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Abstract

Background: Most mental disorders first emerge in youth and, in their early stages, surface as subthreshold expressions of
symptoms comprising atransdiagnostic phenotype of psychosis, mania, depression, and anxiety. Elevated stressreactivity is one
of the most widely studied mechanisms underlying psychotic and affective mental health problems. Thus, targeting stressreactivity
in youth is a promising indicated and trandlational preventive strategy for adverse mental health outcomes that could develop
later in lifeand for improving resilience. Compassion-focused interventions offer awide range of innovative therapeutic techniques
that are particularly amenable to being implemented as ecologica momentary interventions (EMIs), a specific type of maobile
health intervention, to enable youth to access interventionsin a given moment and context in daily life. This approach may bridge
the current gap in youth mental health care.

Objective: This study aims to investigate the clinical feasibility, candidate underlying mechanisms, and initial signals of the
efficacy of anovel, transdiagnostic, hybrid EMI for improving resilience to stress in youth—EM I compass.

Methods: In an exploratory randomized controlled trial, youth aged between 14 and 25 years with current distress, a broad
Clinical High At-Risk Mental State, or thefirst episode of asevere mental disorder will be randomly all ocated to the EM I compass
intervention (ie, EMI plus face-to-face training sessions) in addition to treatment as usual or a control condition of treatment as
usual only. Primary (stressreactivity) and secondary candidate mechanisms (resilience, interpersonal sensitivity, threat anticipation,
negative affective appraisals, and momentary physiological markers of stressreactivity), aswell as primary (psychological distress)
and secondary outcomes (primary psychiatric symptomsand general psychopathology), will be assessed at basline, postintervention,
and at the 4-week follow-up.

Results: Thefirst enrollment wasin August 2019, and as of May 2021, enrollment and randomization was completed (N=92).
We expect data collection to be completed by August 2021.
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Conclusions: This study isthefirst to establish feasibility, evidence on underlying mechanisms, and preliminary signals of the
efficacy of a compassion-focused EMI in youth. If successful, a confirmatory randomized controlled trial will be warranted.
Overall, our approach has the potential to significantly advance preventive interventions in youth mental health provision.

Trial Registration: German

Clinical

Trials Register DRKS00017265;

https.//www.drks.de/drks web/navigate.do?navigationld=tria.lHTML& TRIAL_ID=DRK S00017265

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(12):e€27462) doi:10.2196/27462

DERR1-10.2196/27462

KEYWORDS

experience sampling methodology (ESM); ecological momentary assessment (EMA); mobile intervention; at-risk individuals;
smartphone training; blended care; mental health; stress reactivity; mobile phone

Introduction

Background

Youth is acritical life period, and most mental disorders have
their onset before the age of 25 years[1]. In the early stages of
psychopathology, subthreshold expressions of symptoms may
occur, reflecting an extended phenotype in the genera
population that is often transdiagnostic in nature, spanning from
subthreshold expressions of anxiety, depression, and mania to
psychotic experiences [2-4]. This extended transdiagnostic
phenotype may, in turn, be associated with arange of subsequent
psychopathological outcomes or exit syndromes later in life
[2,3]. Onthe basis of emerging evidence on the transdiagnostic
dimensions of psychopathology [5-10], dimensional
classification systems with transdiagnostic high-order spectra
that place individuals on a continuum of mental ill-health have
recently been proposed, including the Hierarchical Taxonomy
of Psychopathology [11-14], and clinical staging models have
been proposed considering the overlapping and nonspecific
nature of early psychopathology [15-18]. For example,
Hartmann et a [16] in their clinical staging model, distinguish
three stages of early mental health problems, that is, current
psychological distress (stage 1a), abroad Clinical High At-Risk
Mental State (CHARMS) with attenuated symptoms of
psychosis, mania, or depression (stage 1b), and afirst episode
of severe mental disorder (stage 2). Moreover, mental disorders
in youth aged 10-24 years have been reported to be the leading
cause of disease burden in high-income countries [19],
underlining theimportance of early intervention and prevention.
However, access to care remains deficient, with only 1 in 5
youth with mental health problems having access to mental
health services [20,21]. Thus, there is a strong need for easily
accessible, low-threshold, preventive interventions in the
provision of youth mental health services.

Recent rapid advances in digital technologies have led to the
development of novel mobile health (mHealth) assessment and
intervention techniques, of which ecological momentary
assessments  (EMAS) [22,23] and ecological momentary
interventions (EMIs) [23-28] are, arguably, among the most
powerful [26,28]. EMIs such as Acceptance and Commitment
Therapy in Daily Life [29,30], recently aso referred to as
just-in-time adaptive interventions [31], provide a unique
opportunity to deliver youth-friendly, adaptive, personalized,
real-time transfer of intervention components to individuals
daily lives. EMIs enable youth to access interventions tailored

https://www.researchprotocols.org/2021/12/e27462

to what a young person needs in a given moment and context
through interactive sampling and administration of specific
training components [26,27,32]. To this end, EMIs build on
real-time dataacquired through EMA, astructured digital diary
technique that measures moment-to-moment fluctuations in
experience,  behavior, = and—when  coupled  with
electrocardiography (ECG) and actigraphy
sensors—physiological markers in daily life to offer training
componentsthat are adapted to the person, moment, and context
based on EMA data. Therefore, EMIsare amenableto enhancing
access to mental health services for youth depending on their
needs and preferences. Indeed, youth—as the generation of
digital natives—already make regular use of mHealth apps and
are more likely to do so when experiencing psychological
distress [33]. However, most mHealth apps that are currently
availablein major app stores are not evidence-based, often use
problematic data sharing and privacy practices, and sometimes
contain harmful content [34-36]. Asreviewed recently, thereis
evidence on the effectiveness of mindfulness-based EMI for
stress reduction [37] and reduction of psychotic experiences
[30,38,39]. Furthermore, thereisevidencefor higher compliance
and greater effectiveness of hybrid interventions that include
both digital and face-to-face intervention components with
research staff or clinicians [40,41].

Underlying transdiagnostic mechanisms may be important
intervention targets in youth to prevent transition to and
incidence of severe mental disorder. The most widely studied
transdiagnostic mechanisms are (1) elevated stress reactivity
(ie, moreintense emotional reactionsto minor stressorsin daily
life), (2) heightened interpersonal sensitivity, and (3) enhanced
threat anticipation. There is evidence that stress reactivity is
elevated in individuals with higher familial or psychometric
risk, individuals with an ultrahigh risk state for psychosis,
first-episode psychosis, severe and enduring psychosis[42-45],
aswell aswith depressive disorder [46-48], mania, and bipolar
disorder [49-51]. Moreover, some evidence suggests that
differential reactivity to momentary stressors may reflect arisk
and resilience mechanism [44,52-54]. Heightened interpersonal
sensitivity is another putative transdiagnostic psychological
mechanism that has been characterized by an enduring sense
of feeling vulnerable in the presence of others [43,55].
Interpersonal sensitivity has been previously reported as a
relevant psychol ogical mechanism inindividualswith ultrahigh
risk, paranoia, and psychotic disorders [55,56] as well as in
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individuals with affective disturbances, including depression,
anxiety, and bipolar disorder [57-59].

Furthermore, our recent EMA findings extended beyond
elevated interpersona and socioenvironmental sensitivity and,
consistent with previous research on psychotic, depressive, and
anxiety disorders [60-65], also indicated that enhanced
anticipation of threat might be an important mechanism in the
development of psychosis [43,44]. These mechanisms have
been implicated in arange of adverse mental health outcomes,
which we have found to overlap considerably [2,5,6,66] and,
as noted above, often manifest at adevelopmentally early stage
in adolescence. Thus, devel oping EMIstargeting these candidate
mechanisms underlying a dimensional transdiagnostic and
extended phenotype of psychosis, mania, depression, and anxiety
in youth is a promising indicated strategy [67] for preventing
transition to, and incidence of, severe mental disorders, which,
if effective, will be associated with substantial public health
gains.

