 MHz linear array transducer (Philips
Ultrasound Inc) with Philips Q-App IMT software (version
3.03). CIMT is measured according to the Mannheim consensus
on a 10-mm far wall segment of the distal common carotid
artery during diastole, avoiding areas with focal thickening [31].
The presence of atherosclerotic plaques is also assessed in both
carotid arteries.

Bioinformatics Analyses
For transcriptomics, RNA sequencing (RNA-seq) FASTQ
sequence files are first subject to quality trim followed by
alignment to the HG38 human genome and count
summarization. Samples are normalized, and differential
expression analysis is carried out to detect genes that are
expressed at significantly different levels between groups. Gene
set enrichment analysis is performed by the CAMERA method
using reference data sets that include Hallmark, KEGG,
Reactome, and Gene Ontology [32]. Protein-protein interaction
network analysis is carried out using Cytoscape with the
StringAPP plugin [33-35]. Functional enrichment analysis of
the interaction network is performed using STRING enrichment
against a collection of gene set databases [34,35].

For metagenomics, FASTQ files are quality trimmed before
human genome mapping to filter out human reads. Microbial
taxonomy classification is performed by the k-mer–based
Kraken2 tool supplied with a microbial database including
archaea, bacteria, fungi, protozoa, viruses, and vectors [36].
Relative taxonomy abundance is analyzed by LEfSe, and
absolute abundance is analyzed by DESeq2 [37,38]. Alpha
diversity is calculated using the phyloseq package in RStudio
(R version 3.6) [39].

For high dimensional CyTOF, data are first preprocessed in
Cytobank, and then, FCS data files are imported into RStudio
[40]. Data are arcsinh-transformed and then scaled for heatmap
presentation. Unscaled transformed data are used for FlowSOM
hierarchical clustering [41]. The clusters are then manually
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annotated and visualized after UMAP dimension reduction [42].
Differential cell lineage markers are further quantified and
cytokine levels are stratified by clustered cell populations.

For proteomics, plasma protein levels are measured using the
Cardiovascular II, Cardiovascular III, and Inflammation panels
(Olink Bioscience), and reported as normalized protein
expression levels (NPX) in log2 scale. Proteins are filtered out
when 40% of samples are below the limit of detection. Protein
changes are analyzed with the limma-trend method for
comparisons of interest. Functional enrichment analysis is
performed as described above for transcriptomic data [43].

The strength of a systems biology approach is the potential to
integrate data from multiple platforms. There are several
examples of how this approach has been successfully applied
in the disease areas of psoriasis and in particular CVD [44,45].
We will use previously described computational methods to
integrate multiomics data sets to develop a comprehensive and
integrated view of cardiovascular risk in patients with psoriasis
[46-48].

Results

The preliminary results of 18F-FDG-PET/CT data have recently
been published, where vascular inflammation in patients treated
with statins was significantly reduced in the ascending aorta
(P=.046) and aortic arch (P=.04) compared to the findings in
patients not treated with statins, even though most statin-treated
patients were, of course, in the CVD group [49]. Moreover, we
very recently reported positive associations between vascular
inflammation and inflammation in the visceral adipose tissue
(P<.001), subcutaneous adipose tissue (P=.007), pericardial
adipose tissue (P<.001), spleen (P=.001), and bone marrow
(P<.001) in our study population [50].

The study has been approved by the ethics committee of the
Capital Region, Denmark (H-17003458) and the local data
protection agency (ID: HGH-2017-103, I-suite: 05977). All
participants will be asked to sign an informed consent form
before entering the study. The study has been conducted in
agreement with the Declaration of Helsinki.

The ethics approval for the study was granted in March 2017.
Recruitment for the study began in January 2018 and was
completed in September 2020. Analyses of transcriptomics and

proteomics have been completed, while analyses involving
metagenomics, lipidomics, metabolomics, mass cytometry
experiments, and immunohistochemistry are underway. Data
processing and statistical analyses began in September 2020,
and the first results of the study were published in the beginning
of 2021 [49,50].

Discussion

This is an observational study with a case-control design that
includes adult patients with psoriasis with or without
atherosclerotic cardiovascular disease, and with or without
systemic antipsoriatic treatment. The major strength of this
study is the extensive number of examinations and samples
collected from each patient to achieve deep phenotypic
characterization. High-throughput molecular profiling
technologies and computational analyses are utilized, and data
are integrated by multiscale network analyses. With this
approach, results are likely to shed light on new drivers and
mechanisms of cardiovascular risk in psoriasis that can impact
precision medicine [44,51]. Patients are specifically included
with and without prior CVD, and with strict inclusion and
exclusion criteria. Moreover, the psoriasis diagnosis is verified
by dermatologists.

An important limitation of the study is that a control group
without psoriasis is not included, which makes it impossible to
compare the results with healthy individuals. Moreover, the
computational analyses are data-driven and hypothesis-free,
which precludes a priori sample size calculations. Another
potential limitation is that patients with CVD are often older
than those without CVD, so matching patients with and without
CVD can be difficult. Furthermore, due to the extensive number
of examinations and the 120 minutes of rest required for patients

before the 18F-FDG-PET/CT scan, the scan is not performed
on the day of clinical examination and collection of blood and
skin samples, potentially leading to temporal changes in the
state of systemic inflammation. All skin biopsies and swabs
might not be taken from the same body regions in all patients
due to variations in the location of psoriasis-affected skin.
Moreover, because of the recruitment setup and study hospital
localization, most patients will probably be recruited from the
Copenhagen area, although patients from other parts of Denmark
are eligible and can contact the project through social media or
the member magazine of the Danish Psoriasis Association.
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Abstract

Background: Good nutrition affects children’s health, well-being, and learning, and schools offer an important setting to promote
healthy behaviors that can last a lifetime. Once children reach school age, they spend more of their waking hours in school than
in any other environment. Children’s eating habits may be easier to influence than those of adults. In Canada, households with
children are more likely to experience food insecurity, and school food programs that are universally available to all children can
support the development of healthy eating patterns across groups of varying socioeconomic status. There is a significant gap in
the rigorous community-engaged academic research on the impact of school meal programs, especially universal ones.
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Objective: The aim of this population health intervention research is to study the impact of a 2-year universal,
curriculum-integrated healthy school lunch program in elementary schools in Saskatoon, Saskatchewan, Canada, on food
consumption, dietary quality and food and nutrition-related knowledge, attitudes, and practices.

Methods: This population health intervention study will be conducted in 2 intervention elementary schools matched with 2
control schools. We will collect preintervention data, including objective measurements of food eaten at school and food-related
knowledge, attitudes, and behaviors. This will be followed by the intervention itself, along with qualitative case studies of the
intervention process in the 2 intervention schools. Then, we will collect postintervention data similar to the preintervention data.
Finally, we will finish the data analysis and complete the ongoing sharing of learning from the project.

Results: This study was funded in April 2020 but because of the COVID-19 pandemic, data collection did not begin until May
2021. The intervention will begin in September 2021 and end in June 2023, with end point data collection occurring in May and
June 2023. The case study research will begin in September 2021 and will be ongoing for the duration of the intervention.

Conclusions: The opportunity we have to systematically and comprehensively study a curriculum-integrated school lunch
program, as well as the promising practices for school food programs across Canada, is without precedent.

International Registered Report Identifier (IRRID): DERR1-10.2196/30899

(JMIR Res Protoc 2021;10(9):e30899)   doi:10.2196/30899

KEYWORDS

school food programs; Canada; nutrition; intervention research; mHealth

Introduction

Background
Two events occurred in 2019 that made rigorous Canadian
research on school food programs particularly needed and
timely. First, the updated Canadian Food Guide (CFG) was
released [1]. Its focus is on reducing the consumption of highly
processed foods, encouraging consumption of a variety of
healthy foods, shifting to plant proteins, eating as a social and
conscious act, and cooking. Second, the March Federal Budget
stated the following [2]:

Critically important for a child’s education is
ensuring they have healthy meals before and during
school. Currently, Canada has a mix of different
school breakfast and lunch programs, but much more
could be done. Budget 2019 announces the
government’s intention to work with the provinces
and territories towards the creation of a national
school food program.

Ensuring that Canadians have the capabilities and opportunities
to eat in accordance with the new CFG guidelines will be
challenging, given that families struggle to consume healthy
foods for multiple reasons including affordability, time scarcity,
and food availability [3-7]. Debates have focused on how the
new CFG recommendations can be achieved, with journalists
and researchers stating that a national school food program
might be a key approach [8].

Nutrition affects children’s health, well-being, and learning,
and schools offer an important setting to promote health
behaviors that can last a lifetime [9-13]. Households with
children are more likely to experience food insecurity; however,
recent research shows that the diet quality of Canadian children
across the socioeconomic spectrum during school hours is poor
[14]. School age children spend more of their waking hours in
school than in any other environment, yet Canada is one of the
only Organization for Economic Cooperation and Development

countries without a national school food policy or program [15].
School food programs can include breakfast, lunch, and snacks,
with or without integration into the curricula, and can contribute
to child, family, and community health and well-being [16].
School food programs that are available to all children,
regardless of a family’s ability to pay, can support the
development of healthy eating patterns across groups of varying
socioeconomic status (SES) [16,17].

The 160 members of the Canadian Coalition for Healthy School
Food (CHSF), the largest Canadian organization advocating for
school food programs, advocates for a universal school food
program that is key to positively evaluated programs [17].
Universality means that all children have access to a school
lunch program, and in the case of the intervention discussed
here, at no cost, regardless of income. Most school breakfast
and lunch programs in Canada are instead targeted to either
self-identified or school-identified low-income families [18].
Discussions regarding a school food program for Canada are
drawing largely on international evidence because of the limited
Canadian data available [19,20]. There is a significant gap in
rigorous academic research on the design of and outcomes of
school meal programs, especially universal ones [21].

We conducted a scoping review of school food research in
Canada to determine what we know from promising practices
for school meal programs [20]. A total of 17 peer-reviewed and
19 gray literature articles discussed 24 programs in 10 provinces.
There was one randomized control trial, no longitudinal studies,
and one study with a control group. The breadth and depth of
research on school food programs in Canada is lacking [19].
Upon analysis of the research to date, we concluded that the
most promising programs for improved health address social
determinants of health and teach about food systems and
environmental sustainability.

The purpose of our population health intervention research
(PHIR) is to study the process, benefits, and challenges of
implementation, as well as impacts of a universal,
curriculum-integrated, healthy school lunch program on diet
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quality and food and nutrition-related knowledge, attitudes, and
practices (KAP) of elementary students. Universal school food
programs reduce stigma compared with targeted programs, and
Raine et al [22] found that only a minority of the intended target
population is actually reached in targeted programs. Previous
process evaluation studies have identified universal access and
curriculum integration as key factors in the success of
snack-based school food programs [23]. Curriculum-integrated
means core curriculum (eg, math, science, and social studies)
includes teaching aspects of food, nutrition, and food systems
at the same time as providing the school lunch. Children also
gain hands-on experience by growing some of the vegetables
and preparing food for consumption.

This study is funded by the Canadian Institutes for Health
Research and has undergone peer review (see Multimedia
Appendices 1-4).

Literature Review

Evolution of School Food Programs
The development of school food programs in high-income
countries has followed three phases, the third of which is just
taking hold today [16]. Globally, school food programs were
often established primarily to reduce hunger [16]. In the 1970s,
in some parts of Europe and in the 1990s and the 2000s in the
United States of America and the United Kingdom, a shift
toward improving food quality began, creating the second phase
of school food programs. This second phase shifted the focus
toward dietary guidelines for school food programs to improve
the nutritional quality of food served. The third phase, in its
infancy in most countries (Canada included), is a response to
increased rates of childhood obesity and nutrition-related chronic
diseases, a larger societal context of challenges in the food
system, climate change, and environmental degradation. This
phase incorporates food systems and societal issues into food
programs and policies and generally integrates them more
closely with curricula and the school environment as a whole
[16,24]. Various researchers argue that this approach is the
future of school food programs around the world and is
consistent with the principles outlined in the CFG [25,26]. We
recently examined international literature on school food
programs in high-income countries and outlined key
characteristics needed in a national school food program for
Canada, including universality, curriculum integration,
adaptation to local contexts, and sustainable funding [21].

School Food Programs, Nutrition, and Health
International research on the health and dietary behavior impacts
of school food programs in high-income countries has found
modest positive effects overall, including higher vitamin intake
and increased vegetable and fruit consumption, especially in
younger children [27-30]. Studies from various countries that
compare the nutritional quality of food consumed at school that
was brought from home versus food acquired through school
food programs has found that school food programs provide
healthier food overall (regardless of the SES of child
participants) [31-38].

Only a small proportion of Canadian children meet the Canadian
eating recommendations, with low vegetable and fruit

consumption of particular concern [39,40]. Research on overall
dietary patterns in Canada highlights the very large proportions
of ultraprocessed foods high in salt, sugar, and some fats being
consumed [41,42]. Families struggle to introduce minimally
processed healthy foods for a variety of reasons [3-5].

Provision of healthy school lunches is challenging in the context
of parents working long hours [43,44], and families are
struggling to adopt healthy food behaviors [44]. Parents may
rely on highly processed foods, low in key nutrients but high
in salt, sugar, and fat, to cope with demands on time [45,46].
The diets of Canadian children across the socioeconomic
spectrum are poor [47]. There is some evidence from the United
States that school food programs can reduce disparities in
vegetable and fruit consumption between children from higher
versus lower SES households and limit the intake of minimally
nutritious foods among higher SES households [48].
Introduction of healthy foods in a universal school food program
could provide all children with greater opportunities to learn
about and eat healthy foods in a way that is not stigmatizing
[49].

Our team’s previous observational research on school food in
and around Saskatoon, Saskatchewan, Canada, characterized
lunches using a school food checklist and digital photography
in randomly selected urban schools with a meal program (n=3),
urban schools without a meal program (n=3), and rural schools
without a meal program (n=3) [50]. The number of servings of
each CFG food group was determined and compared with
one-third of the recommended daily intake. The Healthy Eating
Index (HEI) scores were calculated. In results similar to
Tugault-Lafleur et al [14] using the national Canadian
Community Health Survey data for the school day, just over
half of the students who brought lunches from home met the
recommendations for grain products and meat and alternatives,
less than one-third met recommendations for vegetables and
fruits, under one-fourth met the recommendations for whole
grains, and even fewer met the recommendations for milk and
alternatives. The HEI scores of students in meal programs were
greater than those of students who brought lunches from home
because they included more whole grains, met meat and
alternatives recommendations, and contained fewer calories
from minimally nutritious foods (high-fat and high-sugar foods
such as candies, chocolate, and sauces). Children not
participating in meal programs brought about one-third of
calories as minimally nutritious food, about double that of meal
program student lunches.

There are numerous reports of school staff and other
stakeholders expressing a desire to offer universal lunch
programs rather than the more common targeted programs and
expressing concern about the quality of food currently consumed
by Canadian children at school outside of lunch programs
[51,52]. Drawing on international evidence, an evaluation was
conducted of a 2-year pilot of free school meals in 3 local
authorities in the United Kingdom [53]. Two local authorities
made free school meals universal to all primary school children,
whereas the third extended free school meal entitlements to a
larger number of students but was not universally free. In the
extended entitlement (not universal) authority, there were no
impacts found on children’s eating habits, whereas in the

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e30899 | p.368https://www.researchprotocols.org/2021/9/e30899
(page number not for citation purposes)

Engler-Stringer et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


universal entitlement authorities, there were reductions in the
consumption of potato chips and soft drinks and an increase in
vegetables consumed. In the universal pilot areas, parents’
perceptions of school meals for health were more positive and
they thought that their children were more willing to try new
foods.

Learning Outcomes and School Food Programs
Educational achievement is associated with health across life
span [54]. Studies on school food programs and academic
achievement, attendance, tardiness, and dropout rates point to
important impacts of school food programs. Attendance and
tardiness appear to be the educational outcomes with the most
available evidence, but some studies have found improvements
in academic achievement with the introduction of school food
programs [55-65]. School food programs can also contribute to
teaching culinary heritage, social norms around food, and
environmental sustainability [26,66,67]. We are conducting a
separate study in partnership with educational research
colleagues on educational outcome changes as a result of this
intervention.

Food Literacy, Environmental Education, and School
Food Programs
Various countries, including Canada most recently, have adopted
nutritional recommendations that recognize the connections
between nutrition and environmental sustainability [1,68].
According to Cullen et al [69], food literacy is “the ability to
make decisions to support the achievement of personal health
and a sustainable food system considering environmental, social,
economic, cultural, and political components.” School food
programs focused on the provision of healthy, sustainable foods
(including vegetables and fruit, plant proteins, and locally
produced foods) along with the promotion of sustainable food
behaviors such as school gardening and learning how to reduce
food waste, may work together to change food behaviors [26],
which may spill into life away from school [70]. Stone [71] and
Weaver-Hightower [72] explain how children can be involved
in age-appropriate ways to grow and prepare food, along with
learning how the food system works and its environmental and
social challenges, to integrate learning with a meal program.
This integration enables appreciation for food and a greater
willingness to try new foods [73,74].