Compassion-focused interventions are third-wave cognitive
behavioral therapy (CBT) approaches that use a wide range of
innovative therapeutic techniques for enhancing emotional
resilience by activating emotion regulation systems related to
self-compassion, self-acceptance, and positive affect rather than
those related to stress, threat, anxiety, and depression [68-70].
Indeed, thereis meta-anal ytic evidence on compassi on-focused
interventions treating various conditions [71-73], such as
depression and anxiety [74], psychosis[75], and general distress
[76]. Compassion-focused interventions involve the use of
techniques that seek to access emotion regulation processes
through imagery rather than rational understanding [68,69]. In
doing so, compassion-focused interventions aim to enhance
emotional resilience by devel oping specific affective regulation
patterns and, thereby, reduce reactivity to stress, hypervigilance
for threat, interpersonal sensitivity, and negative affective
appraisals.  Experimental  evidence indicates that
compassi on-focused intervention techniques can reduce negative
affect and paranociain momentsof high stress[77,78]. Therefore,
compassion-focused interventions are particularly promising
for targeting these putative transdiagnostic mechanisms.
Building on these pieces of evidence, we have recently
developed a  novel, accessible, transdiagnostic,
compassion-focused, hybrid intervention to enhance resilience
in youth with early mental health problems—the EMIcompass
intervention [53], which consists of an EMI plus face-to-face
training sessions. Although there is preliminary evidence on
thefeasibility and initial therapeutic effects of the EMIcompass
intervention from an uncontrolled pilot study [53], robust
evidence on the underlying mechanisms, feasibility, and initial
signals of efficacy of EMIcompass from an exploratory tria is
pending.

Objectives
Against this background, this study will aim to examine the
clinical feasibility, underlying mechanisms, and initial signals
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of efficacy of EMIcompass for improving resilience in an
exploratory, randomized controlled trial (RCT) of youth with
current psychological distress, a broad CHARMS, or a first
episode of severe mental disorder. The EMIcompassintervention
will be administered in addition to treatment as usual (TAU) in
the experimental condition compared with a control condition
of TAU only. Specifically, this study’s aims are as follow:

1. toestablishtheclinical feasibility of thetrial methodology
and deliver the EMIcompass intervention to youth with
early menta heath problems (based on successful
recruitment, assessment of inclusion criteria, randomization,
retention in the assessment of outcomes, fidelity of
ddlivering the intervention, compliance with theintervention
protocol, satisfaction, and acceptability);

2. todetect initia signals of the efficacy of the EMIcompass
intervention in reducing psychological distress (candidate
primary outcome), primary (ie, psychotic, manic, anxiety,
or depressive) symptoms, and genera psychopathology
(candidate secondary outcomes) at postintervention and
4-week follow-up;

3. to test the effects of the EMIcompass intervention on
reducing stress reactivity (primary candidate mechanism),
threat anticipation, interpersonal sensitivity, negative
affective appraisals, resilience, self-compassion, emotion
regulation, and physiological markers of stress reactivity
(secondary candidate mechanisms) at postintervention and
4-week follow-up; and

4. to explore whether the effects of the EMIcompass
intervention on psychological distress, primary (ie,
psychotic, manic, anxiety, or depressive) symptoms, and
general psychopathology are mediated via pathwaysthrough
stressreactivity, threat anticipation, interpersonal sensitivity,
negative affective appraisals, resilience, self-compassion,
and emotion regulation.

Methods

Study Design

Inan exploratory RCT, youth aged 14-25 yearswill be randomly
assigned to the EMIcompass intervention in addition to TAU
(experimental condition) or a control condition of TAU only,
which will include routine mental health care. Participants will
be recruited from mental health services in Mannheim,
Germany, and via advertisements on the institute’s webpage,
Facebook, and Instagram and via loca registries. Candidate
mechanisms and outcomes will be assessed before
randomization (at baseline), at the end of the 6-week
intervention period (postintervention), and at the 4-week
follow-up (ie, 4 weeks after completing the intervention period)
by blinded assessors (Figure 1). Randomization will be
conducted by an independent researcher using a
computer-generated sequence. The assessment of outcomesand
statistical analyses will be blinded to the treatment allocation.
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Figure 1. Study flowchart. EMA: ecologica momentary assessment, collected eight times per day on 6 consecutive days (including self-reported and
activity or electrocardiography sensor); n denotes the total number of participants.
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Participants

We will recruit and randomize 92 individuals with current
psychological distress, CHARMS or a first episode of severe
mental disorder based on a modified version of the clinica
staging model by Hartmann et a [16]. Individuals presenting
to mental health services at the Central Institute of Mental
Health (CIMH), Mannheim, will be approached by a clinician
who will provide initial information about the study. If the
individual agrees, their treating clinician will pass on their
contact details to the research team. In addition, individuals
from the general population, who do not seek help from mental
health services at CIMH, will be recruited for example, via
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social media or local registries. All participants will then be
contacted by the research team, and initial information about
the study will be provided. Following this, individuals will be
fully informed about the study, and written informed consent
will be obtained by researchers with a master’'s degree in
psychology (including parents or legal guardians for minors),
which can be withdrawn at any time without any negative
consequences. Eligibility will then be assessed in an interview
using observer-rated measures (Structured Clinical Interview
for Diagnostic and Statistical Manual of Mental Disorders, fifth
edition (DSM-5) [79]; Comprehensive Assessment of At-Risk
Mental State[80] completed by the researcher; and self-reported
measures using the Kesser Psychological Distress Scae[1,81]).
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All participants will be reimbursed for their time and travel
expenses at the end of the study.

Ethics Approval and Consent to Participate

The study, titled Efficacy of a novel, accessible, transdiagnostic,
compassion-focused ecological momentary intervention for
hel p-seeking youth (EMIcompass), has received ethical approval
from the local ethics committee of the Medica Faculty
Mannheim Heidelberg University (2017-602N-MA, date:
September 7, 2017). Ethical approval was granted before
funding was obtained, given that thisisarequirement for project

Schick et &

grants by the German Research Foundation. All participants
and, in the case of individuals aged <18 years, parents or legal
guardianswill providewritten informed consent beforeinclusion
in the study. The sponsor has an insurance, which covers
accidents on the journeys to the study appointments. However,
no insurance covers harm from study participation, as this is
expected to be of low risk.

Inclusion and Exclusion Criteria

Textbox 1 provides an overview on theinclusion and exclusion
criteria, and Table 1 definestheinclusion criteriain more detail .

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

Age between 14 and 25 years

Meeting criteria for one of the following stages (based on a modified version of the clinical staging model by Hartmann and colleagues [16]):
individuals with current psychological distress (stage 1a), that is, a score of 20 or above on the Kessler Psychological Distress Scale [1,81], but
no Clinical High At-Risk Mental State (stage 1b) or first episode of severe mental disorder (stage 2); individuals who meet criteriafor a Clinical
High At-Risk Mental State (stage 1b); individuals, who meet criteriafor afirst episode of psychotic disorder, bipolar disorder, severe depressive
disorder or severe anxiety disorder according to according to the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5)
(stage 2)

High emotional reactivity assessed with atwo-item self-report measure (instruction: “Please think of the most unpleasant event in the last week:
(1) How sad, disappointed or angry have you been? (2) Have you been sad, disappointed or angry because of your feelings?’) rated on a 7-point
Likert scale (ie, ascore of 23 indicating high reactivity) or by theinterviewer-rated Comprehensive Assessment of At-Risk Mental State subscale
[80] rated on a 7-point Likert scale (ie, with arating of =3 indicating high reactivity)

Reduced positive affect (ie, amean positive affect score below 3.19 for men and 3.05 for women based on normative scores from arepresentative
sample of the German population [82]) or increased negative affect (ie, a mean negative affect score above 1.81 for men and 1.75 for women
[82]) assessed using the Positive Affect and Negative Affect Scale [83]

«  Willingnessto participate in the EMIcompass intervention

Exclusion criteria

«  Evidence that symptoms are precipitated by an organic disease

. Diagnosisof alearning disability according to case records

«  Ability to provide written informed consent (or consent by parents in the case of minors)

« A primary diagnosis of acohol or substance abuse or dependence, assessed using the Structured Clinical Interview for DSM-5 [79]

« Insufficient command of German so that the intervention cannot be followed, and outcomes cannot be reasonably assessed in German

e Current suicidal ideation (indicated by a score>4 in the Comprehensive Assessment of At-Risk Mental State [80])
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Table 1. Inclusion criteriaand transdiagnostic sample characteristics based on a modified version of the clinical staging model by Hartmann et al [16].

Stage and criteria Measure

la (distressed individuals)

*  Psychological distress (K102 score =20) but not fulfilling criteria of stage 1b or 2 + K10
1b (CHARMSP)
Psychosistrait vulnerability
*  First degree relative with psychosis and SOFAS < 50 in the last 12 months or o Family risk
«  Or SOFAS 30% below the past level + SOFAS
Psychosistrait vulnerability
«  Schizotypal personality and SOFAS <50 in the last 12 months or « scpi@
o Or SOFAS 30% below the past level . SOFAS

Bipolar trait vulner ability

»  Depressed mood or diminished interest or pleasurefor at least 1 week aswell astwo addi- «  gop-5¢
tional criteria of depression: weight loss, sleep disorder, psychomotor disturbances, loss ,  Family risk
of energy, feelings of worthlessness or guilt, diminished ability to think or concentrate or
indecisiveness, suicidality

« And mood swingsfor at least 6 monthsin the lifetime (not symptom-free for alonger pe-
riod than 2 months consecutively) and at |east three symptoms: decreased need for sleep,
increased energy, inflated self-esteem or grandiosity, increase in goal-directed activity,
restlessness, increased talkativeness, unusual ideas, risky behavior, inappropriate humor
(does not have to equal loss of function!)

o Orfirst degree relative with bipolar disorder

Attenuated psychotic symptoms

*  CAARMS global rating score of 3-6 and frequency of 3-6 on the subscales: unusual « CAARMS
thought content, nonbizarre ideas, perceptual abnormalities, disorganized speech
«  Orglobal rating score of 6 and frequency of 3 on the subscales: unusual thought content,
nonbizarre ideas, perceptua abnormalities, disorganized speech
Attenuated hypomanic symptoms
«  Elevated, expansive or unusualy irritable mood on at least 2 consecutive days « CAARMS

« And2 (orincaseof only irritable mood 3) additional criteria: inflated self-esteem or
grandiosity, decreased need for sleep, increased talkativeness, flight of ideas or subjective
experience that thoughts are racing, distractibility, increase in goal-directed activity or
psychomotor agitation, unusual ideas, increased involvement in activities that are pleasur-
able in short time but have a high potential for long-term damage

«  For aduration of 3 days maximum if 3 or more (or in case of only irritable mood 4 or
more) additional criteriaare met and there are functional disturbances or others notice the
mood or functional disturbances

»  For aduration of 6 days maximum if 3 or more (or in case of only irritable mood 4 or
more) additional criteriaare met or there are functional disturbances or others notice the
mood or functional disturbances

o Exclusion: hospitalization, severe impairment in social or professional functioning, no
psychotic elements

Moder ate (attenuated) depression

«  Mild or moderate depression (current or lifetime), that is, at least 1 cardinal symptom,5 .«  SCID-5
additional symptoms « HAM-D

*  And HAM-D%>17 (cutoff)

BLIPS"
« Global rating of 6 on the subscales: unusual thought content or nonbizarre ideas « CAARMS

«  Orglobal rating of 5 or 6 on the subscale perceptua abnormalities
« And/or global rating of 6 on the subscal e disorganized speech present for less than aweek
«  And frequency of 4-6 on all above mentioned scales
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Stage and criteria Measure
Anxiety
«  Mild or moderate panic disorder /agoraphobia (current or lifetime) « SCID-5
*  Ornot fully meeting criteriafor GAD', that is, symptoms for less than 6 monthsor less HAM-A
than four symptoms met
«  Or mild or moderate social phobia (current or lifetime)
*  And HAM-A!>9 (cutoff)
2 (first treated episode)
Psychosis CAARMS
Severe major depression (current or lifetime) SCID-5
Maniaor hypomania SCID-5
Severe anxiety disorder (current or lifetime); eg, agoraphobia, GAD SCID-5

3 10: Kessler Distress Scale[81].
PCHARMS: Clinical High At-Risk Mental State.
CSOFAS: Social and Occupational Functioning Assessment Scale [84].

dSCID I1: Structured Clinical Interview for DSM-IV Axis| Personality Disorders,
€SCID-5: Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5) [79].

fCAARMS: Comprehensive Assessment of At-Risk Menta State [80].
9HAM-D: Hamilton Depression Rating Scale [85].

PBLIPS: brief limited intermittent psychotic symptoms.

IGAD: Generalized Anxiety Disorder.

JHAM-A: Hamilton Anxiety Rating Scale [86].

Interventions

Control Condition: TAU

Participantsallocated to the TAU control condition will continue
to receive all the treatment they received before the start of the
study. Thiswill include good standard care delivered according
to local and national service guidelines and protocols by their
genera practitioner, psychiatrist, and other providersof (mental)
health care. Service contacts will be assessed for the duration
of the trial using the Client Service Receipt Inventory [87] to
monitor variation in the delivery of, and engagement with,
mental health services.

Experimental Condition: EMIcompass| ntervention Plus
TAU

The EMIcompass intervention will be delivered by trained
psychologists within a 6-week period in addition to TAU to
individuals alocated to the experimental condition. TAU
consistsof all thetreatment individualsreceived beforeinclusion
in the study, including their general practitioner, psychiatrist,
and clinical psychologist, except for treatment using elements
of third-wave CBT. The manualized EM|compass intervention
consists of four biweekly sessions (three training sessions and
one review session) with a duration of 45-60 minutes
administered face-to-face or using a certified and encrypted
video conferencing system and a 6-week compassi on-focused
EMI. An optional on-demand session will be offered if
participants are unable to complete tasks between sessions or
report acute psychological distress so that a scheduled session
cannot befollowed as per the manual. The EMI, which trand ates
the training from the intervention sessions into individuals
daily lives, will be administered through a smartphone-based
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app (movisensX S, movisens GmbH) running on dedicated study
smartphones. The first three sessions are based on elements of
compassion-focused therapy [68]. In line with our pilot study
[53], compassion-focused therapy principles and techniquesare
introduced in these guided sessions. The first session aims to
familiarize the participants with the app offering EMI. Further,
practical tasksto activate the soothing system, asakey emotion
regul ation system in compassion-focused therapy, are presented
and trained together with the psychologist, as described
elsewhere[88]. Face-to-face sessions al so offer the opportunity
to reflect on the progress and problems participants face with
EMI. Inthelast session, progresswith all taskswill bereviewed
and subjective improvement in, compliance and satisfaction,
and acceptance of the EMIcompassintervention will be assessed.

Theapp will offer EMI tasks according to three types of delivery
schemes: (1) enhancing, (2) consolidating, and (3) interactive
EMI tasks that aim for ecological trandation of therapeutic
principles and techniquesto daily life. Participantswill be asked
to complete one enhancing task per week, practicing new
compassion-focused tasks such as self-compassionate writing,
experiencing emotions as a wave, and discovering their own
compassionate self. Furthermore, participants will be offered
consolidating tasks covering components of enhancing tasks
from previous days. The components of consolidating tasks
will be extended each time an enhancing task has been presented
until all components are covered. In addition, participants will
be offered to complete a brief EMA of momentary stress,
affective disturbance, and threat anticipation six times per day,
3 days per week. On the basis of these EMAS, interactive tasks
will be offered if participants score high on momentary stress
or negative affect. Thethreshold for triggering interactive tasks
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will be either high momentary negative affect operationalized
asascore of 4 or higher (on a7-point Likert scale ranging from
1-7) on items of established and validated EMA measures of
negative affect (Textbox 2) or high momentary stress based on
items of established and validated measures of EMA of
event-related, activity-related, or social stress (ie, ascore<0on
abipolar scale ranging from -3 to 3).

Participantswill beinstructed in detail in the semantic meaning
of the 7-point Likert and bipolar scales and encouraged to
carefully observe moment-to-moment variation in, and make

https://www.researchprotocols.org/2021/12/e27462
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use of the full range when rating, these scales on EMA items
that have been previously used and validated to measure
moment-to-moment variation in stress or negative affect. Given
that a crucial element of compassion-focused therapy is for
individuals to use compassionate imagery in moments of high
stress or negative affect, these interactive tasks reflect an
important component of the EMIcompass intervention.
Participants can decline the EMI tasksin each delivery scheme.
After completing theintervention period, participantswill return
the study devices and will no longer have access to the app.
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Textbox 2. Ecological momentary assessment domains and measures.