The evidence for school food interventions that include both
meals and curriculum is getting stronger internationally, but not
much Canadian evidence is available [19,20,62,75]. These
interventions include introducing healthy foods, integrated with
the curriculum, and with parent involvement [28,76]. They take
an education-integrated approach that involves children in
growing and preparing food, teaching about food system
sustainability, and healthy behaviors [26]. Internationally,
Oostindjer et al [26] juxtapose the Swedish and British school
food programs and the Japanese, French, Italian, and Finnish
school food programs on this front. The Finnish universal lunch
program, which is a key aspect of their education system, is
integrated with the curriculum, including learning objectives
related to social relationships and eating norms that are lacking
in Sweden and the United Kingdom [77-79]. According to a
review of international literature, this emerging integration of

school meals with classroom curricula aligned with food cultural
learning and establishing an optimal food and social
environment may facilitate learning of healthy and sustainable
food behaviors [26].

Methods

Overview
This multimethod PHIR is informed by the theory of change,
where the ways in which a program brings about specific
outcomes are explicitly described, as is commonly done with
complex population health program evaluations [80]. We have
also developed a program logic model for population health
intervention as part of our theory of change. The overall research
design is a case study with an embedded matched control pre
and post study of a universal, curriculum-integrated school
lunch program in elementary schools consistent with promising
practices in school food programs for Canada [19,26,75]. The
case study will fill an important research gap in rigorous PHIR
that is critical to inform policy change, given that it examines
both implementation and health-related outcomes [81-83]. Our
design includes the following:

1. A comprehensive case study of the process of
implementation, benefits, challenges, and perceptions of a
universal, curriculum-integrated school lunch program
including key informant and caregiver interviews and
structured and unstructured observations of the intervention
school food environment.

2. An embedded, nonblinded, experimental study with a
control group including an assessment of plate-waste of
lunches to examine contribution to overall diet quality
(based on a third of daily food consumption [14]) and
surveys of food-related KAP.

Research Objective and Research Questions
The objective of our study is to examine the process of
implementation and the impacts of a universal,
curriculum-integrated school lunch program in 2 schools by
responding to the following research questions (RQs):

• What are the benefits of and challenges faced in establishing
and administering a universal curriculum-integrated healthy
school lunch program?

• What is the difference in diet quality, food group, and key
nutrient consumption among children in intervention
schools after the implementation of a comprehensive,
curriculum-integrated universal school lunch program as
compared with children in control schools?

• What is the difference in food-related KAP among child
participants in intervention schools after the implementation
of a comprehensive, curriculum-integrated universal school
lunch program as compared with children in control
schools?

• What aspects of curriculum integration show promise in
enhancing food-related learning?

Hypotheses
Owing to the qualitative nature of the case study RQs, we do
not have hypotheses for them. For the embedded experimental
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study, we hypothesize that there will be significant differences
in food consumption and dietary quality between intervention
and control schools at the end point, with children in intervention
schools having higher consumption of vegetables and fruits,
whole grains, and dairy products and lower consumption of
minimally nutritious foods. We expect differences in
food-related KAP of children in intervention versus control
schools, with intervention school participants having greater
knowledge and more positive attitudes and practices with regard
to nutritious and sustainable food.

Sample
We conducted a sample size calculation that indicated that we
needed a minimum sample of 148 children from 2 intervention
schools matched with 148 children from 2 control schools to
detect changes in eating behavior, accounting for attrition from
the baseline (pretest) to the end point (posttest). Furthermore,
2 intervention and 2 control elementary schools were selected
by the Saskatoon Public Schools Division (SPSD) from the 8
schools that currently have small lunch programs and the
infrastructure to scale up to serve the whole school. Saskatoon
is a midsized Canadian Prairie city with a population of
approximately 325,000 residents. The 4 schools were selected
from among the 8 schools because the school staff in these
schools are willing to participate in this initial intervention study
which is critical at this stage. The schools are located in lower
SES neighborhoods with more ethnic diversity including
relatively large numbers of newcomers and Indigenous children
compared with other neighborhoods in Saskatoon [84].

Our sample of students in the intervention schools is a 1:1
matched sample of children from 2 control schools based on
self-identified gender, age, school grade, and school
neighborhood median income, who will be followed from the
baseline to the end point (2 full school years with a summer
break in between). All children in grades 1-6 in each school
will be invited to participate (approximately 170 students in
each school in these grades). Our total sample from which
participants will be drawn is about 340 (170 in each school),
much more than the minimum 148 needed in our sample size
calculation. They will be matched with an equivalent number
in control schools.

Intervention Details
The intervention comprises (1) the universal school lunch
program and (2) the associated curriculum. The intervention
will last 2 full school years (plus a summer between) to allow
time for the schools to adapt to new food and curricular
practices. Case study research will be ongoing over 20 months
of school.

The school lunch will be offered every day at no cost to all
students in the intervention schools and will focus on nutritious
foods, including a variety of vegetables and fruits, whole grains,
dairy products, plant proteins, and some meat. With SPSD staff
and CHSF input, we developed a 6-week menu for the school
food program with considerations for cultural appropriateness
and the new CFG recommendations, including more plant-based
proteins and whole grains. We are working with a
community-based organization that works with local producers

to incorporate local foods where possible into school food
menus. The menu includes a variety of vegetables and fruits
because they are particularly low in the diets of Canadian
children [14,46], and it has been reviewed by a dietitian.

For curriculum integration, we adapted 6 lesson plans each from
kindergarten up to grade 6 (ages 5-12 years) to teach food safety,
food preparation, nutrition, gardening, and food waste reduction
tied to the Saskatchewan curriculum and informed by our
scoping review. The curriculum was developed with the CHSF
and several Saskatchewan teachers and is ready to use in the
classroom with little additional preparation by teachers. In
addition to the lesson plans, all classrooms in each grade will
also have two experiences involved in cooking: one indoor and
one outdoor food-growing experience. Consistent with best
education practices, our focus is on a hands-on curriculum.

Data Collection and Analysis

Phase 1: Intervention Planning
We have ethical approval in place (University of Saskatchewan
BEH-509) and a memorandum of understanding prepared
between principal investigator RES and the SPSD. In 2018, we
collected baseline data on school food environments in the 2
intervention schools to inform study preparation. Intervention
planning was supposed to be conducted from March to May
2020; however, because of the COVID-19 pandemic, it was put
off and conducted between January and May 2021. The
COVID-19 pandemic-related prohibitions on field data
collection also affected this study, and permission to enter
schools was granted in mid-May 2021.

Phase 2 and Phase 4: Baseline and End Point
Measurement
RQ2: What is the difference in diet quality, food group, and
key nutrient consumption among children in intervention schools
after the implementation of a comprehensive,
curriculum-integrated universal school lunch program as
compared with children in control schools?

A digital photography–enhanced plate-waste study will assess
food eaten for lunch by students in intervention and control
schools (n=148 minimum each for a total of 296; 4 schools) on
2 days at baseline (preintervention) and then on 2 days at the
end point (in the last 2 months of the intervention). Each
participating child will have four measurements of plate-waste
data (two baseline and two end point data). We will follow the
protocol developed by coinvestigator HV, which has been
extensively used in studies of school-aged children [85-87].
The procedures for data collection involve weighing the served
food and leftovers, using digital photography and a food scale
during the lunchtime with an app installed on tablets. This
method is considered the most precise measurement of dietary
intake compared with other dietary assessment methods that
are typically used, such as food records [88,89]. The literature
indicates no significant impact of the method on eating behaviors
in children [88,89]. Digital photography of plate-waste will be
conducted by 2 research assistants in half the school classrooms
on each data collection day, for a total of 4 data collection days
at both baseline and at end point in each school. The practice
of collecting data from half the classrooms in a single school
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on each data collection day will ensure minimal disruption of
regular school days.

Our plate-waste approach allows us to infer the amount of food
consumed by calculating the difference between the amount
served and the amount left over [88,90]. At the end point, the
information about the menus (recipe level data) on the days of
data collection will be entered in the app on tablets before lunch.
A label with the identification number of the child is placed on
the tableware to correctly identify each child’s meal and
leftovers and scanned at the time of data collection for each
child. A photograph (62 cm away from the food, at a 45° angle
[91]) is taken of student’s tableware (ie, each container in a
lunch box, plates, or other) to visually capture the size and
general appearance of items to subtract them from the food
consumed. Each entry contains the child’s identification number,
the photo forms to record the weight of the food, and whether
the photo was taken before or after the child’s meal. Leftover
food is weighed and photographed again at the end of the meal.
By subtracting the weighed leftovers from the weighed food
served, the food consumed will be obtained. The information
pertaining to energy, macronutrients, and micronutrients
consumed will be derived using Food Processor nutrition
analysis software (The Food Processor, Esha Research version
11.3.285). The final report will be exported to Microsoft Excel
where food groups based on the new CFG will be calculated
(new recommendations on the amount and type of food taken
by age group are not available as of June 2021 but will be used
once released by Health Canada).

The collated baseline and end point data will go through data
cleaning, processing, and quality control using protocols
developed in the Vatanparast Nutritional Epidemiology
laboratory. After creating the master data file including original
and derived variables of interest, such as the Nutrient Rich Food
index (9.3) [92], HEI [14] based on the new CFG, sex assigned
at birth, self-identified gender, age, grade, and neighborhood
of residence as a proxy for SES, the descriptive analyses will
provide the initial information on these variables. Categorical
variables (ie, HEI categories) will be summarized in frequency
tables. Regression models will examine changes from baseline
to the end point across key outcome variables including the
Nutrient Rich Food index scores, HEI scores, CFG servings,
and key nutrients (calcium, sodium, vitamin D, folate, and
calories from minimally nutritious food) and whether changes
differ between the control and intervention schools. Final models
will adjust for potentially confounding factors including sex
assigned at birth, self-identified gender, age, grade,
neighborhood of residence, and baseline dietary intake (for more
detail on identifying a priori potential confounders and
controlling for them, see Phase 5: Final Analysis and
Dissemination section below). We will also examine potential
interaction effects between the intervention and control groups
and age, sex, and gender (as detailed above in the sample
description) to assess whether the effect of the intervention on
dietary outcomes was modified by key student-level
characteristics. Clustering of students within the classroom and
schools (nonindependence) will be taken into account by
applying random-effects multilevel modeling approaches to
data.

RQ3: What is the difference in food-related KAP among child
participants in intervention schools after the implementation of
a comprehensive, curriculum-integrated universal school lunch
program as compared with children in control schools?

At baseline and at the end point in both intervention and control
schools, we will administer a survey of food-related KAP
adapted from the Individual Eating Assessment Tool (I-EAT)
to all participating students in grades 4-6 in the intervention and
control schools. According to the KAP model, knowledge (K)
accumulates and attitudes (A) change and these changes promote
changes in practices (P) over time. We cannot administer the
survey to children younger than grade 4 because of inconsistent
literacy levels before that age and older than grade 6 because
they will no longer be at the school at the end point. Given our
expected 80% response rate, we will have a sufficiently large
sample in these three grades only to carry out these analyses.
This survey was originally developed by Black et al [47,93-95]
and we have adapted and piloted it with 100 children. We
conducted a factor analysis of the pilot results for validation
and then made some additional minor changes following the
analysis, specifically removing four questions that did not add
relevant data. We included I-EAT questions on food, cooking
and nutrition knowledge and beliefs, confidence in participating
in various food-related activities, attitudes toward whole grains,
vegetable and fruit consumption, participation in learning about
food, nutrition and cooking, confidence in engaging in
food-related activities, engagement in food-related sustainability
practices, and demographics.[47,93,94] We will analyze I-EAT
derived outcome data and compare the differences at end point
between the intervention and control student data.

Further Quantitative Analyses
Analyses of plate-waste data and survey data will be conducted
using the intention-to-treat principle [96]. To assess the effect
of the intervention, we will use mixed-effect models using time
of measurement (baseline or end point), group (intervention or
control), and an interaction between time and group as fixed
effects (base model). The neighborhood of residence (proxy for
SES) will be used to determine whether SES influences the
response to the intervention. To account for clustering related
to repeated measures and because of sampling of students within
classes and schools, variables representing participants and
schools will be included as random effects in all models.
Additional models will account for potentially confounding
variables identified using directed acyclic graphs for each
outcome [97,98]. Directed acyclic graphs are used to identify
potential confounders using prespecified conceptual diagrams
and testing these using the data to increase the precision of
estimates and causal paths based on regression models. Analyses
will be conducted using the MIXED procedure in SAS version
9.4 (SAS Institute, Inc).

Phase 3: Qualitative Data Collection and Analysis
RQ1: What are the benefits and challenges faced in establishing
and administering a universal, curriculum-integrated healthy
school lunch program?

RQ4: What aspects of curriculum integration show promise in
enhancing food-related learning?
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We will collect qualitative data from the 2 intervention schools.
In the case study research, the investigator explores a bounded
system or case (a school) over time through detailed data
collection, drawing on multiple sources of information [99,100].
We have already conducted preintervention research in the
intervention schools examining the school food environment
using a tool called the School Food Environment Assessment
Tool (SF-EAT) [101]. SF-EAT assesses the integration of
healthy and sustainable food strategies in the school food
environment, including food availability, food preparation
facilities, gardening, composting, integration of food issues into
the curriculum, and availability of healthy and environmentally
sustainable food [101]. The administration of the SF-EAT tool
was complemented with key informant interviews on barriers
and facilitators for adopting the curriculum-integrated lunch
program.

We will use semiparticipant observation and key informant
interviews with school staff to evaluate the process of
implementing the curriculum-integrated school lunch programs
in the 2 intervention schools. We will study 3-5 individual
classrooms in different grades to detail the aspects of each case.
Observation will occur during (1) meetings when school staff
are planning for the establishment of the school lunch program;
(2) meetings when school staff are discussing curricular
integration; (3) during lunch preparation, service, and clean-up;
(4) when children are involved in preparation; and (5) during
other curriculum integration activities such as during lessons
involving growing vegetables. Observations will occur at
minimum for 1 school day each month in each school and at
school staff meetings as needed during the intervention period,
with key informant interviews occurring throughout.
Observations will be recorded using voice memos and field
notebooks, which will be transcribed or detailed upon leaving
the school at the end of the day. We will focus our data
collection on how the intervention is being carried out, including
challenges experienced and its fidelity to the original
intervention design. We will interview caregivers on their
perceptions of the program and behavioral changes they identify,
including caregivers of children who have never participated
in a school food program and those who have, across grades.

The qualitative data will document how schools establish a
universal lunch and parent perceptions of the program. Our
observations and interview questions will focus on the perceived
benefits and challenges of establishing and administering a
universal, curriculum-integrated healthy school lunch program
and on the aspects of curriculum integration that appear to show
promise in terms of enhancing food-related learning. The cases
will inform the establishment of programs on a larger scale and
in other contexts.

Interviews will be audio-recorded, transcribed verbatim, and
analyzed using NVivo software (QSR International) for coding
and theme development. Semiparticipant observation data will
be recorded as field notes during observation as well as
immediately after. Qualitative data will be analyzed initially in
an open coding process to allow for emerging themes, followed
by analysis using a priori generated code lists derived from the
literature and our RQs. Our analytical approach will build
concepts and themes inductively, testing and refining them with

participants [102]. This hybrid inductive and deductive thematic
analysis has been described by Fereday and Muir-Cochrane
[103]. A regular debriefing with the research team and key
school informants will assist in the refinement of concepts and
themes. These steps will strengthen the credibility and
dependability of the results [104,105]. Our contextualized
interpretation and meaning making with stakeholders is
consistent with Moss and Dahlberg [106] for research in
educational contexts.

Phase 5: Final Analysis and Dissemination
We will enter, clean, and analyze postintervention data. This
phase will include end-of-study knowledge translation (KT),
although because of the existing collaborative relationship
between the academic and nonacademic partners, KT will be
ongoing throughout the entire study. Although this study is
about filling gaps in the academic literature, it is also about
ensuring practice relevance. Everything from conceiving the
study to the development of RQs and practices has been and
will be conducted closely with the school division, the CHSF,
and other partners.

We have experience with integrated community-university KT
strategies, which have generated practice and policy change
[107-110], and we will apply what we have learned [111,112].
The inclusion of knowledge users or decision makers as
members of the research team will facilitate evidence-informed
decision-making and integrated knowledge transfer and
exchange. This collaborative approach informs and directs our
research and sharing of results and other outputs and is
consistent with the Canadian Institutes of Health Research
Guidelines for Research with Aboriginal People [113]. Although
the focus of this research is not Indigenous people, we believe
that these guidelines are relevant for all community-based
research. We will work closely with our partners to conduct KT
as needed and requested. Materials will be developed and
designed with the goal of their use in future programming.

Results

This study was funded in April 2020, but because of the
COVID-19 pandemic, data collection did not begin until May
2021. The intervention will begin in September 2021 and end
in June 2023, with end point data collection occurring in May
and June 2023. The case study research will begin in September
2021 and will be ongoing for the duration of the intervention.