Momentary stress

Momentary stress was operationalized as unpleasant events, activities, and socia situationsin daily life. Inlinewith previous research, we distinguished
three different types of stress, that is, event-related stress, activity-related stress, and social stress[43,89]. Participantswill be asked to report the most
important event that happened in thetime since the last assessment. Thisevent will be subsequently rated on a 7-point Likert scale (-3=very unpleasant,
O=neutral, 3=very pleasant) comprising the event-related stress measure. Activity-related stress will be assessed by asking participants to report their
current activity and then judge the valence of the activity (“Thisis...") using a 7-point Likert scale (1=very unpleasant, 7=very pleasant). Further,
social stress will be measured by asking participants to evaluate the socia context when other people were present as well as when they were aone
by answering theitems“| am taking care of myself”/*1 am taking care of somebody” and “I would rather be alone” /1 would prefer to have company”
using two 7-point Likert scales and theitem on socia valence (“Thisis...” rated on the 7-point Likert scale from 1=very unpleasant to 7=very pleasant)

Negative affect

Six items will be used to assess negative affect (anxiousness, loneliness, insecurity, anger, annoyance, and feeling down), using 7-point Likert scales
ranging from “not at all” (rating of 1) to “very much” (rating of 7)

Negative affective appraisals

In case participants report negative affect (ratings >3), two items on how they cope with their negative affect will be displayed: “| want to change my
negetive feelings” and “1 would like to get rid of my negative feelings’ using two 7-point Likert scales

Positive affect

Positive affect will be assessed by four items (cheerfulness, satisfaction, enthusiasm, and feeling relaxed) using 7-point Likert scales ranging from
“not at al” (rating of 1) to “very much” (rating of 7)

Aberrant salience

The ecological momentary assessment measure comprisesthreeitemsin linewith [43]. Theitemswill berated on a7-point Likert scale (ranging from
1[“not at al”] to 7 [“very much”]): “Everything grabs my attention right now,” “ Everything seems to have meaning right now,” and “I notice things
that | haven’t noticed before”

Self-esteem

Threeitemswill berated on a 7-point Likert scale ranging from “not at all” (rating of 1) to “very much” (rating of 7): “I feel guilty,” “1 doubt myself,”
“| feel disappointed about myself”

Self-compassion

Three items will be rated on a 7-point Likert scale ranging from “not at al” (rating of 1) to “very much” (rating of 7): “I like myself,” “| feel safe”
“| feel benevolent”

Psychotic experiences

Psychotic experiences will be assessed using eight items on thought problems and hallucinations (“1 see thingsthat aren’t really there” “| hear things
that aren’t really there,” “I feel suspicious,” “It's hard to express my thoughts in words,” “I feel unreal,” “My thoughts are influenced by others,” “I
can't get these thoughts out of my head,” “| feel like | am losing control”) that will be rated on 7-point Likert scales ranging from “not at al” (rating
of 1) to “very much” (rating of 7)

Resilience

If participants indicate that there was a negative event (valence -3 or —2), then theitem “| had difficulties to recover” will be rated on a 7-point Likert
scale

Threat anticipation

In line with previous research, we will ask participants to rate the likelihood of negative events happening to them in the future [43]. They will be
asked to think of what might happen in the next few hours and to rate the item “1 think that something unpleasant will happen” on a 7-point Likert
scale from “not at al” (rating of 1) to “very much” (rating of 7)

Disturbance

“This prompt disturbed me” will be rated at the end of each assessment on a 7-point Likert scale from “not at all” (rating of 1) to “very much” (rating
of 7)

95% of potential participants after obtaining written consent;

Clinical Feasibility, Acceptability, Treatment (3) successful randomization of at least 92 participants after

Adherence, and I ntervention Fidelity

Clinical feasibility will be assessed in relation to the tria
methodology and the delivery of the EMIcompassintervention
to youth with early mental health problems. The feasibility of
the trial methodology will be assessed based on the following
criteria: (1) successful recruitment of at least 96 participants
during the study period; (2) assessment of inclusion criteriain
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completion of eligibility and baseline assessment; and (4) a
retention rate of at least 85% for assessment of outcomes at
least at one of the two time points at postintervention and 4-week
follow-up. In addition, the following criteria will be used for
establishing the feasibility of delivering the EMIcompass
intervention, including its acceptability, intervention adherence,
and intervention fidelity: (1) satisfaction with the EMIcompass
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intervention in general, ease of use, accessibility and
comprehensiveness of various components of the intervention
in adebriefing questionnaire[30,90], and the subjective quality
of EMIcompass using the mobile application rating scale [91];
(2) compliance with, and adherence to, the EMIcompass
intervention protocol based on a satisfactory level of session
attendance, an adherence checklist covering all core components
[29,30,92], and adherence to EMI tasks (ie, mean number of
consolidating/interactive EMI tasks completed per week); and
(3) fidelity to the EMIcompass intervention protocol based on
independent ratings of a random selection of audio recordings
of three face-to-face sessions, including fidelity to session
protocol (ie, independent rating of core components delivered
by trained psychologist), ability to model and embody the spirit
of compassion, and the use of microskillsin compassion-focused
therapy assessed by the Compassion Focused Therapy-Therapist
Competence Rating Scale [93].

Candidate M echanisms and Outcomes

Overview

After obtaining written informed consent, dl eligible participants
will be assessed on candidate mechani sms and outcomes before
randomization (baseline, ty), after the 6-week intervention period
(postintervention, t;) and after a 4-week follow-up period
(follow-up, t,) by blinded assessors (Figure 1 and Multimedia
Appendix 1). Research Electronic Data Capture (REDCap) [94],
a secure, web-based software platform hosted at the CIMH
servers, will be used for data collection.

Primary Candidate Mechanism

The primary candidate mechanism is a reduction in stress
reactivity acquired by EMA from baseline to postintervention
for the experimental condition compared with the control
condition. EMA will include eight assessments per day,
scheduled at random within set blocks of time, for 6 consecutive
days at baseline, postintervention, and follow-up [43,95].
Momentary stress will be assessed using established and
validated EMA measures of event-related stress, activity-related
stress, and social stress (Textbox 2) [43,89]. We will compute
a composite momentary stress measure (ie, the mean score of
event-related, activity-related, and social stress) inlinewith the
literature [52,96,97] and the EMIcompass pilot study [53].
Negative affect will be assessed using an established and
validated EMA measure of negative affect [43]. Stressreactivity
asthe primary candidate mechanism will be computedin linear
mixed models with composite momentary stress as the
independent variable and negative affect asthe outcome variable
[43,89,95].

Secondary Candidate Mechanisms

Secondary candidate mechanisms (Multimedia A ppendix 1 and
Textbox 2) measured using EMA include threat anticipation,
negative affective appraisals, emotional resilience to stress
(operationalized as attenuated recovery in positive affect in
response to minor stressors), and elevated stress reactivity (ie,
increased negative affect) in response to event-related,
activity-related, and social stress using subscale scores of the
EMA stress measure. Threat anticipation will be additionally
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assessed using the Threat Anticipation Measure [62], asking
participantsto estimate the future likelihood of alist of negative,
neutral, and positive events happening to themselves and other
people [61-63]. Interpersonal sensitivity will be assessed using
the Interpersonal Sensitivity Measure [98] in addition to EMA.
Resilience will be measured using the Connor-Davidson
Resilience Scale [99] and the Resilience Scale [100].
Furthermore, the Self-Compassion Scale [101], the Fife Facet
Mindfulness Questionnaire [102], and the Cognitive Emotion
Regulation Questionnaire [103] will be used to assess
self-compassion and emotion regulation. In addition, we will
assess physiological markers of stress reactivity using a sensor
for ambulatory ECG and actigraphy (movisens ECGmoved)
during the 6-day EMA at baseline, postintervention, and at
follow-up.

Candidate Primary Outcome

The candidate primary outcome of this exploratory RCT is
psychological distress measured using thewell-vaidated Kesser
Psychological Distress Scale [81]. The 10 items arerated on a
1 (never) to 5 (always) Likert scale focusing on psychological
distressin the last month. Strong psychometric properties have
been reported with ardiability of Cronbach a>.90 [81].