Discussion

Principal Findings
In real-world settings, there are a number of potential challenges
to this research, some we can anticipate now and some we will
have to address as they come up. Fortunately, our team has a
wealth of experience conducting research with children and
school staff in the school environment. First, the research team
is also an intervention team. As we are piloting a type of
universal, curriculum-integrated intervention that is quite
innovative, we do not think that operating separately would be
either feasible or appropriate. Part of the strength of this research
is the collaboration, and we will draw on this with the intention
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that future research, once the intervention has benefited from
this intensive study, will be conducted separately from the
intervention.

We have already encountered the challenge of the COVID-19
pandemic. This project was funded in April 2020; however,
because of school closures between March and June 2020, and
the uncertainty of opening schools during a pandemic, the
project was delayed by a year. Baseline data were collected in
May and June of 2021. The intervention will begin in September
2021 with the new school year, but as of July 2021, we do not
know what new challenges will exist with case study data
collection because of the pandemic. We will need to adapt our
protocols to whatever public health measures are in place over
the 2 intervention school years.

We may encounter challenges with curriculum integration with
teachers and other school staff. To minimize this, we have
developed an intervention and research with the school division
and have already been collecting baseline data in the intervention
schools on current practices and needs. We have practiced
limited family and teacher engagement (due to the COVID-19
pandemic) within the schools and will adapt as needed to ensure
that both families and teachers continue to participate.

Next, although plate-waste studies are considered to be the best
approach available for collecting nutrition data, there are
limitations to conducting them in school settings. At baseline,
weighing and photographing the foods brought from home
before anything has been eaten at lunchtime and then again after

is relatively straightforward in our considerable experience, but
that would not capture any food shared between child
participants nor food eaten before and after. It is also difficult
to capture anything eaten outside of the lunch program as
plate-waste data collection must occur before and after eating
lunch only. This may mean that we slightly underrepresent what
is eaten at school. We will test our method by comparing
observations conducted during the case study with the
plate-waste data at both the baseline and at the end point.

There are limitations to what we can infer from the measurement
of KAP, but this is the most appropriate approach for a study
at this stage. We are not measuring aspects of health status
beyond nutritional outcomes. We are also collecting only
interview data on the perceptions of the program from parents.
We have limited our study in this way to keep it feasible but
are working on efforts to examine additional aspects of health.

Conclusions
Numerous national organizations are calling for a Canadian
school food program [52,114]. Up until now, hundreds of ad
hoc programs have been operating across the country. Although
they contribute to the health of participating children, a national
program has the potential to support the health and learning of
all Canadian children. The opportunity we have is to
systematically and comprehensively study a
curriculum-integrated school lunch program without precedent.
We have assembled a very strong team and a supportive research
environment to address complex issues, apply innovative
approaches, and translate our research findings into action.
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Abstract

Background: The current understanding of advanced Parkinson disease (PD) and its treatment is largely based on data from
outpatient visits. The most advanced and disabled individuals with PD are disconnected from both care and research. A previous
pilot study among older, multimorbid patients with advanced PD demonstrated the feasibility of interdisciplinary home visits to
reach the target population, improve care quality, and potentially avoid institutionalization.

Objective: The aim of this study protocol is to investigate whether interdisciplinary home visits can prevent a decline in quality
of life of patients with PD and prevent worsening of caregiver strain. The protocol also explores whether program costs are offset
by savings in health care utilization and institutionalization compared with usual care.

Methods: In this single-center, controlled trial, 65 patient-caregiver dyads affected by advanced PD (Hoehn and Yahr stages
3-5 and homebound) are recruited to receive quarterly interdisciplinary home visits over 1 year. The 1-year intervention is delivered
by a nurse and a research coordinator, who travel to the home, and it is supported by a movement disorder specialist and social
worker (both present by video). Each dyad is compared with age-, sex-, and Hoehn and Yahr stage–matched control dyads drawn
from US participants in the longitudinal Parkinson’s Outcome Project registry. The primary outcome measure is the change in
patient quality of life between baseline and 1 year. Secondary outcome measures include changes in Hoehn and Yahr stage,
caregiver strain, self-reported fall frequency, emergency room visits, hospital admissions, and time to institutionalization or death.
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Intervention costs and changes in health care utilization will be analyzed in a budget impact analysis to explore the potential for
model adaptation and dissemination.

Results: The protocol was funded in September 2017 and approved by the Rush Institutional Review Board in October 2017.
Recruitment began in May 2018 and closed in November 2019 with 65 patient-caregiver dyads enrolled. All study visits have
been completed, and analysis is underway.

Conclusions: To our knowledge, this is the first controlled trial to investigate the effects of interdisciplinary home visits among
homebound individuals with advanced PD and their caregivers. This study also establishes a unique cohort of patients from whom
we can study the natural course of advanced PD, its treatments, and unmet needs.

Trial Registration: ClinicalTrials.gov NCT03189459; http://clinicaltrials.gov/ct2/show/NCT03189459.

International Registered Report Identifier (IRRID): PRR1-10.2196/31690

(JMIR Res Protoc 2021;10(9):e31690)   doi:10.2196/31690
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Introduction

Background
Parkinson disease (PD) is the second most common
neurodegenerative condition; however, a substantial proportion
of patients with advanced PD are disconnected from clinicians
and researchers [1,2]. Many individuals with PD become
homebound because of the progressive motor and functional
disabilities that their disease imposes. Other comorbidities,
limitations, absence of a caregiver, distance from care, or a
combination thereof also contribute to a growing number of
homebound individuals with PD. Consequently, care becomes
fragmented or absent, increasing the likelihood of poor
outcomes, including medication errors and other complications
[3-6]. Caregivers bear the burden of meeting the needs of these
complex and often severely disabled patients. The resulting
caregiver strain often leads to institutionalization, excess
morbidity, and mortality [7-12].

Little is known about the natural progression of homebound
individuals with PD or their caregivers. PD can be staged using
the Hoehn and Yahr (HY) scale: HY 1 and 2 comprise mild
unilateral and bilateral motor symptoms, respectively; HY 3
signifies moderate symptoms with balance impairment;
advanced disease is indicated by HY 4, severe symptoms
necessitating an assistive device to walk; or HY 5, which
indicates a wheelchair or bedbound status. Our knowledge of
advanced PD, treatment strategies, quality of life (QoL), and
caregiver outcomes are based primarily on cohorts derived from
outpatient clinics. The most advanced and disabled individuals,
whose very disease creates tangible barriers to care, are often
unable to leave their homes for any variety of necessary clinical
visits or research opportunities [13]. An ongoing international
observational study is investigating the course of advanced or
late-stage parkinsonism [14]; however, this remains limited to
individuals accessing outpatient care.

The substantial economic burden of PD has been well described,
including a 2017 analysis reporting direct medical costs of US
$25.4 billion and an additional US $26.5 billion in indirect costs,
including unpaid caregiving time, time spent by the patient and
caregivers in contact with services, and lost productivity [15].

However, few economic analyses have been sufficiently
powered to examine the costs of care in advanced PD patients,
who comprise at most 6%-10% of the largest population-based
studies [16]. In a community-based UK PD cohort, direct costs
were 184% higher for HY 4-5 patients than HY 1, and indirect
costs were 31% higher [17]. In the multinational European Care
of Late-Stage Parkinsonism study, in which 93.9% (214/228)
of participants were stage HY 4-5, the mean annualized direct
care costs were €35,980 (US $42,697.43), which were 166% to
384% higher than previously reported cohorts [16].

In response to other chronic, complex, and disabling conditions
of older adults, home visits have re-emerged as a way to
maintain continuity of care, avoid institutionalization, and
improve QoL [18-21], with equivocal findings on
cost-effectiveness depending on the health care system [22-24].
Although the travel, time, and labor costs of home visits exceed
traditional outpatient visits, the opportunity to proactively
identify previously undetected symptoms, signs, and safety risks
may avert crises and acute health care utilization, offsetting or
potentially saving costs. The majority of home visit models are
interdisciplinary, incorporating primary care, nursing, and social
work [19,25-30]. Two specialized home visit programs for PD
have been described [31,32]; however, neither used
interdisciplinary care, addressed caregiver burden, or defined
the population served, the outcomes achieved, or programmatic
costs.

In a pilot study, we demonstrated the feasibility of delivering
comprehensive, expert, interdisciplinary care via home visits
for homebound patients with advanced PD and related disorders
[33]. In the initial cohort, 85 individuals with PD or related
disorders received 272 home visits over 2 years throughout New
York City by a traveling team of a movement disorder specialist,
a nurse, and a social worker. Nearly 70% of enrolled patients
were rated HY stage 4 or 5 at their first visit (severe symptoms
requiring an assistive device to ambulate, or being wheelchair
or bedbound, respectively), demonstrating the ability to reach
and recruit the target population. Both the program satisfaction
and retention exceeded 95%.

To better understand longitudinal changes in homebound
individuals, we enrolled a subset of those 85 individuals
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receiving clinical home visits in a 1-year prospective cohort
study. Among the 85, we excluded 58 (68%) individuals for the
following reasons: 11 (13%) had atypical parkinsonism, 7 (8%)
were non–English-speaking, and 4 (19%) each who died, moved
out of the catchment area, expressed no further need for home
visits, or declined participation before the enrollment visit,
respectively. Finally, we excluded 24 (28%) individuals because
of either impaired decisional capacity (Mini-Mental State
Examination [MMSE] <10 or nonverbal; 15/85, 18%), or
potentially impaired decisional capacity with MMSE <20 and
no caregiver to consent (5/85, 6%) or MMSE <20 and caregiver
with significant health issues or at risk for caregiver loss (4/85,
5%). However, in the 27 eligible individuals with advanced PD
consenting to four visits over 1 year, we found a marked
worsening of the Unified Parkinson’s Disease Rating Scale
(UPDRS) total score after 1 year, without an accompanying
decline in QoL [34]. Although our pilot results suggest that the
presumed parallel decline and inextricable connection between
PD severity and QoL may be disentangled, the study was limited
by size, had restricted geographic diversity, and lacked a control
group. To address sustainability and costs, we developed a
hybrid approach with the in-home nurse connecting to the
physician by video, and the social worker attending initial visits
in-home and subsequent visits by video alongside the physician,
creating a telehealth-enhanced home visit [35].

Objective
On the basis of this experience and subsequent modifications
as described, we present this protocol for a prospective study
of telehealth-enhanced home visits by a movement disorder
specialist, a nurse, and a social worker, compared with age-,
sex-, and HY stage-matched controls from a national,

longitudinal PD registry [36,37]. We hypothesize that providing
comprehensive, longitudinal, interdisciplinary, and in-home
consultation to individuals with advanced PD and their
caregivers might inform and transform care for this growing
population. By strategically adding telehealth, many
opportunities develop in terms of shared specialty care resources
across broader geographical regions [38-40]. We aim to
determine the impact of these quarterly home visits on (1)
patient QoL, (2) caregiver strain, and (3) caregiver depression
and anxiety. As an exploratory aim, we will conduct a budget
impact analysis to evaluate the feasibility and cost-effectiveness
of this model.

Methods

Study Setting and Design
The Interdisciplinary Home Visits for Parkinson’s Disease
(IN-HOME-PD) study is a single-center cohort study of
quarterly, interdisciplinary home visits enhanced by telehealth
for homebound individuals with advanced PD and their
caregivers. Enrolled patient-caregiver dyads are compared with
matched controls drawn from the Parkinson’s Foundation (PF)
Parkinson’s Outcome Project (POP). Recruitment began on
May 7, 2018. IN-HOME-PD participants are recruited from the
Rush University Medical Center PF Center of Excellence in
Chicago, Illinois. We are enrolling 65 pairs of patients and
caregivers. Screenings take place via electronic medical record
(EMR) chart review and phone call, whereas visit 1 assessments
take place in patients’ homes (Figure 1). Visits 2-4 are
performed where the patient resides at the time of the visit (eg,
home, skilled nursing facility, or nursing home).

Figure 1. Interdisciplinary home visits for Parkinson disease study structure, visit flow, and discipline-specific responsibilities at each visit. MD:
movement disorders specialist; RC: research co-ordinator; RN: nurse; SW: social worker; UPDRS: Unified Parkinson’s Disease Rating Scale.
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Patient Inclusion Criteria
The patients must be aged ≥40 years, be seen within the past 2
years at the Rush Movement Disorders Clinic with a diagnosis
of PD according to the UK PD Brain Bank criteria [41] from
their treating neurologist and HY stage 3-5 at the most recent
visit, have one or more criteria for advanced PD as delineated
in Textbox 1, and live within 30 miles of the Rush Movement
Disorders Clinic. The patients must have a caregiver willing to

serve as their study partner, with the respective inclusion and
exclusion criteria listed below. Finally, these patients must be
considered homebound [42], be community-dwelling (an
independent dwelling such as an apartment, condominium, or
house owned or rented by, or provided to or shared with the
patient), and either demonstrate the capacity to consent, or have
a consenting study partner and capacity to assent to participation
[43].

Textbox 1. Inclusion and exclusion criteria for Interdisciplinary Home Visits for Parkinson’s Disease patients and caregivers.

Interdisciplinary Home Visits for Parkinson’s Disease Patient

• Inclusion criteria

• Aged ≥40 years

• Diagnosis of idiopathic Parkinson disease by a neurologist

• ≥1 visit in the past 2 years at Rush Outpatient Movement Disorders Clinic

• Hoehn and Yahr stage 3-5 at the most recent clinical visit

• Reside within 30-mile radius of Rush University

• Community-dwelling and homebound

• ≥1 of the following criteria, as determined by the referring neurologist: Motor or cognitive fluctuations Multi-morbidity Medication
mismanagement Cognitive impairment Symptoms of depression and/or anxiety High risk for hospitalization or hospital readmission High
risk for nursing facility admission Suspected elder abuse Recent history of increased falls at home Suspected caregiver burnout ≥2 canceled
or no-show appointments with neurologist in past 12 months

• Caregiver willing to serve as study partner

• Capacity to consent or caregiver consent and assent or caregiver consent without dissent

• Exclusion criteria

• Severe psychiatric disorder interfering with ability to participate in the study, as determined by the referring neurologist or principal
investigator

• Non–English-speaking

• Atypical, vascular, or drug-induced parkinsonism

• Subjects without an informal caregiver

Interdisciplinary Home Visits for Parkinson’s Disease Caregiver

• Inclusion criteria

• Aged >30 years

• Unpaid individual spending an average of >20 hours weekly engaged in care-related tasks related to the patient-subject

• Capacity to consent

• Agree to participate in nested trial of caregiver peer mentoring

• Working telephone number at which participant can be contacted by study team

• Exclusion criteria

• Non–English-speaking

• Active psychosis or other severe psychiatric disease, as reported by participant or determined by study team member during screening

• Terminal illness (life expectancy <12 months)

Patient Exclusion Criteria
Patients are excluded from participation if they have a severe
unstable psychiatric disorder (exclusive of PD psychosis), are

non–English-speaking, or have an atypical form of parkinsonism
according to the most recent visit with their treating neurologist.
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Caregiver Inclusion Criteria
Caregivers must be aged ≥30 years; demonstrate the capacity
to consent; serve as a caregiver to the patient, defined as either
cohabitating with the patient or spending an average of >20
hours weekly engaged in unpaid care-related tasks; have a
working telephone; and agree to participate in a nested trial of
caregiver peer mentoring.

Caregiver Exclusion Criteria
Caregivers are excluded if they are diagnosed with a severe
psychiatric disorder, non–English-speaking, terminally ill (have
been told by a medical professional that they have <12 months
to live, by self-report), and hired and paid as a formal caregiver
in a part-time or full-time capacity.

Control Participants
The matched control participants are drawn from the POP
longitudinal registry [36]. Once all first visits are completed,
the team provides the PF with a deidentified data set containing
the age, sex, and HY stage of all patients at visit 1. The PF then
provides a subset of POP participants with at least two
consecutive annual visits and a caregiver study partner, matched
to patients by exact HY, sex, and age ±5 years). The pilot
feasibility data from the initial New York–based cohort (with
similar eligibility requirements to this study) indicated that we
could match 93% of those participants on sex, age, and HY
stage, to at least two POP controls. Sex, age, and HY stage were
selected as matching variables because of their association with
PD duration, severity, caregiver strain, and institutionalization
[37,44,45]. In the event of insufficient POP matches, the study
team will use propensity score matching rather than direct 1:1
matches.

Recruitment and Screening Strategies
The potential participants are identified and recruited by direct
referral from the Rush Movement Disorder Clinic neurologists
or via chart review. The study team presents the structure and
logistics, eligibility criteria, and referral process to referring
neurologists at regular intervals throughout the recruitment
period. Referring neurologists contact the coordinator directly
with the names of potential participants. The coordinator also
prospectively screens clinic schedules and retrospectively
queries the EMR for potential participants seen in the past 2
years. If a potential participant is identified in the EMR, the
coordinator confirms eligibility with the neurologist before
contacting the patient. Once potential participants are provided
with additional information about study requirements and
confirm interest in the study, visit 1 is scheduled. As of July
2021, recruitment is complete.

Clinical Assessment
As shown in Table 1, all assessments occur at quarterly visits
over a 365-day timeframe (with a 60-day window of flexibility).
Visits, interim follow-up calls, and documentation have all been
designed to incorporate principles of geriatrics, palliative care,
and best practices in the management of PD and to be integrated
into the EMR. At visit 1, the nurse, social worker, and
coordinator travel to the home and complete the capacity
assessment and informed consent process. The coordinator sets
up an internet hotspot and tests the tablet connectivity via a
Health Insurance Portability and Accountability Act
(HIPAA)–secure videoconferencing app. While the coordinator
arranges telehealth technology, the nurse assesses the patient
for the following: demographics, orthostatic vitals (or supine
vitals if bedbound), disease history, and comorbidities.
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Table 1. Study assessments.

Study visitInstrumentsDomains

4b3b2b1a

Patient

✓✓✓✓cStandardized initial and interim medical historyMedical history

✓✓✓✓Manual sphygmomanometerOrthostatic vital signs

✓Standardized questionnaireDemographics and PDd history

✓Self-administered comorbidity questionnaireComorbidities

✓✓✓✓Standardized questionnaireMedication reconciliation

✓✓✓✓UPDRSe INonmotor activities of daily living

✓✓✓✓UPDRS IIMotor activities of daily living

✓✓✓✓UPDRS IIIPhysical examination

✓✓✓✓UPDRS IVMotor complications

✓✓✓✓Hoehn and YahrPD stage

✓✓Abbreviated MoCAfCognitive assessment

✓Standardized questionnaireHome safety assessment

✓✓✓✓Standardized questionnaireResource utilization questionnaire

Quality of life

✓✓PDQ-39gQuality of life assessment, long form

✓✓PDQ-8hQuality of life assessment, short form

✓✓CSI-SFiProgram satisfaction

✓Telehealth satisfaction surveySatisfaction with telehealth visits

Caregiver

✓Standardized questionnaireDemographics

✓Self-administered comorbidity questionnaireComorbidities

✓✓✓✓MCSIjCaregiver strain

✓✓✓✓HADSkAnxiety and depression

✓✓✓✓Self-efficacy questionnaireSelf-efficacy

✓✓Abbreviated MoCACognition

✓✓✓CSI-SFProgram satisfaction

Postvisit follow-up

✓✓✓✓Semistructured template in electronic medical recordApproximately 4 week follow-up phone call

aVisit 1: coordinator, nurse, social worker present at home; movement disorder specialist present by video.
bVisits 2-4: coordinator and nurse present at home; social worker and movement disorder specialist present in real time via telehealth. Visit 4: 365 (SD
60) days after visit 1.
cDomain examined.
dPD: Parkinson disease.
eUPDRS: Unified Parkinson’s Disease Rating Scale.
fMoCA: Montreal Cognitive Assessment (four-item shortened version of MoCA used in the Parkinson’s Outcome Project, including immediate and
delayed five-item recall, oral trails, and category fluency).
gPDQ-39: Parkinson’s Disease Questionnaire.
hPDQ-8: Parkinson’s Disease Questionnaire-Short Form.
iCSI-SF: Client Satisfaction Inventory-Short Form.
jMCSI: Multidimensional Caregiver Strain Index.
kHADS: Hospital Anxiety and Depression Scale.
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At each visit, the nurse and dyad complete a medication
reconciliation and ensure that the EMR-documented medication
list and schedule align with actual administration at home.
Specifically, the nurse identifies medication strength and
frequency errors, expired medications, and duplicate
medications. The nurse also documents errors in omission (ie,
not taking prescribed medication) or commission (ie, actively
taking a discontinued or deprescribed medication). Any errors
detected are relayed to the movement disorder specialist and
addressed in the shared assessment and plan.

The nurse performs a standardized checklist-based home safety
assessment including the following: safe entrance and exit from
the home; fall risks within the home such as unstable throw
rugs, poorly lit hallways, or lack of handrails for indoor steps;
bathroom and bedroom safety, including bath or shower grab
bars, seats, and toilet aids; and presence of working fire alarms,
fire extinguishers, and an emergency escape plan.

The team measures both patient and caregiver cognition with
a shortened version of the Montreal Cognitive Assessment
(MoCA), mirroring the assessment used for POP participants
for comparability [36]. Items include immediate and delayed
five-item recall, oral trails, and category fluency. To minimize
priming or interference with the MoCA, the team engages the
caregiver in other assessments while the patient completes the
MoCA and vice versa.

The social worker assesses the caregiver’s demographics,
comorbidities, strain (Multidimensional Caregiver Strain Index
[MCSI]) [46], and mood (Hospital Anxiety and Depression
Scale) [47]. The caregiver completes surveys on self-efficacy
[48] and satisfaction with preintervention PD care using the
Client Satisfaction Inventory-Short Form (CSI-SF) [49]. Finally,
the social worker initiates a discussion of goals of care and
advance directives with the dyad.

After the nurse and social worker perform their assessments,
they call the movement disorder specialist to present their
respective data and develop a preliminary plan. While the team
members are conferring, the coordinator completes the
Parkinson’s Disease Questionnaire (PDQ-39) [50] and the
CSI-SF with the patient. For these two assessments, the
remaining team members are blinded, and both data collection
and entry are completed by the coordinator alone.

Once the nurse, social worker, and movement disorder specialist
have conferred, the telehealth component of the visit begins.
The movement disorder specialist joins the visit by video
(VidyoConnect, Vidyo Inc) and explores and addresses
symptoms and concerns. The movement disorder specialist
completes a physical examination using observation and
prompted actions supported by the nurse, including the Unified
Parkinson’s Disease Rating Scale (UPDRS) [51,52]. For rigidity
and postural instability items, the registered nurse assesses these
items in person with the movement disorder specialist’s
supervision. The movement disorder specialist determines the
HY score [53]. On the basis of all of the visit assessments, the
movement disorder specialist revises and presents a unified plan
to address symptoms and unmet needs. Before departure, the
team provides an after-visit summary, including an accurate
health-literacy–friendly medication schedule and relevant
educational material. Each team member completes a templated
note in the EMR and later collates it into a comprehensive
document shared with all health care providers involved in the
patient’s care. Patients are permitted to continue seeing any of
their existing health care providers during the course of the
study, including primary care providers.

Visits 2-4 (and their corresponding follow-up phone calls) are
identical to visit 1, with the following exceptions: the social
worker joins via telehealth, and the home safety assessment and
static measures, such as demographics, are omitted. At visits 2
and 3, the Parkinson’s Disease Questionnaire-Short Form
(PDQ-8) [54], a validated, shortened version of the PDQ-39, is
used. At visit 4, the full PDQ-39 is used, and the dyad completes
a telehealth satisfaction survey [55]. The duration of the visits,
including all clinical and study assessments, is approximately
90-180 minutes.

Follow-Up Calls
Approximately 4 weeks after each home visit, the team calls
the dyad to follow up on the care plan, any updates, and further
recommendations from the team or referring neurologist. Again,
this is documented in a templated telephone encounter (example
in Figure 2) and shared with the relevant team members. Interim
calls afford additional opportunities for the detection of clinical
deterioration and interdisciplinary case management and
intervention.
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Figure 2. Example of a follow-up phone call note for an interdisciplinary home visit for Parkinson disease in the electronic medical record using a
standardized template. MD: movement disorders specialist; PCP: primary care provider; PD: Parkinson disease.

Outcome Measures
The instruments illustrated in Table 1 are used to collect data
from the patients and their caregivers throughout the study.

IN-HOME-PD Patients Only
QoL is assessed using the PDQ-39 (visits 1 and 4) and PDQ-8
(visits 2 and 3). The former is a 39-item, eight-domain tool,
with each item scored 0 (never) to 4 (always). The latter is an
8-item version, with each item representing one PDQ-39 domain
[50]. Domain scores as well as a summary index score (0-100),
can be calculated, with higher scores signifying worse QoL.
PDQ-8 is administered at visits 2 and 3 to minimize assessment
time and avoid missing data if dyads are lost to follow-up before
visit 4. If the patient is unable to complete the PDQ-39 or PDQ-8
because of cognitive impairment, the caregiver may answer on
the patient’s behalf.

IN-HOME-PD Patients and Caregivers
Both patients and caregivers complete the CSI-SF to measure
participants’ satisfaction with the program. The CSI-SF is a
nine-item instrument used to assess client satisfaction with
multidisciplinary programs. Subjects indicate their satisfaction

on a 7-point Likert scale at baseline and at visit 4 [49]. At the
end of visit 4, dyads complete the telehealth satisfaction survey,
a 17-item instrument designed specifically for telemedicine
visits in patients with PD [56].

Caregivers Only
The MCSI is an 18-item tool measuring six dimensions of
subjective responses to stressors in caregivers [46]. Subscales
include physical strain, social constraints, financial strain, time
constraints, interpersonal strain, and demanding or manipulative
stress. Respondents are asked about the frequency with which
items apply, ranging from never to all of the time on a 5-point
scale. The 14-item validated Hospital Anxiety and Depression
Scale (HADS) measures anxiety and depression [47]. Scores
>8 for either anxiety or depression subscores indicate probable
symptoms. A nine-item scale measures symptom management
self-efficacy [48].

Budget Impact Analysis
The exploratory budget impact analysis takes a health care
system perspective based on provider time and health care
utilization [57]. Budget-related data include prospectively
captured research- and intervention-specific costs,

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e31690 | p.387https://www.researchprotocols.org/2021/9/e31690
(page number not for citation purposes)

Fleisher et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


telehealth-associated difficulties and delay, item purchases for
study use, health care utilization by the patient, and provider
time dedicated to their care. We capture health care utilization
via a standardized questionnaire from the POP, which includes
falls, emergency department visits, hospitalizations,
institutionalization, allied health referrals, outpatient care, and
binary data on the use of various PD medication categories. The
average health care utilization and cost per patient per year will
be compared with the use data available through the POP.

The total yearly costs will be divided into intervention and health
care utilization costs. The intervention costs are recorded by
the study team, who track their program-related activities, costs,
and time. Each team member is prompted on a monthly basis
to record 1 week’s worth of effort, indicating time spent on
study-specific tasks (ie, screening, visit scheduling and
preparation, travel, EMR charting, and both scheduled and
unscheduled interim calls). All entries are categorized as
intervention-related or research-related, and research-related
costs will be excluded from the analysis. Health care utilization
information will be described for the 12 months before and
following baseline for IN-HOME-PD and POP subjects, with
descriptive statistics for each category of health care utilization,
including emergency department visits, hospitalizations,
outpatient services, and use of various PD-related medication
categories. In addition, the proportion of subjects
institutionalized over the course of 1 year will be included. The
total yearly costs (intervention and health care utilization) per
IN-HOME-PD patient-year will be calculated and compared
with those of POP controls.

Primary End Point
The primary end point is the change in PDQ-39 over 1 year
between IN-HOME-PD patients and controls (visit 1 to visit 4
in IN-HOME-PD patients; annual POP assessments in controls).

Secondary End Points
Secondary end points include changes in caregiver strain within
IN-HOME-PD caregivers over 1 year and between
IN-HOME-PD caregivers and matched control caregivers, using
the MCSI. Additional secondary patient end points compared
between IN-HOME-PD patients and matched controls include
self-reported fall frequency, count and presenting complaint for
any emergency department visits and hospitalizations,
institutionalization, and death. Among the IN-HOME-PD dyads
only, we are assessing the change in caregiver anxiety,
depression, and self-efficacy, as these variables are not present
in the POP database. We are assessing telehealth satisfaction
and dyad satisfaction with IN-HOME-PD care, using the change
in CSI-SF from visit 1 to visit 4. Finally, exploratory end points
include the cost per visit and annualized cost per dyad based
on team member time and labor and modeled costs of health
care utilization (emergency department visits and
hospitalizations) among both IN-HOME-PD patients and
controls. Indirect costs, including time spent caregiving or lost
wages because of PD or caregiving, are beyond the scope of
this study and absent from the POP; thus, we did not include
them in this analysis.

Ethics Approval and Consent to Participate
The Rush University Medical Center Institutional Review Board
initially approved this study on October 25, 2017 (current
protocol version 8, dated March 19, 2020), and the trial is posted
in a national database (registration number NCT03189459). All
participants in this study (patients and their caregivers) provided
written informed consent. In the event that the patient lacks the
capacity to consent because of cognitive impairment, the
caregiver may consent on their behalf with the patient giving
assent. Participants may withdraw from the study and return to
their prior care provider at any time. If a caregiver wants to
withdraw but the patient wants to continue participation, a
suitable alternative caregiver, approved by the patient’s legally
authorized representative, must be willing and able to participate
to allow for the patient’s continued participation. If a suitable
caregiver is not willing and able to participate, the patient will
be withdrawn from the study, and the study team will reconnect
the patient with their prior care provider.

Sample Size
Our preliminary data and recruitment support our ability to
enroll 65 dyads in 16 months. On the basis of a 12% attrition
rate in our pilot New York–based cohort, we conservatively
planned for a 20% drop out rate in this larger study, yielding
52 dyads. This affords 79% power to detect a minimal clinically
important between-group difference of 6 in the PDQ-39
summary index [58-60] with a sample size of 50 pairs using an
estimated baseline mean of 52.0 (SD 15.0) and α=.05, using a
two-sided paired t test [61]. This is a conservative estimate
given our anticipated higher ratio of matched controls (3-4:1).
A sample size of 50 dyads yields 99% power to detect a 10-point
difference in change in MCSI (from a mean of 24 to 34, SD 8)
over 12 months compared with controls, as measured using a
two-sample paired-means test with a significance level of 0.05,
based on pilot data. The budget impact analysis is exploratory
in nature.

Data Collection and Monitoring
The team meets weekly, outside of study visits, to identify
potential issues with consent or assessment procedures, manage
any reported adverse events or unintended effects of home visits,
and monitor progress. A REDCap (Research Electronic Data
Capture) database was created to house the data, with quarterly
audits to ensure fidelity [62]. Data will be exported in
deidentified form to Stata 15 (StataCorp LLC) for analysis.

Statistical Analysis

IN-HOME-PD Patients
Demographics and confounders include race, ethnicity,
insurance, socioeconomic status (average household income
for zip code) [63,64], living situation (home or nursing facility),
PD duration (from the year of PD onset or diagnosis, if onset
unknown), cognition as measured in the POP using items from
the MoCA, and comorbidities (self-reported presence and
severity of heart and respiratory problems, diabetes, cancer,
arthritis, and other neurological disorders) The following items
not in the POP are used in analyses of program dyads only:
education, caregiver demographics (age, race, ethnicity, and
education), depression, hallucinations, motor severity (UPDRS),
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satisfaction with the program (CSI-SF), and telehealth
satisfaction [56].

Baseline demographics, PD characteristics, and QoL in program
and POP subjects, with categorical variables summarized by
frequencies and percentages, will be described. Continuous
variables will be assessed for normality and summarized as
mean and SD or median and IQR, as appropriate. Using
chi-square and two-tailed t tests, as appropriate, we will evaluate
the adequacy of matching [65,66]. We will compare the change
in Parkinson’s Disease Questionnaire-Summary Index (PDQ-SI)
over 1 year for each matched pair using a paired t test or
nonparametric Wilcoxon signed-rank test. If a subject dies or
is lost to follow-up, the last value of the PDQ-8 SI will be
carried forward [54]. We will analyze the association with
change in PDQ-SI for each demographic, confounder, and
covariate via multivariable analysis of variance to account for
matching. We will correct for multiple comparisons as
appropriate. We will construct a linear regression model with
change in PDQ-SI as the dependent variable and home visits
as the primary independent variable. We will use stratified linear
regression, accounting for matching variables, to assess the
contributions of each as potential confounders. Model building
will include manual stepwise backward elimination testing for
multicollinearity, confounding, and effect modification. Finally,
we will describe patient and caregiver satisfaction with the home
visit intervention and telehealth, respectively, analyzing patient
and caregiver predictors of change in satisfaction, or predictors
of dyadic discordance in satisfaction, if appropriate.

Caregivers
We will describe demographics and baseline caregiver strain,
anxiety, depression, and satisfaction with their loved one’s
preintervention PD care. We will compare within-subject
changes in MCSI over 12 months and between-subject changes
across IN-HOME-PD and POP caregivers. The last MCSI value
will be carried forward in the event of loss to follow-up. We
will evaluate the proportion of caregivers in each group with a
categorical change in strain (eg, from moderate to severe). We
will construct a linear regression model with change in MCSI
as the dependent variable, home visits as the primary
independent variable, and we will adjust for potential
confounders, such as caregiver and patient demographics and
cognitive impairment.