Candidate Secondary Outcomes

Secondary outcomes include primary (ie, psychotic, manic,
anxiety, or depressive) symptomsand general psychopathol ogy.
These will be assessed using the following observer-rated
measures: the Brief Psychiatric Rating Scale [104], including
the Comprehensive Assessment of At-Risk Mental State [80],
the Young Mania Rating Scale[105], the Hamilton Depression
Rating Scale [85] and the Hamilton Anxiety Rating Scale[86].
On the basis of these measures, we will assess the transition to
another clinical stage (according to a modified version of the
clinical staging model by Hartmann et a [16]; see above). In
addition, the following self-report measures will be used: the
Brief Symptom Inventory [106], the Beck Depression Inventory
[107], and the Prodromal Questionnaire [108]. Secondary
outcomes further include quality of life measured using the
WHO-Quality of Life assessment [109].

Other Measures

Other study parameters will include basic sociodemographic
characteristics, familial risk factors for psychopathology, and
other parameters (including age, sex, alcohol or substance use,
and childhood trauma [110]). The Client Service Receipt
Inventory [87] will be used to record patients' contacts with
mental health services, monitor variationin the delivery of TAU,
and model economic outcomes for a definitive trial. The
Working Alliance Inventory [111,112] will be used to assess
the relationship between practitioners and patients.

Sample Size

A forma sample size calculation is not essential for this
exploratory trial, which primarily seeks to establish feasibility,
effects on candidate mechanisms, and initial signals of efficacy.
In planning, we aimed to determine the sample size in such a
way as to establish the feasibility of the methodology for
conducting an RCT and delivering the EMIcompassintervention
to youth with early mental health problems and initial signals
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of the efficacy of EMIcompass in reducing psychological
distressasa candidate primary outcome (see Statistical Analysis
Plan [113] for further detail) as a basis for a future definitive
trial. For thelatter, previous studies of third-wave CBT [72,114],
including compassion-focused interventions [68,77], suggest
that these types of interventions may yield clinically meaningful
reductionsin psychological distress of moderate to large effect
size. This is consistent with the initial findings from an
uncontrolled phase | pilot study [53]. However, evenif the effect
size for the main effect of condition on psychological distress
(primary outcome) in this exploratory RCT is small, a power
simulation in the R environment indicated that a sample size of
N=80 participants (40/40, 50% experimental, 40/40, 50% control
condition) would be sufficient to detect a small effect size of
0.3 across the postintervention 4-week follow-up with a power
of 81% when testing at a=.05 for the effect of condition
(experimental vs control condition) on psychological distress
using linear mixed modeling, which will be tested using a
Wald-type test of no difference between the two conditions
across both time points against the two-sided aternative
hypothesis that the conditions are, on average, different across
the two follow-up time points (given the exploratory nature of
thistrial), while controlling for baseline psychological distress
and group status. At the 4-week follow-up, we expect an attrition
rate of 15%, resulting in aloss to follow-up of approximately
6 individuals per condition on average (Figure 1). Therefore,
wewill randomize atotal of 92 participants at baseline, leaving
80 participants at follow-up to detect a small effect size of 0.3
at thistime point. This sample sizeis also sufficient to test the
criteriafor establishing feasibility. Simulation studies on power
and accuracy for multilevel mediation models with continuous
variables[115] and our recently completed multilevel moderated
mediation analysis of EMA data[42] suggest very little biasin
parameter estimates with samples of this size (and 40 repeated
measures, on average, per participant).

Randomization and Blinding

Participants will be randomized at a 50:50 ratio to the
experimental or control condition at the level of the individual
participant after completion of the baseline assessment. Block
randomization in blocks of four will be performed by an
independent research assistant through a computer-generated
sequence, with stratification for the three stages (ie, stages 1a,
1b, and 2). The assessors will be blind to the alocation of
participants when assessing outcomes at postintervention and
follow-up. Any data specific to the intervention group (eg,
clinical feasibility) will be stored in aseparate database. Breaks
inmasking will be documented, and another (blinded) researcher
will repeat the assessment to maintain masking.

Assessment of Safety

Serious adverse events (SAES) will be monitored throughout
the entire study period and reported to the accredited Medical
Ethics Review Committee, the Data Monitoring and Ethics
Committee (DMEC), and, where required, the Trial Steering
Committee (TSC). SAEs are any serious incidents that result
in death, persistent or significant disability or incapacity that
require hospitalization, or life-threatening situations. SAEs are
not expected to occur asaresult of theintervention. If there are
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doubts about safety or ethical concerns, the TSC will terminate
thetrial. The DMEC will advise on safety and ethical concerns,
monitor evidence for harm by the intervention (eg, SAES) in
the experimental condition, and review whether these events
arein line with expectations. If deemed necessary, the DMEC
can recommend to the principal investigator (PI) and TSC for
interim analyses to be conducted and the trial to be terminated
prematurely.

Statistical Analysis

The primary objective of this exploratory RCT is to establish
thefeasibility of thetrial methodology and intervention delivery
andinitial signalsof efficacy on the candidate primary outcome
(ie, psychological distress) asabasisfor afuture definitivetrial.
In addition, thistrial seeksto obtain parameter estimates (95%
Cl) for the effects on primary and secondary candidate
mechanisms and candidate secondary outcomes. A detailed
Statistical Analysis Plan[113] has been agreed withthe DMEC
and the TSC and has been preregistered and published on the
Open Science Framework. It was registered while collecting
the data before study completion and accessing the locked
database. Descriptive statistics will be used, and Cls will be
constructed as appropriate to compute basic sample
characteristics and address the primary aim of establishing the
feasibility of the trial methodology and intervention delivery
based on the criteria described above and in further detail in the
Statistical Analysis Plan using three categories (in line with a
traffic light system): (1) feasibility fully established (green), (2)
feasibility established, but study procedures need to be modified
(yellow), and (3) feasibility not established (red) [113]. The
analysis of candidate mechanismsand initial signalsof efficacy
has been described in detail inthe Statistical AnalysisPlan[113]
and will be an intention-to-treat analysis or an available case
analysis following intention-to-treat principles, with datafrom
all participants entered into the analysis, including those who
have low adherence to or who will drop out from the
intervention. Wewill make every effort to assessall participants
at postintervention and 4-week follow-up. Linear mixed
modeling in Stata 16 will be used to compare candidate
mechanisms and outcomes between experimental and control
conditions at postintervention and 4-week follow-up. The
primary candidate outcome of psychological distress measured
at postintervention and 4-week follow-up will be entered asthe
dependent variable and psychological distress measured at
baseline, group status (3-level factor), time (2-level factor), and
condition (2-level factor) as independent variables. The main
effect of condition on psychologica distress will be
parameterized so that it reflects the difference between the two
conditions at the two foll ow-up time points (ie, postintervention
and 4-week follow-up), which will be tested (at a=.05) by a
Wald-type test with df=1, which tests the joint null hypothesis
of no difference at both follow-up time points against the
aternative hypothesis that there is, on average, a difference
across the two follow-up time points. In addition, given the
exploratory nature of thistrial, with the main goa of establishing
feasibility and obtaining parameter estimates for a future
definitive RCT, 95% CI for the two time-specific contrasts of
a timexcondition interaction term will be inspected to obtain
estimates for the differences across conditions at each of the
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two time points, with a time x condition interaction and a
baseline psychological distressxtime interaction added as
independent variables to the previous model. Within-subject
clustering of repeated measures (postintervention and 4-week
follow-up) will be taken into account by including a level-2
random intercept and allowing the models' level-1 residualsto
be correlated with a completely unstructured error
variance-covariance matrix. The model will be fitted using
restricted maximum likelihood estimation. The analysis of
secondary candidate outcomes and primary and secondary
candidate mechanismswill, in principle, follow the same steps,
focusing on 95% Cl s (rather than P values at a<.05). Multilevel
moderated mediation analysis of EMA data will be used to
explore whether the effects of condition on primary (ie,
psychotic, manic, anxiety, or depressive) symptoms are mediated
via stress reactivity, threat anticipation, negative affective
appraisals, and interpersonal sensitivity [42]. As participants
will be randomly assigned to experimental and control
conditions, no differences across conditions are expected in
other study parameters (sociodemographic characteristics,
alcohol or substance use, and childhood trauma). No statistical
testswill be performed on these study parameters at baseline.

Results

Overview

Thetrial isongoing. It started recruitment on July 15, 2019, and
the first enrollment was conducted in August 2019. We are
currently working with trial protocol version 5 (June 24, 2020).
The last changes to the protocol were related to adaptations
because of the COVID-19 pandemic, such as introducing the
option of using video conferencing systems. As of May 2021,
enrollment and randomization were completed (n=92
participants). Assessment of outcomes at postintervention and
follow-up is still ongoing, with the last assessment for the last
participant being scheduled for August 2021. Datawill then be
entered, checked, and the database | ocked (by September 2021).
We expect results to be published in 2022.

Research Governance

The CIMH is the trial sponsor. The study has received ethical
approval by the local ethics committee (EC) of the Medical
Faculty Mannheim, Heidelberg University (2017-602N-MA).
Amendments to the study protocol will be submitted to the EC
and sent to the DMEC, TSC, and study sponsor. The trial is
registered at the clinical trial register, and changes to the
protocol will be updated. Deviations from the protocol will be
documented in the study folder using a breach report form and
will be reported to the TSC. The trial does not involve the
collection or storage of biological samples. All data will be
handled confidentially and will be coded using a number
according to the order of study entry. Data will be securely
stored in line with the European General Data Protection
Regulation. Personal data will be kept separately from
pseudonymized data. The Pl has overall responsibility for the
trial. The trial research team will meet regularly and will be
chaired by the PI. It will manage the day-to-day running of the
study, monitor the progress of the trial (ie, recruitment and
assessment), and oversee the preparation of presentations and
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reportsto EC, TSC, and DMEC. The TSC will meet biannually
and provide independent overall supervision, monitor the
progress of thetrial (eg, recruitment, datacompl etion rates, and
adherence to the protocol), and approve the protocol and any
amendments. The DMEC will meet at |east once per year, advise
on ethical or safety concerns, monitor SAEs and other evidence
of intervention harm and whether this is in line with
expectations. If deemed necessary, the DMEC can recommend
that the Pl and TSC are granted access to all trial data, to
perform interim analyses and to terminate thetrial prematurely.

Discussion

Transdiagnostic mechanisms implicated in the development of
severe mental disorders areimportant targetsfor prevention and
early intervention. Ecological trand ation of compassion-focused
intervention components to individuals' daily lives through an
EMI offers new avenues for tangible prevention strategies
delivering real-world and real-timeinterventionsthat are easily
accessible by youth [36]. Findings from a recent, nationally
representative survey suggest that psychological distress, social
isolation, lack of company, and worrying during the COVID-19
pandemic were highly prevalent in youth and, interestingly,
associated with the current use of and a positive attitude toward
digital interventions[33]. EMIsare also amenableto enhancing
access to mental health services for youth depending on their
needs and preferences, for instance, by delivering low-threshold
interventions by frontline mental health staff [116-118] as a
component that can be rolled out across adolescent and adult
mental health servicesand link in with what is urgently needed,
that is, awider youth mental health reform that aimsto provide
seamless coverage of mental health care with smooth transitions
from adolescence to mature adulthood a an age of
approximately 25 years [20]. Furthermore, EMIs allow for
investigating the strength of the evidence in support of several
causal criteria (ie, association, temporality, sole plausibility,
and ecological validity) as part of the ecological interventionist
causal model approach that targets candidate underlying
psychological mechanisms in daily life to achieve sustainable
change under real-world conditions [27]. However, robust,
trial-based evidence on EMIs and other mHealth interventions
remain very limited [26,27,29,36,116,119]. A key next step is
to examinethe efficacy of youth-friendly, accessible, interactive,
real-time interventions targeting candidate mechanisms
underlying the transdiagnostic phenotype of psychosis, mania,
depression and anxiety and thereby, help preventing adverse
outcomes later in life. While, in the current study, we use EMA
items that have been previously used and validated to measure
moment-to-moment variation in stress/negative affect, with
considerable within-person variability having been observed
for these items in severa EMA studies [43,89,120],
inter-individual differencesin within-person variability aswell
as general response tendencies may influence the number of
triggered EMI tasks and hence, further research is needed to
optimize and personalize the assignment of EMI components,
eg, by using methods of artificial intelligence, recurrent neural
networks (RNNSs) in particular [121]. For example, we currently
aim to apply recurrent neural networks in an ongoing study of
personalized digital mental health promotion and preventionin
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youth [33]. Inaddition, clinical staging models of severe mental
disorders require further scrutiny, including heterogeneity in
phenomenology, course, and outcome within individual stages
[5,122,123].

Schick et &

EMIcompass intervention in help-seeking youth showed
reductions in clinical symptoms and stress reactivity [53]. If
this exploratory trial is successful, a confirmatory RCT will be
warranted. Overall, our approach has a scalable potential to

prevent the transition of early mental health problemsto severe
and enduring mental disorders not only inindividuals at risk of
devel oping psychosis but transdiagnostically and acrossclinical
stages and, thereby, significantly advance preventive
interventions in youth mental health provision.

The present exploratory RCT isthefirst to establish feasibility,
evidence on underlying mechanisms, and preliminary signals
of efficacy of a compassion-focused, hybrid EMI for reducing
stress reactivity (EMIcompass) in youth at different clinical
stages. Preliminary evidence from a pilot study of the
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Abstract

Background: Every year, hundreds of thousands of inpatients die from cardiac arrest and sepsis, which could be avoided if
those patients' risk for deterioration were detected and timely interventions were initiated. Thus, a system is needed to convert
real-time, raw patient data into consumable information that clinicians can utilize to identify patients at risk of deterioration and
thus prevent mortality and improve patient health outcomes. The overarching goal of the COmmunicating Narrative Concerns
Entered by Registered Nurses (CONCERN) study is to implement and evaluate an early warning score system that provides
clinical decision support (CDS) in electronic health record systems. With acombination of machinelearning and natural language
processing, the CONCERN CDS utilizes nursing documentation patterns asindicators of nurses' increased surveillanceto predict
when patients are at the risk of clinical deterioration.

Objective: The objective of this cluster randomized pragmatic clinical tria isto evaluate the effectiveness and usability of the
CONCERN CDS system at 2 different study sites. The specific aim isto decrease hospitalized patients' negative health outcomes
(in-hospital mortality, length of stay, cardiac arrest, unanticipated intensive care unit transfers, and 30-day hospital readmission
rates).

Methods: A multipletime-seriesintervention consisting of 3 phaseswill be performed through a 1-year period during the cluster
randomized pragmatic clinical trial. Phase 1 evaluates the adoption of our algorithm through pilot and tria testing, phase 2
activates optimized versions of the CONCERN CDS based on experience from phase 1, and phase 3 will be asilent release mode
where no CDS is viewable to the end user. The intervention deals with a series of processes from system release to evaluation.
The system release includes CONCERN CDS implementation and user training. Then, a mixed methods approach will be used
with end users to assess the system and clinician perspectives.
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Results: Data collection and analysis are expected to conclude by August 2022. Based on our previous work on CONCERN,
we expect the system to have a positive impact on the mortality rate and length of stay.

Conclusions: The CONCERN CDSwill increase team-based situational awareness and shared understanding of patients predicted
to be at risk for clinical deterioration in need of intervention to prevent mortality and associated harm.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(12):€30238) doi:10.2196/30238

KEYWORDS

Clinical Trials.gov NCT03911687; https://clinicaltrials.gov/ct2/show/NCT03911687
DERR1-10.2196/30238

nursing documentation; prediction; early warning system; deterioration; clinical trial; clinical decision support system; natural

language processing

Introduction

Background

Every year, more than 330,000 inpatient deaths resulting from
cardiac arrest and sepsis occur [1,2], which could otherwise
have been avoided if those patients’ risk for deterioration was
detected earlier and meaningful interventions were provided.
While clinicians strive to provide the best quality care,
suboptimal interprofessional communication between nurses
and physicians can lead to delays in patient care [3-6]. Nurses
often observe subtle yet concerning changes in their patients
even before physiological conditions start to deteriorate. When
they do, they tend to increase surveillance among those patients
and documentation within the electronic health record (EHR)
[3,7-9]. However, owing to systemic problems within hospital
settings, such as physiciansfrequently needing to round between
multiple units or not having substantial time to review nurses
documentation, physicians and nurses may have different
understandings of a patient’s situation. A lack of shared
Situational awareness can inhibit the care team’s ability to deploy
early interventions directed at deterioration prevention, placing
patients at greater risk for deterioration. Real-time processing
and conversion of raw patient datainto consumableinformation,
displayed using “smart” visualizations, are therefore needed
within EHRs to ameliorate these deficiencies and ensure that
hospitalized patients at high risk for deterioration are rapidly
identified with equal understanding by al members of the care
team.