Budget Impact
We will describe health care utilization in the 12 months before
and following baseline, respectively, for program and POP
subjects. Health care utilization includes the limited data set
assessed in the POP, namely, self-reported frequency of
emergency department visits and hospitalizations, along with
their admitting diagnoses. In addition, at each home visit, we
gather the frequency of primary care, neurologist, and other
specialist visits, respectively, and the frequency of phone calls
or health portal electronic messages reported by the dyad in the
interim since the prior home visit. To calculate the costs of the
program (ie, intervention), we will include the study team’s
time spent on phone calls, emails, and other intervention-related
communication. We will exclude research-related program costs
(eg, coordinator time spent on questionnaires not directly

pertaining to clinical care) from the budget impact analysis. All
program component costs will be summed to calculate total
program costs, and program and health care costs will be
summed to calculate total costs. We will present descriptive
statistics for each category of health care utilization and the
proportion of subjects institutionalized over 1 year, defined as
a change in living situation from home to a skilled nursing
facility or nursing home. We will compare IN-HOME-PD with
POP subjects on hospitalizations, emergency department visits,
institutionalization, and total costs during the 1-year observation
period using chi-square and t tests, as appropriate. We will
determine the effect size of the intervention on each use category
and analyze the association between each category and each
demographic, confounder, and variable of interest via t test or
analysis of variance.

In the budget impact analysis, multivariable analyses will consist
of constructing two model types: (1) multivariable logistic
regression models for any hospitalization, emergency department
visit, or institutionalization within 1 year (three separate,
dichotomous outcomes), and (2) multivariable Poisson
regression models for counts of hospitalizations and counts of
emergency department visits (two separate count outcomes).
More complex models will be built as above, focusing on PD
duration, cognitive impairment, QoL, caregiver strain, and prior
use as confounders or effect modifiers in the relationship
between intervention and use. Using a dependent variable of
total costs, we will construct a generalized linear model with
log link and gamma distribution, testing for significant
differences in total costs by treatment status [67,68]. The
achievable savings estimate of implementing this program
nationwide will be calculated by extrapolating our results to
5% of the PD population (a conservative estimate of those seen
at PF Centers of Excellence) [36]. In sensitivity analyses of the
home visit intervention, we will vary the costs of team
composition, duration and cost of travel, and geographic region.

Results

This protocol was funded in September 2017 and approved by
the Rush Institutional Review Board in October 2017.
Recruitment began in May 2018 and closed in November 2019,
with 65 patient-caregiver dyads enrolled and having completed
visit 1. When the SARS-CoV-2 pandemic reached the United
States and lockdowns went into place in mid-March 2020, all
in-person portions of the home visits were converted to video
or phone visits on the participants’ own devices, if available,
and marked as pandemic-modified visits in the database for
subsequent analyses. All dyads enrolled at that time had already
completed at least visits 1 and 2. For these pandemic-modified
visits, the nurse obtains vital signs gathered on the dyad’s home
blood pressure monitoring cuffs, if available, and coaches the
caregiver through obtaining orthostatic vital signs. Medication
reconciliation is conducted by video or phone with the caregiver,
and the movement disorder neurologist conducts a remote
UPDRS examination by video whenever possible [52]. Given
the advanced stage of many IN-HOME-PD patients and the risk
of attrition, the study team determined that it would be preferable
to conduct modified quarterly visits on the predetermined
schedule rather than defer visits until after the pandemic. In
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exploratory analyses, we will identify differences in primary
and secondary outcomes, overall satisfaction, and telehealth
satisfaction among participants completing all visits per protocol
and those with pandemic-modified visits.

As of June 2021, all study visits have been completed. Matching
is underway, followed by data analysis, with results expected
to be published in fall 2021.

Discussion

Rationale for This Model
Our prior work in New York City identified an understudied
population of advanced homebound PD patients with high
symptom and caregiver burden and poor QoL who were
amenable to interdisciplinary home visits [33,34]. In pilot studies
of home visits, QoL did not significantly decline during the
yearlong follow-up, suggesting that expert care delivered
directly to the patient-caregiver dyad may mitigate some of the
decline previously deemed inevitable. Given the ethical
considerations of withholding care from those unable to access
it [69,70] and the high dropout rates seen in PD interventions
with waitlist controls [70,71], a randomized controlled trial of
interdisciplinary home visits is neither appropriate nor feasible.
However, matched controls can provide a reasonable comparison
group in this understudied population [69].

During the development of the model in 2014-2017, the
availability and use of video telehealth increased, with growing
interest and evidence to support telehealth as an effective care
model in PD [55,72,73]. Particularly in the pre-COVID era,
several limitations affected its implementation in the homebound
population, including possession of both relevant technology
and connectivity, digital literacy [74,75], and neuropsychiatric
and sensory impairments that would render unsupported
telehealth difficult or impossible, and therefore, reliance on a
care partner with the equipment and skills to facilitate telehealth
[76,77]. Cognitive interviews with pilot participants revealed
a significant amount of paranoia and apprehension regarding
new cameras, computers, wires, and other devices being brought
into the home. With these concerns in mind, we piloted several
telehealth models and determined that the use of a mobile
hotspot and tablet brought and operated by the study team, rather
than relying on the participants’ own devices or connectivity,

was the most efficient and acceptable. Telehealth connectivity
and overcoming the digital divide created by users, technology,
and internet and cellular barriers will remain an important
variable in studying any intervention reliant upon them.

Recruitment is an additional and anticipated challenge inherent
to a population that has eluded care and clinical research until
recently [14,78-80]. Identifying potentially eligible patients
through the EMR offers certain advantages; however,
documentation may not reflect the correct diagnosis, stage, or
presence of a caregiver. In some instances, the record may not
be updated in a timely manner following the patient’s demise;
thus, screening phone calls must be handled with sensitivity. In
addition, the labor and time intensity of the model required us
to determine a catchment area large and geographically diverse
enough to meet recruitment goals, however, circumscribed
enough to prevent extensive travel time and remain within state
boundaries because of licensure limitations.

Despite the challenges of reaching advanced homebound
individuals with PD and their caregivers before and during the
SARS-CoV-2 pandemic, the potential impact of this and
subsequent studies to aid in defining and ultimately addressing
QoL and caregiver strain in this population is significant. This
is among the first of several studies to longitudinally follow
such advanced, underserved patients and caregivers and report
on the trajectories of QoL, caregiver strain, and health care
utilization. This is also the first study to compare
interdisciplinary home visits to usual care for this population
and longitudinally investigates both patient, caregiver, and cost
outcomes. By standardizing the roles and responsibilities of
each team member, including video telehealth, and incorporating
templated documentation, this model may be leveraged to foster
continuity of care, effective interdisciplinary case management,
and improve QoL and caregiver strain for countless homebound
individuals with PD and other neurodegenerative diseases.

Availability of Data and Materials
The deidentified data sets generated and analyzed during this
trial will be available from the corresponding author upon
reasonable request. Data from all control subjects were
retrospective and available to the investigators by request to the
PF.
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REDCap: Research Electronic Data Capture
SI: summary index
UPDRS: Unified Parkinson’s Disease Rating Scale

Edited by T Derrick; submitted 30.06.21; this is a non–peer-reviewed article;accepted 06.07.21; published 14.09.21.

Please cite as:
Fleisher JE, Hess S, Sennott BJ, Myrick E, Wallace EK, Lee J, Sanghvi M, Woo K, Ouyang B, Wilkinson JR, Beck J, Johnson TJ, Hall
DA, Chodosh J
Longitudinal, Interdisciplinary Home Visits Versus Usual Care for Homebound People With Advanced Parkinson Disease: Protocol
for a Controlled Trial
JMIR Res Protoc 2021;10(9):e31690
URL: https://www.researchprotocols.org/2021/9/e31690 
doi:10.2196/31690
PMID:34238753

©Jori E Fleisher, Serena Hess, Brianna J Sennott, Erica Myrick, Ellen Klostermann Wallace, Jeanette Lee, Maya Sanghvi,
Katheryn Woo, Bichun Ouyang, Jayne R Wilkinson, James Beck, Tricia J Johnson, Deborah A Hall, Joshua Chodosh. Originally
published in JMIR Research Protocols (https://www.researchprotocols.org), 14.09.2021. 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. 9 |e31690 | p.395https://www.researchprotocols.org/2021/9/e31690
(page number not for citation purposes)

Fleisher et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/2021/9/e31690
http://dx.doi.org/10.2196/31690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34238753&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

The Food Equity and Environmental Data Sovereignty (FEEDS)
Project: Protocol for a Quasi-Experimental Study Evaluating a
Digital Platform for Climate Change Preparedness

Jasmin Bhawra1, PhD; Kelly Skinner2, PhD; Duane Favel3, BEd; Brenda Green4, MEd; Ken Coates1, PhD; Tarun

Reddy Katapally5, PhD
1Johnson Shoyama Graduate School of Public Policy, University of Saskatchewan, Saskatoon, SK, Canada
2School of Public Health Sciences, University of Waterloo, Waterloo, ON, Canada
3Northern Village of Île-à-la-Crosse, Île-à-la-Crosse, SK, Canada
4Île-à-la-Crosse School Division, Île-à-la-Crosse, SK, Canada
5Johnson Shoyama Graduate School of Public Policy, University of Regina, Regina, SK, Canada

Corresponding Author:
Jasmin Bhawra, PhD
Johnson Shoyama Graduate School of Public Policy
University of Saskatchewan
101 Diefenbaker Place
Saskatoon, SK, S7N 5B8
Canada
Phone: 1 3065854544
Email: jasmin.bhawra@usask.ca

Abstract

Background: Despite having the tools at our disposal to enable an adequate food supply for all people, inequities in food
acquisition, distribution, and most importantly, food sovereignty, worsen food insecurity. The detrimental impact of climate
change on food systems and mental health is further exacerbated by a lack of food sovereignty. We urgently require innovative
solutions to enable food sovereignty, minimize food insecurity, and address climate change–related mental distress (ie, solastalgia).
Indigenous communities have a wealth of Traditional Knowledge for climate change adaptation and preparedness to strengthen
food systems. Traditional Knowledge combined with Western methods can revolutionize ethical data collection, engagement,
and knowledge mobilization.

Objective: The Food Equity and Environmental Data Sovereignty (FEEDS) Project takes a participatory action, citizen science
approach for early detection and warning of climate change impacts on food sovereignty, food security, and solastalgia. The aim
of this project is to develop and implement a sustainable digital platform that enables real-time decision-making to mitigate
climate change–related impacts on food systems and mental well-being.

Methods: Citizen science enables citizens to actively contribute to all aspects of the research process. The FEEDS Project is
being implemented in five phases: participatory project planning, digital climate change platform customization, community-led
evaluation, digital platform and project refinement, and integrated knowledge translation. The project is governed by a Citizen
Scientist Advisory Council comprising Elders, Traditional Knowledge Keepers, key community decision makers, youth, and
FEEDS Project researchers. The Council governs all phases of the project, including coconceptualizing a climate change platform,
which consists of a smartphone app and a digital decision-making dashboard. Apart from capturing environmental and health-related
big data (eg, weather, permafrost degradation, fire hazards, and human movement), the custom-built app uses artificial intelligence
to engage and enable citizens to report on environmental hazards, changes in biodiversity or wildlife, and related food and mental
health issues in their communities. The app provides citizens with valuable information to mitigate health-related risks and relays
big data in real time to a digital dashboard.

Results: This project is currently in phase 1, with the subarctic Métis jurisdiction of Île-à-la-Crosse, Saskatchewan, Canada.

Conclusions: The FEEDS Project facilitates Indigenous Peoples’ self-determination, governance, and data sovereignty. All
citizen data are anonymous and encrypted, and communities have ownership, access, control, and possession of their data. The
digital dashboard system provides decision makers with real-time data, thereby increasing the capacity to self-govern. The
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participatory action research approach, combined with digital citizen science, advances the cocreation of knowledge and
multidisciplinary collaboration in the digital age. Given the urgency of climate change, leveraging technology provides communities
with tools to respond to existing and emerging crises in a timely manner, as well as scientific evidence regarding the urgency of
current health and environmental issues.

International Registered Report Identifier (IRRID): PRR1-10.2196/31389

(JMIR Res Protoc 2021;10(9):e31389)   doi:10.2196/31389

KEYWORDS

food security; food sovereignty; food equity; mental health; solastalgia; climate change impacts; climate change preparedness;
digital health; digital dashboards; Indigenous health; mobile phone

Introduction

Background
Climate change poses an existential threat, with inevitable
consequences for human health and food systems [1-6]. The
global impact of climate change is well established and is
commonly classified into direct and indirect effects, ranging
from extreme heat and poor air quality to extreme weather
events that damage infrastructure and increase health risks [7-9].
The complex and nuanced effects of climate change on food
security and sovereignty warrant special attention as we strive
for inclusive and equitable climate action.

Food systems include interlinked systems of production,
processing, distribution, and consumption [5,10,11]. Indigenous
food systems are particularly sensitive to climate change, as
many Indigenous communities live in areas experiencing rapid
environmental changes. Moreover, competing demands for land
due to expanding resource extraction have adversely impacted
the subsistence of Indigenous communities [12-16]. As a result,
even subtle changes in the environment can have a
disproportionately greater impact on Indigenous Peoples’ food
security and sovereignty [17-19].

Food security exists “when all people, at all times, have physical,
social, and economic access to sufficient, safe, and nutritious
food which meets their dietary needs and food preferences for
a healthy, active life” [20]. For many Indigenous communities,
the issue of food sovereignty is as critical to their survival as
having adequate food supply [21-26]. Food sovereignty refers
to the “right of local peoples to control their own food systems,
including markets, ecological resources, food cultures, and
production modes” [27]. This includes the right to define their
own food systems, the ability to make decisions about
consumption, harvesting practices, and relationship with the
land [24,25,28-30]. Food sovereignty is a necessary component
of cultural food security—a distinct but overlapping concept
[24]. Households or communities can have food security without
food sovereignty; however, there is no sovereignty without food
security [21-24,31].

Despite having the tools at our disposal to enable adequate food
supply for all, inequities in income, food access and distribution,
and most importantly, food sovereignty, worsen food insecurity
[30,32-34]. The detrimental impact of climate change on food
systems is further exacerbated by a lack of food sovereignty
[23,35-38]. Failure of these systems is linked to a troubling
decline in mental health [39,40] and diet-related chronic disease

(ie, type 2 diabetes, obesity, and hypertension) [41,42],
particularly among Indigenous and racialized communities.
These communities also face the brunt of climate change impacts
and have the least control over their food access [13,43-48].
Solastalgia, which refers to the mental distress caused by
environmental degradation and changes, is of increasing concern
as environmental disasters and biodiversity loss have become
more frequent and severe due to climate change [49]. Solastalgia
may include ecological grief or eco-anxiety resulting from
unanticipated ecological losses and uncertainty about the
changing environment [49].

In rural and remote communities, climate change–related risks
and their interplay with food systems and solastalgia can be
consistently monitored using sophisticated early warning and
response systems to improve the management of food and
related mental health crises [1,50,51]. Such advanced monitoring
can be facilitated through real-time engagement via ubiquitous
digital devices such as smartphones. Smartphones can serve as
tools of equity by amplifying the voices of isolated citizens and
communities, as well as providing citizens with timely access
to resources and information [52-54]. Community-based data
collection improves monitoring and adaptation to environmental
changes as Indigenous communities have a wealth of knowledge
and experience in coping with environmental changes [1,55-57].
The integration of Western methods and Traditional Knowledge
using Two-Eyed Seeing approaches is critical for developing
and implementing climate change solutions in partnership with
Indigenous communities [1,58-62].

Objective
We urgently require innovative solutions to enable food
sovereignty and minimize food insecurity and solastalgia. In
the digital age, citizen science can revolutionize ethical data
collection, engagement, and knowledge mobilization. The Food
Equity and Environmental Data Sovereignty (FEEDS) Project
takes a participatory action, citizen science approach for early
detection and warning of climate change impacts on food
security, sovereignty, and solastalgia. The objective of this
project is to customize and implement a sustainable digital
platform that enables real-time decision-making and engagement
among community members, decision makers, and researchers.
On the basis of the principles of Two-Eyed Seeing [60], this
study aims to partner with Indigenous communities for early
detection and management of climate change as it relates to
probable impacts on food systems and human health using a
digital rapid response platform. This paper describes the FEEDS
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Project protocol and its application in a subarctic Indigenous
community in Canada.

Methods

Study Design
The FEEDS study is being implemented using a
quasi-experimental design, which enables exploration of the
links between environment, mental health, and food systems.
The primary goal is to understand how early detection of climate
change risks influences decision-making to improve
management of solastalgia, food access and acquisition
practices. The quasi-experimental design allows for the capture
of natural experiments (ie, food system impacts resulting from
environmental changes such as early ice road thaw) and pre-
and posttests to assess the influence of specific climate change
adaptation strategies. Pre- and posttests will include collecting
data at baseline (before the implementation of a climate change
preparedness or adaptation strategy) and at several time points
after the implementation of a strategy. These data will elucidate
changes in the knowledge or perceptions of community members
about climate change impacts, changes in preparedness and
adaptation behaviors, and specific effects of strategies on
outcomes including food security status, food sovereignty, and
solastalgia. Overall, this study design provides the flexibility
required to adapt to emerging community needs over time.

FEEDS is part of the Smart Platform (DEPtH Lab) [53], a digital
epidemiological and citizen science initiative that enables ethical
surveillance, integrated knowledge translation, and behavioral
and policy interventions. This platform is informed by the Smart
Framework, a theoretical framework [52] that integrates citizen
science, community-based participatory research, and systems
science to conduct population health research in the digital age.

Citizen science facilitates active citizen participation in all
phases of research, and when combined with community-based
research methods, it can enable local solutions to global
problems [52]. When added to systems science, this approach
offers a unique opportunity to capture a holistic perspective and
unpack underlying mechanisms for complex problems using
big data [52]. More importantly, in partnership with Indigenous
researchers, the platform integrates the Smart Framework with
the principles of Ownership, Control, Access, and Possession
[63] to not only coconceptualize features and cocreate
knowledge but also to ensure data sovereignty through
community ownership of data. The FEEDS study highlights
Traditional Knowledge about the environment and food systems,
Indigenous research methods, and Western digital citizen science
methods to facilitate Two-Eyed Seeing.

Setting
This project is being implemented first in a subarctic community
with road access in northwest Saskatchewan, Canada, the
Northern Village of Île-à-la-Crosse. Sakitawak, the Cree name
for Île-à-la-Crosse, translates to the place where the river flows
out [64]. Sakitawak represents the geographic location of the
community on the lake of Île-à-la-Crosse, which made it a
strategic location for the fur trade. Established in 1778,
Île-à-la-Crosse is the second oldest community in Saskatchewan,

with a population of approximately 1300 [64]. The median age
of residents was 29 years in 2016, with approximately 65% of
residents aged 15 to 64 years. Île-à-la-Crosse is a predominantly
Métis community (77%), and Northern Michif is the traditional
language [65]. The community celebrates the heritages of both
European and First Nations. Commercial fishing, wild rice
harvesting, forestry, a hospital, and a school are the primary
sources of employment in the community. Mobile and Wi-Fi
internet plans provide data access to community members, with
most citizens aged ≥13 years owning smartphones. Moreover,
the presence of a cell tower in Île-à-la-Crosse offers reliable
access to cellular data. Wi-Fi and cellular data access vary
widely within and between communities; hence, it is not always
the case that remote communities have lower access.

Citizen Scientist Recruitment and Engagement
Citizen science can range from contribution and collaboration
to the cocreation of knowledge with citizens [52]. This project
was coconceptualized with the Île-à-la-Crosse Citizen Scientist
Advisory Council, which includes youth, Elders, Indigenous
Knowledge Keepers, and decision makers of the jurisdiction of
Île-à-la-Crosse. The primary role of the Advisory Council is to
represent the interests of the community members and guide
the governance of project development, implementation, and
evaluation. All Council members are provided with Can $150
(US $119.30) as honoraria for each meeting to respect their time
and guidance.

The Council leads the citizen recruitment strategy. Community
members aged 13 years and older are invited to participate in
the project as citizen scientists. Citizen scientists can actively
engage in the research process from data collection to knowledge
translation [52,53,66]. Citizen scientists determine their level
of participation, but unlike traditional research projects, they
can contribute to cocreating project objectives as community
needs change. This participatory approach ensures that citizens
are not passively providing data and can instead engage with
researchers and decision makers to shape solutions or outcomes
of interest. For example, citizens can anonymously and directly
communicate information about a community emergency with
decision makers through a front-end mobile app via a
user-triggered messaging system. Citizen science also plays an
important role in facilitating self-determination and
self-governance, as citizens are stewards of their own data and
decision-making in the community.

To obtain a representative community sample, the recruitment
and engagement strategy aims to enroll citizens across various
sociodemographic, gender, and digital literacy categories. Key
decision makers and knowledge keepers are first approached
to identify appropriate venues for engagement to invite citizens
to the FEEDS Project. Inclusion criteria includes citizens aged
≥13 years who own or have access to smartphones. Citizens are
recruited by disseminating project information through social
media, the community radio station, the office of the Mayor,
and the email list of the school board. Given the urgent and
sensitive nature of addressing climate change impacts on mental
health and food systems, the Advisory Council does not consider
it ethical to randomize or limit citizen participation in this
project [67].
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Study Protocol

Overview
This study is being implemented in five iterative phases in
partnership with the Northern Village of Île-à-la-Crosse. The
phases include: (1) participatory project planning, (2) digital

platform customization, (3) community-led evaluation, (4)
digital platform and project refinement, and (5) integrated
knowledge translation. Figure 1 summarizes the FEEDS Project
phases (leaves), associated tasks and timelines, and the core
principles (roots) of self-determination, relationships with
communities, data sovereignty, and capacity building.

Figure 1. The Food Equity and Environmental Data Sovereignty Project overview.

Phase 1: Participatory Project Planning (0 to 6 Months)
The project is currently in phase 1, with the Advisory Council
convening with the lead FEEDS researchers once every 2
months. The main agenda for the Council meetings revolves
around the following themes: (1) rapid response to
environmental disasters or hazards; (2) sustainability of the
digital platform; (3) food and data sovereignty; (4) real-time
intervention design for mental wellness; (5) citizen engagement
features of the smartphone app; and (6) decision-making
dashboard features and functionality. As part of this process,
the Council has identified existing and emerging needs to
address climate change–related impacts on community health.
In phase 1, we are completing an environmental scan to create

an inventory of available resources and programming for food
security and sovereignty, solastalgia, and mental wellness, as
well as climate change adaptation and preparedness strategies
in the community. The findings from this scan will inform digital
climate change platform customization.

Phase 2: Digital Climate Change Platform Customization
(6-12 Months)
As part of the Smart Platform [53], a digital platform has been
developed to address existing and emerging population health
crises. Using citizen-owned smartphones, a mobile app can be
downloaded by citizens to share information about relevant
community issues. Data from this app are relayed in real time
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to a digital decision-making dashboard that is securely accessed
by the Mayor of Île-à-la-Crosse.

Given the increasing concern over the adverse impacts of climate
change on food systems and health, this digital platform is being
adapted to capture relevant environmental, food, and
solastalgia-related data in the community of Île-à-la-Crosse
(Figure 2). The Advisory Council is leading the conversation
regarding customization of digital platform features to address
three key objectives: (1) ethical monitoring of risk that is
conducted by engaging citizens in real time, (2) real-time
interventions to mitigate risk by providing citizens with

community-specific alerts, and (3) implementation of a digital
decision-making dashboard to facilitate Indigenous
self-governance and data sovereignty. There are three guiding
principles that will enable the achievement of these objectives:
(1) citizen empowerment and data ownership to maximize active
engagement, (2) privacy to ensure that sensitive data such as
citizen location are not stored in external servers [52,53], and
(3) security and scalability to replicate the platform across
multiple jurisdictions. The office of the Mayor is leading the
development and coordination of rapid response strategies in
the community.

Figure 2. Prototype of the digital dashboard for decision-making.

Phase 3: Community-Led Evaluation (Ongoing)
After an initial needs assessment, process evaluations will be
conducted throughout the project to ensure that the app and
dashboard are designed with relevant features for citizens and
decision makers. Textbox 1 summarizes the key questions to

be addressed by each evaluation type. The timeline of the
evaluations is set by the Advisory Council; however, a needs
assessment was conducted at the beginning of the project, with
process evaluations scheduled annually. A consistent evaluation
will ensure that updates and improvements are made to the
platform in a timely manner.
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Textbox 1. Summary of evaluation activities.

Needs assessment (year 1)

• What are the key concerns of the community regarding?

• Food security and sovereignty

• Climate change and environmental events or hazards

• Existing and emerging mental health issues as they relate to climate change (ie, solastalgia and eco-anxiety)

• What types of programming, services, or resources are available to address?

• Food insecurity and sovereignty (including but not limited to food access, availability, and traditional food acquisition practices)

• Climate change and/or environmental events (ie, environmental hazards and changes in biodiversity and/or wildlife)

• Community mental health

• What technology, if any, is the community currently using to address concerns above?

• What services, resources, and knowledge would help improve the community’s response to concerns above?

• How does the community envision the digital platform (app+dashboard) to address climate change, food systems, and related mental health
issues?

• What features would be useful in the digital platform?

Engagement or evaluation activity

• Environmental scan

• Advisory Council consultation

• Key informant interviews

• Indigenous Knowledge Keepers

• Community Mayor

Process evaluation (annually)

• To what extent has the digital platform helped the community address issues related to?

• Food security and sovereignty

• Climate change and environmental events or hazards

• Related mental health issues

• To what extent has the digital dashboard helped decision makers respond to issues related to the concerns above?

• What are some areas of improvement for the digital platform (app+dashboard)?

• Are there differences between app users and nonusers?

• Are certain subgroups more or less likely to use certain app features?

Engagement or evaluation activity

• Key informant interviews

• Evaluation survey administered via smartphone app (modified Mobile App Rating Scale [68] and Knowledge Uptake and Utilization Tool [69])

• Focus groups with citizens (groups of 6-8 people with representation from sex- and gender-diverse citizens, across age groups, as well as app
user and nonuser groups)

Phase 4: Digital Platform and Project Refinement (12-18
Months)
Consistent, evidence-based adaptation of the digital platform
will be conducted using big data ethically sourced from citizens.
These adaptations ensure that both dashboard data analytics and
app-based engagement are continuously enhanced. As digital
dashboards are designed in close collaboration with the decision

makers, the evaluation activities will engage decision makers
at regular intervals to obtain their feedback to advance data
analytics based on their needs. This process is also part of the
overarching phase of integrated knowledge translation.

Real-time engagement is a critical part of this project; thus, the
engagement strategy will be adapted and refined throughout the
project to encourage citizen participation. Using human-centered
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artificial intelligence and citizen science, the platform improves
engagement continuously by refining the app based on citizen
input. As engagement will depend on behaviors, emotions,
expectations, and perceptions of the citizens, human-centered
artificial intelligence will develop solutions that will capture
the context and intention of these factors to further
human-machine (app) interactions. For example, if a particular
citizen is engaging more during the early morning due to their
work schedule, the platform will develop algorithms to engage
that citizen in the morning. This approach will enhance
evidence-based engagement, improve the reliability and validity
of artificial intelligence algorithms, and continuously refine the
product codeveloped with citizens.

Overarching Phase: Integrated Knowledge Translation
(Ongoing)
The success of this platform will depend on the overarching
phase of integrated knowledge translation that integrates the
Smart Framework [52] with Traditional Knowledge to ensure
Two-Eyed Seeing [60] in the project conceptualization,
development, implementation, evaluation, and refinement. The
Smart Platform combines citizen science, community-based
participatory research, and systems science to conduct
population health intervention research in the digital age [52,53].
By integrating this approach of the framework with the
Traditional Knowledge of Indigenous communities, we are
working to decolonize how big data and artificial intelligence
are used in advancing equity. Integrated knowledge translation
ultimately promotes community input for climate adaptation
strategies at every phase and is critical for vertical (to larger
communities) and horizontal (increasing platform features)
scale-up.

Knowledge translation activities include knowledge sharing via
the digital platform with citizens and decision makers,
web-based and in-person events, social media, local radio, as
well as reports and publications. An important aspect of data
sovereignty is the control of where, with whom, how, and when
project data are shared. Hence, the data collected through the
FEEDS Project belong to the citizens and community where
the project is based, and Île-à-la-Crosse along with the Citizen
Scientist Advisory Council guides data governance.

Data Collection and Analysis
This project collects quantitative and qualitative data by
engaging citizens through the FEEDS app. In particular, data
on environmental changes, hazards, and events are collected to
track the environmental impacts on community food systems
and mental health. Food-specific data, including food
availability, access, acquisition practices, and connections to
environmental conditions, are used to identify resources,
programming, or policy solutions within the community. Impacts
on health are also tracked by asking citizens about their mental,
physical, spiritual, and emotional well-being. These
time-stamped big data include both subjective ecological
momentary assessments and objective sensor data [52].

Traditional Knowledge, citizen perspectives, and decision maker
feedback are critical to understanding knowledge uptake and
use, as well as designing and delivering culturally responsive

interventions for climate change preparedness, food sovereignty,
and solastalgia. The smartphone app, focus group discussions,
and key informant interviews will capture relevant contextual
information to understand specific issues in the community,
barriers to, and opportunities for climate change adaptation and
preparedness. Qualitative data collection, particularly digital
storytelling, can play an important role in passing Traditional
Knowledge to future generations in the community.

Big data from FEEDS can be linked with data from other
databases, including repositories of climate change (ie, Arctic
observatories) and weather data (ie, Environment and Climate
Change Canada) to leverage existing sources that have historical
and prospective data that will enhance prediction models.

All citizen data will be anonymized; however, citizens have the
option to identify themselves to community decision makers to
seek help. Before data collection, citizens provide informed
consent using the app. To ensure confidentiality, data are
encrypted before being stored on smartphones and streamed to
servers when the devices establish a Wi-Fi connection.
Permissions built into the app are restricted so that the app
cannot access personally identifiable information that is present
on smartphones (eg, contact lists or network sites visited). MAC
address anonymization is used to protect citizen scientists’data.
Citizens are also introduced to the pause functionality—a key
privacy component—which allows participants to disable
monitoring for a set duration. In the case of lost or stolen phones,
participants do not have to worry about data breaches, as study
data on phones are strongly encrypted. Once data have been
uploaded, they are stored on the secure University of
Saskatchewan servers for 10 years.

All citizen scientists will have the option to drop out of the study
through the app anytime they wish. Moreover, citizens will be
provided with study emails to contact the investigators with
questions and concerns and to remove themselves from the
study anytime they wish.

Mixed methods analyses will be conducted immediately after
data collection to ensure timely dissemination of findings, which
may impact app features and/or community decision-making.
Each short- and long-term objective will be assessed beginning
with descriptive analyses to generate accurate population or
subpopulation profiles. This will enable all further regression
analyses to consider the intersection of multiple identities and
sex and gender variations. Profiles that reflect the behavior or
outcomes of subpopulations will be constructed. For example,
sex and gender differences in the perception of app features and
usefulness in association with age and digital literacy status
(urban, rural, and remote) will be delineated to enable refinement
of the platform. Missing data will be rigorously explored and
addressed appropriately to ensure maximum use of objective
and subjective data. Missing patterns will be explored before
applying imputation or deletion strategies for different
mechanisms: ignorable missing (random missing) and
nonignorable missing [70]. Comprehensive exploration will
also be conducted to identify potential ignorable missing
(random) or nonignorable missing data across the intersection
of sex and gender spectra. As variation in app use is expected
among citizens, understanding and addressing missing data
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through imputation or deletion strategies will be critical to
address the project objectives [70].

Results

The FEEDS Project is currently in phase 1. The Advisory
Council is comprised of 8 citizen scientists, including 4 youth,
2 Elders, and 2 decision makers. Other communities in the north
will be invited to collaborate and customize the digital platform
as part of the FEEDS scale-up. The FEEDS Project was
approved by the research ethics boards of the University of
Regina and the University of Saskatchewan through a
synchronized review protocol (REB# 2017-29).

Discussion

Food equity and environmental data sovereignty are key
components of climate justice. Food equity includes the right
for all people to consume, grow, and acquire healthy and
affordable food and involves eliminating systemic barriers
within food systems [27,28,71,72]. Food equity requires food
security and food sovereignty and promotes the ability of
citizens to participate in decision-making about food systems
[73,74]. The sovereignty of environmental and health data within
this study is critical, especially for Indigenous communities to
enable self-governance.

The FEEDS Project takes a decolonized approach to research
using the Smart Framework and principles of Two-Eyed Seeing.
The unique digital platform promotes data sovereignty, as
communities are the stewards of their own data. The issues of
climate change, food inequity, and solastalgia require innovative
solutions. The rapid response enabled via digital platforms
combined with the wealth of Traditional Knowledge about the
environment and food systems is essential not only to address
these issues in partnership with Indigenous communities but
also for conversations about climate action and justice, globally.

Citizen science has played a vital role in the ecological sciences
and has great potential to combat existing and emerging health
crises if citizens’data can be anonymized and effectively shared
with citizens and their communities [52]. The FEEDS Project
demonstrates how advancing citizen science can enable big data
generation to address complex issues that intersect multiple
disciplines and sectors.

For this initiative to be successful, capacity building is critical
for ongoing work with the jurisdiction of Île-à-la-Crosse. The
FEEDS Project provides a digital infrastructure for monitoring,
managing, and eventually mitigating adverse climate
change–related impacts on local food systems and mental health.
Ultimately, community capacity will ensure the sustainability
of this infrastructure. The Advisory Council provides a space
for community members, including youth and Elders, to meet
and learn from one another. In Île-à-la-Crosse, adjacent
initiatives, including digital literacy programs, are being set up
to ensure accessibility and inclusion of community members
across all age groups. The FEEDS Project can be adapted and
scaled up to other northern communities facing similar
environmental and food system challenges.

In addition to the data ownership and privacy concerns covered
in the Methods section, another contextual consideration for
project success is addressing internet inequity. Internet inequity
refers to differential access to the internet based on the wealth
of a country (high-, low-, or middle-income), geographic region
(urban, rural, or remote), and socioeconomic status, gender,
age, or ethnicity of the citizens [52]. Rural and remote
communities facing barriers to internet connectivity are arguably
the most adversely impacted by climate change and food
insecurity, so it is important to consider whom we may be
leaving out by going digital. The digital divide is a complex
phenomenon; however, countries such as Canada are pledging
resources to enable equitable access to rural and remote areas
[75-78]. Although it is beyond the scope of this project to
address these systemic issues, we are working with policymakers
and communities as part of the Smart Platform to improve
internet access for citizens. For example, we are providing
smartphones and data plans to enable citizen participation and
working with local community organizations to provide venues
for free Wi-Fi access.