Implementing an early warning system (EWS) within EHRs
would provide users with a tool to communicate nurses
emerging concerns about changes in patient states to the
interprofessional team. EWSs have assisted clinicians in
detecting patients’ risk of deterioration sincethe 1990s[10]. In
the past, EWS algorithms were often built using clinicians
consensus[11]. Recently, aswe reported previoudy, approaches
to EWS agorithms have shifted to become more data-driven
[11], which can reveal hidden relationships that are difficult to
detect by humans. Today’s EWS algorithms, therefore, more
commonly leverage vast numbers of variables available in the
EHR, such asvital signs, level of consciousness, and laboratory
data

The COmmunicating Narrative Concerns Entered by RNs
(CONCERN) study is developing and eval uating the impact of
anew EWSthat predicts and provides clinical decision support

https://www.researchprotocols.org/2021/12/€30238

(CDS) when patients are at increased risk of deterioration.
Compared to existing EWSs, the CONCERN CDS system
defined a new source of predictive data, analyzing nursing
documentation patterns that reflect nursing surveillance and
indicate nurses' changing levels of concern. Our preliminary
study using the af orementioned approach has demonstrated that
using nursing documentation patterns as an EWS predictor
performed similarly to the Modified Early Warning Score
(MEWS), one of the most widely used EWSsinclinical settings,
which leverages the actual recorded values (eg, a heart rate of
60 BPM) asits predictors[12]. However, CONCERN was able
to detect patient deterioration 42 hours earlier than the MEWS
[13]. CONCERN'searlier detection capabilitiestherefore create
a more advantageous window of opportunity for clinicians to
anticipate and appropriately react to impending patient
deterioration.

This study proposes the CONCERN intervention trial design,
a multiple time-series intervention evaluating the system’s
implementation through efficacy evaluation to understand how
the CONCERN CDS system performs in the clinical setting.

Study Objectives

Primary Objective

Thismulti-site cluster randomized pragmatic clinical trial study
[14] (between New York Presbyterian and Mass Generd
Brigham) will assess quantitative CDS usage and monitoring
data to evaluate the effectiveness of implementing the
CONCERN CDS system to decrease hospitalized patients
negative health outcomes on acute and critical care units.

Secondary Objectives

This study’s secondary objectives are to evaluate qualitative
CONCERN CDS system usage and to conduct usability surveys
focused on the following topics: (1) perceived understandability
of the CONCERN CDS app, (2) perceived technical competence
of the CONCERN CDS app, and (3) trust in the CONCERN
CDS app (as influenced by understandability and technical
competence).

CONCERN CDS System Development

The CONCERN CDS system will be triggered on the basis of
analytics of nursing documentation through NLP, which
indicatesthe recognition of and concerns about negative patient
changes[13,15]. Testing of the predictive model underlying the
CONCERN CDS has been conducted on retrospective dataand
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findings have been published, including those that previously
highlighted that CONCERN performs similarly to the MEWS
with animproved lead time of 42 hours[13,15]. The CONCERN
CDSapp will alert theinterprofessional careteam to the patients
entering “risky states” to increase team-based situational
awareness of these patients and support them as they perform
early clinical interventions.

Conceptual Framework

A Hedlthcare Process Modeling Framework to Phenotype
Clinician Behaviors for Exploiting the Signal Gain of Clinical
Expertise (HPM-ExpertSignals) was used as the fundamental
conceptual framework of the CONCERN model [13]. This
model identifies features from user interaction with clinica
systems, which are patterns of clinical behaviors that can be
interpreted as proxies of individuals' decisions, knowledge, and
expertise. These proxies, in turn, can be used in predictive
models to identify associations with outcomes. In developing
the CONCERN early warning score, increased surveillance
beyond the standard of care was used as an indicator of acute
concern about patient deterioration.

Development: CONCERN CDS Scoring Engine

The development of the CONCERN CDS scoring engine was
separated into three stages: (1) feature selection and
preprocessing, (2) feature modeling, and (3) assignment of
colorsand postprocessing. Expert consensus, clinician feedback,
and evaluation of machine learning performance were used in
each stage to develop and assess the engine. Initial features
selected from prior research [7], vital signs and vital sign
comments frequency, were combined with features selected by
experts and were thought to be signals of clinical concern.
Additional added features including pro re nata (PRN)
medications that were administered, medications of any type
that were withheld, frequency of nursing notes being written,
and nursing note content were also included inthemodel, along
with the timesthat those actions were performed [13]. Features
wereiteratively aggregated over the past 12 hours. Final features
used in the algorithm areinformed by our cumul ative qualitative
and quantitative analyses over the years. These features were
combined using machine learning techniques (NLP, decision
trees, and logistic regression) with proxies for clinica
deterioration such as rapid response, cardiac arrest, sepsis,
unanticipated intensive care unit (ICU) transfer, and death as
the outcomes. A logistic regression—based model was chosen
for implementation because focus group with cliniciansindicated
that model explainability was important. In addition, based on
the existing information technology (IT) infrastructure at Mass
General Brigham's (MGB) hospital, | ogistic regression models
werethe most feasible to implement. The weights derived from
machinelearning were used to combinethefeaturesinto asingle
score that was reflective of clinical concern for patient
deterioration. Color coding of the score and other postprocessing
was carried out to incorporate feedback from clinicians, adjust
for demographic disparities, and retain the signal s obtained from
machine learning. We specifically evaluated our model to
identify and mitigate any racial disparities and have presented
those results here [13,15]. The resulting CONCERN scoreisa
color-coded score representative of changes in surveillance
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patternsindicative of apatient’s degree of risk for deterioration.
A red score signifies a high CONCERN level, which implies
that the patient is actively showing signs of deterioration. A
yellow scoreisarguably the most important, which impliesthat
the patient is at increased risk for deterioration, but not yet
showing signs of active deterioration. A green score represents
alow CONCERN level, which impliesthat the patient is at low
risk for deterioration. All patientswill have a CONCERN level
of gray (nonscore) until they have 12 hours of history under
acute care. To minimize aert fatigue and based on our analysis
of historical data, we configured the predictive model to targeted
specific percentiles of patients in the units with the following
scores. 2%-3% are red and 20%-25% are yellow.

Development: | terative, Participatory Approach to Design
the CONCERN CDS App

A multi-method approach, consisting of user-centered design
sessions, focus group interviews, and simul ation testing sessions
with nurses and physicians, was used to facilitate participatory
design of our CONCERN CDS app. The design was updated
iteratively after each stage on the basis of feedback collected
from the participants.

User-centered design sessions were conducted to evaluate the
preliminary design of the CONCERN CDS app. Participants
were probed about features of CDS tools they used in their
practice, which they perceived as useful. Then, focus groups
were conducted, during which the results of the preliminary
data analysis were presented in addition to mockups of the
front-end design of the CONCERN CDS app integrated into
the EHR system. Clinicianswere asked to provide their opinions
ontheclinica significance of our findings and their perceptions
of the front-end design. The last stage of the participatory
process was simulation testing. We used aweb-based, functional
CONCERN CDS prototype to assess the tool’s usability and
functionality within existing end user workflow.

Development: CONCERN CDS Technical Architecture

The CONCERN CDS app currently runs outside of the EHR
(Figure 1). The process is as follows: (1) Fast Healthcare
Interoperability Resources (FHIR) webservices (acombination
of FHIR and Epic web services are being used at one site) pull
data from the EHR backend into the CONCERN CDS engine.
(2) The patients’ demographics, clinical notes, and app logging
information areretrieved, and the CONCERN scoreis computed
in the engine and pushed back to the EHR backend using a
Simple Object Access Protocol (SOAP) service. (3) Then, the
CONCERN level, corresponding color, and description to
CONCERN score are displayed to the cliniciansin their EHR's
patient list and to nursing directors in their EHR's unit
dashboard. (4) Double-clicking the CONCERN level icon in
the EHR front end will seamlessly bring the user to the
CONCERN web app, which provides detailed information about
the CONCERN model, including factorsthat contributeto each
patient's specific CONCERN level and CONCERN level
trendline over 72 hours. Users can click on a specific factor and
that datafrom the patient’s chart will be readily available. Given
that the control and intervention groups of this study include
inpatient acute and intensive care units, the color indicators are
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integrated into the existing EHR patient list and will only be visible for inpatients in these units.