The FEEDS Project takes a novel digital citizen science
approach to understand and address climate change, food equity,
and solastalgia in the 21st century. Climate change is taking an
inevitable toll on food systems, with remote, Indigenous
communities disproportionately impacted in Canada. Combining
the principles of Two-Eyed Seeing and the Smart Framework,
the FEEDS Project provides early detection and potential for
mitigation of adverse environmental, food system, and mental
health impacts, while enabling data sovereignty and
self-governance.
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Abstract

Background: Though artificial intelligence (AI) has the potential to augment the patient-physician relationship in primary care,
bias in intelligent health care systems has the potential to differentially impact vulnerable patient populations.

Objective: The purpose of this scoping review is to summarize the extent to which AI systems in primary care examine the
inherent bias toward or against vulnerable populations and appraise how these systems have mitigated the impact of such biases
during their development.

Methods: We will conduct a search update from an existing scoping review to identify studies on AI and primary care in the
following databases: Medline-OVID, Embase, CINAHL, Cochrane Library, Web of Science, Scopus, IEEE Xplore, ACM Digital
Library, MathSciNet, AAAI, and arXiv. Two screeners will independently review all abstracts, titles, and full-text articles. The
team will extract data using a structured data extraction form and synthesize the results in accordance with PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews) guidelines.

Results: This review will provide an assessment of the current state of health care equity within AI for primary care. Specifically,
we will identify the degree to which vulnerable patients have been included, assess how bias is interpreted and documented, and
understand the extent to which harmful biases are addressed. As of October 2020, the scoping review is in the title- and
abstract-screening stage. The results are expected to be submitted for publication in fall 2021.

Conclusions: AI applications in primary care are becoming an increasingly common tool in health care delivery and in preventative
care efforts for underserved populations. This scoping review would potentially show the extent to which studies on AI in primary
care employ a health equity lens and take steps to mitigate bias.

International Registered Report Identifier (IRRID): PRR1-10.2196/27799

(JMIR Res Protoc 2021;10(9):e27799)   doi:10.2196/27799
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Introduction

Artificial intelligence (AI) is a field of computer science that
aims to create systems that are capable of independent reasoning
[1,2]. Despite tremendous gains in some industries, ranging
from the perfection of recommendation systems [3] and
optimizing supply chains [4] to self-driving cars and
collaborative robotics [5], AI has continued to marginalize
minority populations. One such example involves NorthPointe’s
COMPAS Core solution, an algorithm that seeks to assess the
risk that recent convicts would recommit a crime [6]. The
algorithm has a demonstrated bias toward labeling Black
individuals as being at a high risk for recommitting a crime
when compared to their White counterparts, when in reality the
former were half as likely to commit the crime. While this case
represents a case of algorithm bias, the bias intrinsic to other
AI applications may be more subtle and therefore more likely
to stay undetected.

Vulnerable populations in health care, such as women and
transgender individuals, Black and Latinx populations, and
those with low socioeconomic status, represent cohorts of
individuals who experience significant baseline health disparities
and are at heightened risk of being affected by algorithmic bias
[6-8]. Pre-existing and unintended biases in the development
pipeline, whether they take the form of historical, representation,
or aggregation bias [9], have the potential to perpetuate deeply
rooted stigma, poor cohort representation, and ineffective
treatment modalities in the end-product that may further
discriminate against these groups through these AI systems. For
example, Obermeyer et al [10] showed that a popular health
care risk–scoring algorithm recommended fewer health care
assessments for Black patients than for White patients, likely
because the algorithm was trained from a data set where the
health care system itself contained unequal access to and lower
levels of care for Black patients. Such studies reflect the need
for research into fairness and AI within health care.

Primary care is the cornerstone of health care delivery and
serves, in theory, as the entry point for most patients into the
health care setting [11]. Historically, primary care leads
medicine to recognize and attend to social determinants of
health, which are strong drivers of inequitable health outcomes
in vulnerable populations [12,13]. Primary care includes a wide
spectrum of disease and many diverse care tasks for patients,
which makes augmenting clinical practice with AI tools
particularly appealing and useful. Using AI for routine tasks
may allow primary care clinicians to focus on complex
diagnostic and therapeutic tasks and cultivate stronger
patient-physician relationships [14]. To our knowledge, only 1
other scoping review has identified current AI applications in
primary care [15]. We build on their work by focusing
specifically on health equity. As such, this systematic scoping
review aims to (1) assess the baseline representation of these
vulnerable populations in the AI applications for primary care,
(2) determine whether studies are cognizant of potential biases
in their results, and (3) understand how, if at all, these studies
address the manner in which these biases affect the model’s

impact on vulnerable populations, either positively or negatively,
in the primary care setting.

Methods

Scoping Review
We selected a scoping review as the best method for assessing
the research landscape of AI and health equity in primary care
because it offers a way to systematically identify key research
gaps, opportunities, evidence, and concepts in this understudied
space. This type of review differs from systematic reviews and
meta-analyses in that it does not narrow the parameters of the
review to a specific quality assessment. Instead, it is a systematic
approach to examine the landscape of a research field using
broad questions to examine both empirical and conceptual
aspects [16,17]. This is particularly important in the fields of
health equity, primary care, and AI, where much of the literature
is currently focused on specific outcomes or aspects of care
[18-21]. Equity considerations extend across multiple outcomes
and therefore require a scoping review to draw overall
conclusions. Our protocol, developed on the basis of seminal
work by Arksey and O’Malley [16], includes six stages: (1)
identification of the research question; (2) identification of
relevant studies; (3) study selection; (4) data extraction; (5)
collation, summarization, and reporting of the results; and (6)
consultation of knowledge users. We followed the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses for Scoping Reviews) checklist [22] and
registered our protocol with the Open Science Framework
(digital object identifier: 10.17605/OSF.IO/WGSB3). To
identify articles of interest, we conducted a search update on
the basis of a previous study by Kueper et al [15], who
conducted a systematic scoping review of AI and primary care
research in May 2020.

Step 1: Identifying the Research Question
A committee of medical professionals at different levels
(medical students and attending physicians) with multiple
domain expertise (AI, primary care, and fairness in machine
learning) and training in recognition of health care disparities
led the scope of this study. We used the methodology of Arksey
and O’Malley [16] and Levac et al [23] to guide the discussions
for determining the research questions we sought to investigate.
We considered vulnerable populations on the basis of the
PROGRESS (place of residence, race/ethnicity/culture/language,
occupation, gender/sex, religion, education, socioeconomic
status, and social capital) criteria [8], which include the
following variables to ascertain vulnerabilities: place of
residence; race, ethnicity, and culture; occupation; gender;
religion; education; socioeconomic status; and social capital.
We identified three key domains for assessment: representation
of vulnerable populations in the underlying data set relative to
the intended target population, as assessed, for example, by
subgroup prevalence; author reporting of the types of bias
outlined by Suresh et al [9]; and whether these studies attempt
to mitigate these pre-existing biases in their systems upstream
of, during, or downstream of model development (Table 1).
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Table 1. Research questions.

Operational definitionsResearch questions

Vulnerable populations are defined as those with known disparities as
described by the following categories:

What is the representation of vulnerable individuals in the intended target
population for any study on artificial intelligence within primary care?

• Place of residence (eg, rural)
• Race, ethnicity (eg, Black)
• Occupation (eg, coal miners)
• Gender, sex (eg, transgender)
• Religion (eg, Amish)
• Education (eg, high-school only)
• Socioeconomic status (eg, low income)
• Social capital (eg, isolation)

Data extraction elements (Table 2)How well do current studies on artificial intelligence in primary care report
different types of bias that may be perpetuated as health disparities by
their systems?

Example interventions are listed below:What interventions do current studies on artificial intelligence in primary
care use to address harmful effects of pre-existing biases in their systems? • Preprocessing

• Modified data sources
• Preprocessing data for fairness
• Model development
• Demographic parity
• Equalized odds/opportunity
• Disparity regularization
• Counterfactual fairness
• Postprocessing
• Subgroup analysis
• Meta-regression
• Quality assurance

Steps 2 and 3: Identify Relevant Studies and Study
Selection

Steps Overview
To guide the search strategy for our scoping review, we have
developed a number of protocols and parameters. We will use
Covidence [24] to manage our records and data throughout the
review.

To retrieve all AI and primary care literature, we will use a
similar search strategy and eligibility criteria documented by
Kuepfer et al [15], in which a team of interdisciplinary experts
iteratively refined search terms for 11 databases to reliably and
robustly retrieve literature spanning AI and primary care
globally. This study screened over 7900 articles to amass a total
of 405 eligible articles at this domain intersection (Multimedia
Appendix 1). Our populations of interest are vulnerable patients
(who may or may not be explicitly recognized by the study of
interest in our search strategy); we will include any AI
intervention; the comparison will be the current standard of care
without the AI intervention; and we will include any
patient-level outcome of interest in primary care. Rather than
combining vulnerable population search terms, we allow our
search query to broadly include AI literature that addresses
vulnerable populations implicitly (eg, only ensuring
demographic parity for a primary clinical outcome) or, equally
importantly, fails to do so at all. For example, Hannun et al [25]
used a corpus of ambulatory electrocardiograhs and trained a
deep learning model to predict arrhythmias, which may have
strong implications of use in primary care, but provide no

context on the demographic representation and comorbidity
burden in their data sets. To confirm that we applied the
methodology appropriately, 2 independent reviewers (JW and
SS) will extract a random sample of 4% of titles from their
initial search. Then, they will apply the title and abstract
screening and full-text screening process, resolving disputes
with a third reviewer. Cohen κ will then be calculated between
the studies we select and those selected by Kueper et al [15].
This will be repeated until a Cohen κ of >0.80 is achieved. We
will then include the 405 studies that were selected by Kueper
et al [15].

We will also apply the search strategy and screening criteria
applied to any new articles since Kueper et al [15]’s initial
search on April 6, 2018 (Multimedia Appendix 1). Two
independent reviewers (JW and SS) will first review all titles
and abstracts on the basis of the defined eligibility criteria.
Full-text versions of all identified articles will be independently
reviewed by these 2 independent reviewers for inclusion after
initial screening of titles and abstracts to determine whether any
other further refinements to the eligibility criteria should be
made. Disagreements will be resolved by an independent
reviewer through discussion, and the selection process will be
adjusted to reflect these subsequent changes. Articles for which
no consensus can be reached will be included in the review.
Based on guidelines from Cochrane Methods, the search strategy
will be utilized once again if 12 months have passed since the
initial search strategy and the date of publication [26].

Once this process is complete, a final PRISMA flow diagram
[27] will be submitted to document the number of articles at

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e27799 | p.412https://www.researchprotocols.org/2021/9/e27799
(page number not for citation purposes)

Wang et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


each step of identification, screening, eligibility, and inclusion.
For now, a PRISMA flow diagram containing the number of
queried and screened articles is available in Multimedia
Appendix 2.

Databases
In line with Kueper et al [15], we searched the following
databases: Medline-OVID, Embase, CINAHL, Cochrane
Library, Web of Science, Scopus, IEEE Xplore, ACM Digital
Library, MathSciNet, AAAI, and arXiv; these will capture
published studies predominantly in the fields of medicine,
computer science, and the intersection of both fields.

Step 4: Extracting the Data
We built a preliminary data framework in accordance with the
suggestions of Daudt et al [28] to align data extraction with the
initial research question (Table 2). One category we extracted
is measuring compliance with existing AI ethics guidelines
developed for the European Commission. This category was
chosen after examining multiple other AI ethical guidelines,
including those of the House of Lords [29] and IEEE [30]. The
European Commission's guidelines were chosen because of the

comprehensible key requirements, orientation toward
conceptual, higher-level evaluation (rather than technical
specificities), and wide adoption across the AI community
[31-33]. Two authors (JW and SS) will independently extract
data from the first 10 included studies and meet to determine
whether the framework is specific enough for consistency and
the data are sufficient for research questions outlined initially.
During this process and in prior stages, it is likely that additional
categories and adjustments will be made to our data extraction
framework, at which time we shall consult with the research
team to guide decisions on how to appropriately modify the
framework. Once the reviewers reach a consensus using the
data extraction framework, it will be circulated among the
research team and consultation team for final comments and
suggestions. Following this, additional reviewers may be brought
on, in which case they are expected to match the data extracted
from these first 10 included studies in order to take part in the
data collection (Cohen κ>0.8). For any disputes on data
extraction, a third reviewer will be involved in settling the
discussion, and appropriate adjustments to the data extraction
framework will be made.
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Table 2. Data extraction elements.

Elements appraisedCategory

Reviewer information • Reviewer name
• Reviewer comments

Bibliometrics • First and last name of the first author
• Title
• Source
• Year of publication
• Country
• Status of publication

Primary care function (adapted from Kueper
et al [15])

• Diagnostic decision support: artificial intelligence–assisted diagnostics
• Treatment decision support: artificial intelligence–assisted treatment, including remote management

of care
• Referral support: artificial intelligence–assisted support for any portion of the referral process, es-

pecially for direct referrals of patients to specialist services
• Scheduling assistance: models for optimizing clinic schedules and overbooking
• Future state prediction: artificial intelligence offering predictions about the future state, such as

consult service utilization or prognosis of existing conditions. (this excludes predictions of one’s
chances of developing a health condition in the near term, which falls under diagnostic decision
support)

• Health care utilization analyses: artificial intelligence extracts information retrospectively to under-
stand more about the current processes or interactions within a health care system

• Knowledge base and ontology construction or use
• Information extraction: artificial intelligence extracts knowledge from structured or unstructured

data sources
• Descriptive information provision: Artificial intelligence summarizes existing data in interpretable

or useful ways
• Other: function not represented above, but specifics of function will still be recorded in case a new

category emerges

Author-reported intended end-users • The intended user of the artificial intelligence product, including but not limited to patients, physi-
cians, nurses, nurse practitioners, administrators, researchers, others, and unknown (if an end-user
is not specified as the tool was still in development, a researcher was designated)

Target health condition (adapted from
Kueper et al [15])

• General
• Diabetes
• Cancer, non-skin
• Heart valves, murmurs
• Musculoskeletal/joint
• Dementia, cognitive impairment
• Lung apnea, chronic obstructive pulmonary disease
• Chronic disease, frailty
• Skin cancer
• Stroke, neurological
• Psychiatric
• Coronary artery disease
• Heart failure
• Hypertension
• Other cardiovascular disease
• Gastrointestinal/liver
• Ear, nose, and throat
• Eye and retina
• Trauma, emergency surgery
• Infection
• Metabolic
• Kidney and urinary tract
• Immunization, reactions
• Skin disorders
• Obesity
• Pediatric/developmental
• Other
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Elements appraisedCategory

• Size: number of unique patients
• Time period if applicable
• Source of data:

• Electronic health record
• National registry
• Claims
• Remote monitoring devices (ie, smart watch or mobile phone)
• Other (specified)
• Unknown

• Number of institutions: single or multiple
• Setting (urban, rural, both, or unknown): We use the United States Census’ County Classification

Lookup Table [34] to determine whether a certain area was urban or rural. If there were multiple
locations, we selected both.

Data set

• Human agency and oversight: how well does the algorithm support human decision-making and
permit oversight on its predictions?

• Technical robustness and safety: how well-suited is the algorithm for its intended use? How well
does it mitigate harm?

• Privacy and data governance: how well does the algorithm’s data ingestion and analysis pipeline
respect patient privacy (eg, HIPAA compliance) and enforce safeguards against unpermitted access?

• Transparency: does the artificial intelligence algorithm explain reasons for its outputs in a traceable
and interpretable way?

• Diversity, nondiscrimination, and fairness: how biased is the algorithm with regard to its perfor-
mance? How easy is it for stakeholders to provide feedback on the algorithm’s performance for its
continuous development?

• Societal and environmental well-being: what are the societal (eg, dehumanizing relationships) and
ecological (eg, energy consumption) impacts of the algorithm?

• Accountability: who is held responsible to ensure the algorithm’s development, outcomes, harm,
and regulation?

Compliance with “Ethics Guidelines for
Trustworthy AI” [35]: which of the 7 ele-
ments were addressed (yes/no)?

Must be explicitly stated in the introduction or abstract as motivation for the paper to focus on at least
1 vulnerable population (though there may be other populations studied as well) defined by any of the
following categories which are largely based off of the NIMHD Research Framework [36]:

• Place of residence (eg, rural)
• Race, ethnicity (eg, Black African American or Latinx)
• Occupation (eg, coal miners)
• Gender, sex (eg, transgender)
• Religion (eg, Amish)
• Education (eg, low)
• Socioeconomic status (eg, low income)
• Social capital (eg, isolation)
• Does the study include key variables that could reflect disparities across protected classes (eg, age,

sex, or race/ethnicity)?
• If reported, do they include these variables in their evaluation (eg, subgroup analysis to demonstrate

equal performance)?
• Existing biases: does the study discuss biases or potential repercussions related to vulnerable pop-

ulations? [9]
• Historical bias (ie, data retrieval)
• Representation bias (ie, population representation)
• Measurement bias
• Aggregation bias
• Evaluation bias
• Deployment bias
• Bias mitigation: does the study attempt to reduce existing biases, either explicitly or implicitly? If

so, what methodology do they employ?
• Preoutput (changes to the algorithm or input data)
• Postoutput (user education, transparency, and specifying the use case)
• Other

Model fairness and focus on health equity:
is the main purpose of the study specifically
outlined to improve health for a vulnerable
population (yes/no)?

Stage of the study
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Elements appraisedCategory

• Methodological development: generation of novel artificial intelligence methods or modification
of existing artificial intelligence methods to accomplish a task relevant to primary care.

• Retrospective data analysis or model development: developed an artificial intelligence model trained
on retrospectively collected data to identify trends or perform a task that awaits prospective valida-
tion.

• Evaluation: artificial intelligence implemented in the intended setting as part of a pilot study, such
as a prospective cohort study or randomized controlled trial.

• Postimplementation: assessing the impact of an artificial intelligence implementation after officially
deployed in its intended setting.

Step 5: Collating, Summarizing, and Reporting the
Results
Our analysis will involve both a descriptive numerical summary
and an interpretive synthesis. While our approach in stage 5
will be an iterative process, we will use this section to first
provide descriptive tables, frequency tables, and visual
representation of the results. Further synthesis will be performed
to identify current obstacles, gaps, and opportunities in the
literature.

Step 6: Consultation
Our scoping review will include consultation with other AI
researchers in academia, nonprofit, and industry to enhance the
perspective, applicability, and purpose of our study and
ultimately offer more practical recommendations. We will
engage with stakeholders at three timepoints: (1) prior to the
submission of this protocol, (2) during the finalization of the
data collection framework, and (3) at the end of the study during
the collation, summarization, and reporting of the results.

Results

Electronic database searches were conducted in October 2020,
and title and abstract screening are currently underway. We
expect to complete the remaining steps of the scoping review,
including publication, by fall 2021.

Discussion

Principal Findings
To our knowledge, this will be the first scoping review that
applies an equity lens to the existing literature on AI in primary
care. Primary care has a large potential to reduce costs and
improve quality of life, especially for underserved populations
[37]. Many experts have lauded AI’s potential to affect primary
care [14] and issues in vulnerable patient care management. By
understanding AI’s current place in primary care through the
lens of health care equity, researchers can develop AI
interventions that address the field’s existing gaps and
opportunities.

After completing this scoping review, we will write a briefing
paper to address the implications of the findings in a narrative.
We will also develop a manuscript and PRISMA-ScR checklist
to submit for publication.

Limitations
Our scoping review will not incorporate a peer review process
for our search strategy despite being recommended in Peer
Review of Electronic Search Strategies [38]. This is typically
conducted for systematic reviews rather than for scoping reviews
and is not feasible with the time and resource constraints we
have to achieve this review [23]. Additionally, we do not engage
with community members or underserved populations
themselves for consultation or feedback. We believe this is
important for any study related to health equity as it improves
the quality and applicability of studies for the populations they
hope to serve [23,39]. However, identifying and consulting with
these groups has been difficult and costly to incorporate into
the protocol, which has been a recurring problem in this field
of research. Instead, we rely on expert stakeholders to guide
our critical appraisal of the existing literature. Considering the
design of this study, we also will not conduct a rigorous
assessment of the included articles beyond an inequity lens [16].
Additionally, scoping reviews do not provide a clear
understanding of the efficacy of current interventions in practice
as systematic reviews do, which is offset by the benefit of
providing breadth from a large number of studies [16]. We also
limit our work to English language articles, and no proprietary
research is captured in this review.

Conclusions
AI has immense potential to improve the patient-physician
relationship by augmenting physician capabilities. Primary care
is an especially viable area for the integration of AI, given its
early entry point, broad scope of vulnerable populations, the
heavy toll these socioeconomic factors have on patient care,
and the need to address these factors to manage disease more
effectively. However, algorithms are susceptible to performance
disparities across different subgroups, which may further
reinforce pre-existing health inequities if not rigorously assessed
before deployment. With this scoping review protocol, we aim
to provide a process to assess the state of AI in primary care for
vulnerable populations.
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Abstract

Background: The benefits of clinical support are evident in various mentorship, preceptorship, or clinical supervision models.
Poor collaboration between lecturers and clinical staff, lack of confidence about student support, large student intakes coupled
with core demands create negative attitudes toward student supervision, and this poses a huge challenge to midwifery students
who are expected to become competent in the process.

Objective: This study aims to identify and analyze interventions, strategies, and/or mechanisms in order to strengthen the clinical
support for midwifery students in clinical practice areas from a global perspective.

Methods: This review will follow the Arksey and O’Malley framework (2005). The search strategy will include primary studies
searched for in electronic databases such as EBSCOhost (CINAHL, MEDLINE, and Health Source: Nursing/Academic edition),
PubMed, Google, and Google Scholar. Keywords such as “midwifery students,” “midwifery education,” and “clinical support”
will be used to search for related articles. The search will include articles from the cited by search, as well as citations from the
reference list of included articles. All title-screened articles will be exported to an EndNote library, and duplicate studies will be
removed. Two independent reviewers will concurrently carry out the abstract and full-text article screening according to the
eligibility criteria. Extracted data will highlight the aims, geographical setting, and level of training; intervention outcomes; and
the most relevant and most significant findings. This review will also include a mixed methods quality appraisal check. A narrative
summary of data extracted will be analyzed using content analysis.

Results: Interventions to strengthen the clinical support for midwifery students in practice will be extracted from this review,
and data will be analyzed and extracted to develop a comprehensive guide or framework for clinical mentorship. As of August
2021, the electronic search, the data extraction, and the analysis have been completed. The results paper is expected to be published
within the next 6 months.

Conclusions: It is expected that this review will contribute to midwifery education by identifying quality evidence on clinical
support interventions available to midwifery students globally, as well as best practice methods, procedures, or interventions that
can be used to develop a midwifery mentorship training program.

International Registered Report Identifier (IRRID): DERR1-10.2196/29707
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Introduction

The clinical support for midwifery students is critical to the
quality of graduates produced at higher education institutions.
A significant concern for lecturers and registered midwives is
to produce graduates who are safe and competent practitioners
[1-3]. Midwifery students spend 50% of module time in clinical
placements for work-integrated learning. Therefore, a registered
midwife who supports students in clinical placements has an
extremely important role to create and maintain a positive
working experience, increasing students’ enthusiasm and
ensuring their retention in the profession [4-6].

Midwifery students value the clinical support they receive during
their transition from a student to a confident midwife
practitioner. The benefits of clinical support are evident in
various mentorship, preceptorship, or clinical supervision
models, and it is supported widely in the literature [7-9].
However, literature on the perceptions of mentors or preceptors
concurs that clinical staff feel unprepared in their roles to
support students in clinical placements [10-15]. Furthermore,
time constraints and the core function of registered midwives,
which is to deliver patient care, hampers opportunities to support
students during clinical placement for learning [15].

Findings from other studies also showed positive outcomes in
the student-mentor relationship, even more so when mentoring
is undertaken in a planned method [3,6]. In addition, providing
support and training to registered midwives to take on the role
of a clinical mentor or preceptor is highly recommended in
many developed countries such as New Zealand, Scotland, and
the United Kingdom [15-18]. Very few studies conducted in
African countries relate to the clinical support for midwifery
students [2,19]. One study called the MOMENTUM project
was conducted in Uganda and supported by the Royal College
of Midwives (United Kingdom). The project aimed to address
the poor quality of mentorship for midwifery students by
developing a context-specific model for mentorship in Uganda
[19].

In South Africa, registered midwives working in clinical
placements assume the role of clinical mentors. These clinical
mentors do not receive any formal support or training and,
therefore, experience conflicts in their roles and expectations.
Poor collaboration between lecturers and clinical staff, negative
feelings, lack of confidence about student support, and large

student intakes create negative attitudes toward clinical
supervision [2,20]. Currently, in South Africa, there are no
known support structures for registered midwives who support
students in clinical practice. Hence, the quality of midwifery
mentorship is questionable, and the need to train and support
registered midwives to mentor students in maternity care units
has become necessary.

Identifying and analyzing the interventions to support
mentorship training on a global capacity has not been previously
conducted in South Africa. There are also no scoping reviews
on clinical support structures or interventions to strengthen
midwifery clinical support. The results of this systematic scoping
review will identify interventions to strengthen the clinical
support for midwifery students; subsequently, through data
analysis, these results could help in developing a comprehensive
mentorship training guide for midwifery clinical practice.

Methods

Study Design
This systematic scoping review will focus on retrieving and
reviewing studies on clinical support interventions available to
midwifery students globally. The review will follow the Arksey
and O'Malley (2005) framework [21] using the following
steps: (1) identifying the research question; (2) identifying the
relevant studies; (3) study selection; (4) charting the data; (5)
collating, summarizing, and reporting the results; and (6)
consultation (optional).

Objectives
The objective for this systematic scoping review is to identify
and analyze best practice guidelines, interventions, strategies,
and/or mechanisms in order to support midwifery students in
clinical practice areas on a global perspective.

Identifying the Research Question
What evidence is available on interventions to strengthen the
current clinical support for midwifery students globally?

Eligibility of the Research Question
The review will use the population, concept, context (PCC)
framework, as described by Levac et al [22,23], to determine
the research question’s eligibility criteria. Table 1 shows the
eligibility criteria and the elements to be used in the review. 

Table 1. The population, concept, context framework.

Elements of the studyEligibility criteria

Studies that include training of midwifery undergraduate and/or postgraduate students. Studies that include the perspec-
tives of mentors and mentees.

Population

To strengthen clinical support for midwifery students. Clinical support terms such as “clinical supervision,” “mentorship,”
and “preceptorship” are used interchangeably in nursing and midwifery practice.

Concept

Midwifery education and training, globally.Context
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Identifying Relevant Studies
This scoping review will select preliminary studies using
qualitative, quantitative, and mixed methods related to clinical
support for midwifery students. Electronic platforms such as
EBSCOhost (CINAHL, MEDLINE, Health Source:
Nursing/Academic Edition), PubMed, Science Direct, Google,
and Google Scholar will be searched to find articles published
in peer-reviewed journals and the grey literature. The search
strategy involves using search terms such as “midwifery
students,” “clinical supervision OR mentorship OR
preceptorship,” and “midwifery education.” The search will be
limited to English-language articles and confined within the
last 10 years (2010-2020) to identify support interventions and
strategies that are up to date and current. 

The review will include a manual search of the main published
articles and citations from the “related literature” list. Eligibility
criteria to ensure specific information relating to the research
question will be used in the studies. It will include Boolean
terms (“midwifery AND clinical support,” OR “mentorship,”
OR “clinical supervision,” OR “preceptorship”), medical subject
headings (MESH) terms (“midwifery students AND clinical
support interventions,” “mentorship AND midwifery students,”
and “midwifery practice and clinical supervision models”). If
full-text articles are unobtainable, the researchers will consult
with the librarian for assistance. All researchers will maintain
an electronic search record of all literature searched.

Study Selection
The researcher will design a form for abstract and full-text
screening by using Google Forms. The search strategy will
follow a 3-stage system of title screening, abstract screening,
and full-text screening, as determined by the inclusion criteria
mentioned below. All selected articles from the screening
process will be saved in an EndNote software folder.

Inclusion Criteria
The following studies will be included: (1) studies that present
evidence on midwifery students; (2) studies that present
evidence on clinical support such as mentorship, preceptorship,

and clinical supervision; (3) studies that present evidence on
midwifery education; (4) studies conducted between 2010 and
2020; (5) studies that include a support intervention or strategy;
and (6) peer-reviewed articles and studies from the grey
literature, which may include governmental policies and
guidelines.

Exclusion Criteria
The following studies will be excluded from the analysis: (1)
studies that do not include midwifery students and (2) studies
that do not include an intervention or strategy.

The Screening Process
The primary investigator will conduct a thorough title-screening
process using relevant databases. All articles selected will be
exported to an EndNote library. Duplicated articles will be
extracted from the reference list. The primary investigator and
an independent collaborator will screen all saved abstracts using
a standardized Google Forms as a tool. Both the primary
investigator and the independent collaborator will apply the
inclusion criteria developed for the search. The eligible articles
selected from the abstract-screening stage will then undergo a
full-text article screening process using another standardized
Google Forms. Both the primary investigator and the research
collaborator will work independently. Both screeners will also
compile a screening report for both the abstract and full-text
screening. A third reviewer (the research supervisor) will resolve
any discrepancies that may emerge. 

Charting the Data
In this stage, the researcher will design a data charting tool using
Google Forms. Textbox 1 shows the variables used in the data
charting tool. The data charting tool will highlight the study’s
aims, intervention outcomes, the most relevant findings, and
the most significant findings, and author comments.

All researchers will collectively conduct a content analysis to
extract relevant outcomes. All emerging themes and variables
will be used to answer the research question. The data charting
tool will be updated continually.

Textbox 1. Variables used in the data charting stage.

Variables used in the data charting form:

• Author and date

• Full journal reference

• Study aims or research question

• Geographical setting

• Level of training

• Intervention outcomes (methods, procedures, evaluation, removal and monitoring, preferences, and acceptability)

• Most relevant findings

• Most significant findings

• Comments
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Quality Appraisal
This study will include a quality check as recommended by
Levac et al [23]. A mixed methods quality appraisal tool
designed by Pluye et al [24] will be used to assess the
methodological quality of studies retrieved. According to the
mixed methods quality appraisal tool, there are 4 different
criteria used in both qualitative and quantitative study designs
and 3 criteria used in the mixed methods section. A scoring
metrics system will present all outcomes according to the

number of criteria met. Table 2 shows an example summary of
the scoring metric, presented according to the study design, the
number of criteria met, and the percentage score; the
corresponding descriptors will be recorded alongside.

A score of 75% and higher indicates a high-quality outcome
and will be included in the study. A score of 25% and below
indicates a low-quality outcome and will not be included in the
study.

Table 2. Scoring metrics summary (example).

DescriptorsScore (%)Study design and number of criteria met

Qualitative and quantitative studies

*251

**502

***753

****1004

Mixed method studies

*250

**501

***752

****1003

Collating, Summarizing, and Reporting the Results
A narrative summary of data extracted will be analyzed using
content analysis. Only the most relevant and most significant
data in line with the research question will be included in the
study. The results of the systematic scoping review will be
mapped in a 2009 PRISMA (Preferred Reporting Items for

Systematic reviews and Meta-analyses) flow diagram, as shown
in Figure 1. Once the protocol is accepted, the systematic
scoping review findings will be published in an accredited
journal in an electronic format. Results will also be presented
at midwifery and nursing education conferences nationally
and/or internationally.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic reviews and Meta-analyses) flow diagram presenting screening results.

Ethics Approval and Consent to Participate
The study was approved by the affiliated university’s ethics
committee for Human Social Science (Ethics approval no.
HSS/1509/018M).

Availability of Data and Materials
All data generated and analyzed from this study will be included
in the published systematic review article and will be available
on request.

Results

Interventions to strengthen the clinical support for midwifery
students in practice will be extracted from this review, and data
will be carefully analyzed to develop a comprehensive guide
or framework for clinical mentorship. As of August 2021, the
electronic search, the data extraction, and the analysis have been
completed. The results paper is expected to be published within
the next 6 months.

Discussion

The quality of clinical support for midwifery students in
placement learning is well debated as some clinical staff feel
unprepared to instruct new students [12,13]. Mentors play a
vital role in shaping students as qualified midwives, and the
mentor-student relationship affects confidence in practice
[25,26]. Thus, the poor support received during clinical practice
may lead to inadequately prepared graduates who contribute to
the high maternal mortality rates, especially in African countries
such as Botswana, Lesotho, Swaziland, Zimbabwe, Malawi,
Namibia, Mozambique, Angola, and South Africa.

According to the 2008 Nursing and Midwifery Council (NMC)
requirements, trained mentors undertake assessments and
provide feedback on preregistration midwifery students'
proficiencies. This expectation can be especially useful in the
South African context, as students have to fulfill long hours in
clinical placements to achieve clinical requirements and hours.
However, contrary findings were found in other studies using
the same, abovementioned requirements. Studies found that
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mentors had difficulties assessing, supervising, supporting, and
guiding students in practice [11,27-29].

The fundamental aim of midwifery education is to develop a
safe and competent practitioner who will resume full
responsibility and accountability for practice [30]. Ensuring
that midwifery students are equipped with the necessary skills
to provide high standards of care remains a challenge for
lecturers and clinical mentors. Therefore, reviewing and

analyzing best practice interventions, strategies, or models that
strengthen clinical support for midwifery students is urgently
needed.

This systematic scoping review aims to review and analyze the
current clinical support systems available to midwifery students
globally and identify a suitable intervention to strengthen clinical
support for midwifery students in South Africa.
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