Figure 1. Technical architecture of the COmmunicating Narrative Concerns Entered by Registered Nurses (CONCERN) clinical decision support
(CDS) app. API: application programming interface; EHR: electronic health record.
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Methods

CONCERN Intervention Trial Design

The CONCERN intervention trial design will be a cluster
randomized pragmatic clinical trial with a multiple time-series
intervention [14] (Figure 2). The tria has received institution
review board approval at ColumbiaUniversity and Mass Generd
Brigham. A multiple time-series intervention is used to assess
the impact of the CONCERN CDS system because it allows
for periodic eval uation and model optimization (ie, wecanrefine
our models on the basis of continuous data monitoring).
Randomization will occur at the cluster level; we define the
cluster astheclinical unit (ig, clinical ward) that the patientsin
our trial are admitted to. There will be atotal of 86 intervention
and control units across all sites, with the intervention and
control groups randomly assigned using a random number
generator. Study unitsinclude nonspecialty acute and intensive
units. Randomization does not occur at the individual patient
or clinician level in order to mitigate potential cross-over
between control and intervention groups owing to clinician
movement throughout the hospital. Basdine data will be
collected prior to theintervention. Silent rel ease mode (no CDS

https://www.researchprotocols.org/2021/12/€30238

EHR Front End
- Patient list, director dashboard

viewable to the end user) will be used in nonequivalent control
units and as a postintervention unit control to evaluate whether
notifying clinicians can decrease rates of negative clinica
outcomes. Silent mode is a functionality that allows the CDS
logic to actively run within the system and log its activity for
later analysis, but not display any information or alerts to the
user.

The primary outcomes are in-hospital mortality and length of
stay; and secondary outcomes are cardiac arrest, unanticipated
ICU transfers, and 30-day hospital readmission rates.

Three phases will be conducted through a 1-year period, and
CONCERN CDS will be updated between each phase on the
basis of the latest findings. Phase 1, the “burn-in” phase, will
evaluate adoption of, and adaptation to, our algorithm. In the
case of the Mass General Brigham site, the burn-in phase will
be separated into two processes: pilot testing and trial testing.
Phase 2 will activate the optimized versions 2 and 3 of the
CONCERN CDS, whichwill be optimized based on experience
fromthe burn-in phase 1. Inthefinal phase, phase 3, the system
will be set to silent release mode where no CONCERN levels
are displayed within the patient list.
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Figure 2. Cluster randomized pragmatic trial design with multiple time-series intervention. B: Baseline data; MGB: Mass Genera Brigham; NYP:
New York Presbyterian; Silent: CONCERN CDS will function but will not display to clinician; Active: CONCERN CDS will display to clinician; V1:
version 1, refined on the basis of continuous monitoring of data; V2: version 2, refined on the basis of continuous monitoring of data; V3: version 3,

refined on the basis of continuous monitoring of data.
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CONCERN Intervention

Nurses and physicianswho work on intervention unitswill have
the CONCERN Score columnintegrated into their EHR patient
list. The color-coded CONCERN scoreicon (red, yellow, green,
and gray), which indicates the level of patient risk for

deterioration, will be displayed in this column (Figure 3). The
control units will not contain the CONCERN score column.
Even if control group participants manage to manually add the
CONCERN score column to their patient list view by
themselves, only gray color (nonscores) will be displayed since
their units and patients are excluded from the model.

Figure 3. COmmunicating Narrative Concerns Entered by Registered Nurses (CONCERN) Score column in Mass General Brigham's Epic patient list.
Epic screen shot used with approval by 2021 Epic Systems Corporation. © 2021 Epic Systems Corporation.
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Clinician Training

A training period will be conducted with nurse and physician
end users from the intervention units prior to implementation
to promote effective use of the CONCERN CDS app. The
training plan was established with physician and nursing leaders
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who participated in user-centered design, focus group interviews,
and simulation sessions. The training curriculum will last
approximately 30 minutes and will be executed in groups or
individually in consideration of each clinician's schedule. In
addition, educational materials such as informative posters,
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pocket reference cards, and CONCERN tip sheets will be
distributed on intervention units before and throughout thetrial.

Study Setting

The CONCERN CDS system will be integrated into the EHR
at New York Presbyterian's Columbia University Medical
Center (NYP-CUMC) and the Allen Hospital (NY P-Allen),
Mass General Brigham's Brigham and Women's Hospital
(MGB-BWH), and Newton-Wellesley Hospital (MGB-NWH).
Our system will beimplemented in 21 intervention and control
units (721 beds) at NYP-CUMC, 5 intervention and control
units (147 beds) at NY P-Allen, 55 intervention and control units
(663 beds) at MGB-BWH, and 5 intervention and control units
(153 beds) at MGB-NWH, yielding a total of 86 intervention
and control units across al sites. Clinica unit room and bed
counts are known to fluctuate dightly as aresult of continuous
updates in hospital operations, including in response to the
COVID-19 pandemic. Therefore, the counts listed are subject
to change.

Study Participants

All patients over 18 years of age admitted to one of our 86 study
units will be enrolled in the trial. Hospice and palliative care
patientswill be excluded. All nurses and physicians at our study
sites will be eligible to participate in a usability survey. All
clinicians are expected to be above the age of 21 years of age.
Minorswill be excluded from participating in the study.

Data Collection and Analysis

Qualitative Evaluation

The individual and group interviews will be conducted with
nurses and physi cianswho have used the CONCERN CDS app.
They will mainly focus on thefollowing: (1) assessing perceived
understandability of the CONCERN CDS app, (2) evaluating
perceived technical competence withthe CONCERN CDS app,
and (3) gauging trust in the CONCERN CDS app (asinfluenced
by understandability and technical competence). Participation
will be voluntary, and all recruitment materials—including
emails, flyers, and information sheets—will reflect that fact.
The interviews will be conducted and recorded using Zoom (a
Health Insurance Portability and Accountability Act
[HIPAA]—compliant Zoom account will be used for all
interviews) or in person, transcribed using a HIPAA-compliant
professional service, and coded using NVivo software.

Quantitative Evaluation

Quantitative CONCERN intervention trial data collection and
analysis includes the collection of pre- and postintervention
data during the 6 months before and 12 months after
implementation. Prior to conducting hypothesestests, descriptive
statistics will be used to describe outcome variables and key
confounding variables. We propose a generalized linear mixed
model to examinetheimpact of the CONCERN system on each
of the two primary outcomes: in-hospital mortality and length
of stay. This model is used to deal with combined data from
multiple sites and can account for changes over time. It also
allows different baselines and trajectories to account for the
contrasting ICU and non-ICU settings and can include both
patient-level and unit-level covariates. Wewill include avariable
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for closed versus open units in our analysis. We will estimate
statistical power for the comparison of mortality rates between
theintervention and nonintervention periods and between silent-
and active-model periods.

All power calculations will be based on 2-sided tests with
Cronbach a=.05. Using hospitalized patients’ statistics, we
expect at least 2000 total admissions per month (ranging from
38 to 270 admissions in different units) with a mean length of
stay of approximately 6 days. Each intervention period (pre-
and postintervention periods) will be 6 months; therefore, we
expect approximately 12,000 patientsin each period. For length
of stay outcome analysis, we will have at least 80% statistical
power to detect arelative difference of 2% in the length of stay.
Based on hospitalized patients' statistics, mean mortality rates
of 37.5 (range 11.9 to 48.8) deaths per 10,000 inpatient days
were obtained. Using a conservative number of total 50,000
inpatient daysin each intervention period, we will have at least
80% statistical power to detect arelative difference of risk ratio
of 0.76 in mortality rates.

Thereis no consensus regarding the best method for analyzing
length of stay. Length of stay has been analyzed using both
Poisson models (or negative binomial [NB] models or other
related models such as Zero-truncated Poisson models) and
survival models (such as Cox proportional hazard models) [16].
Both approaches will be applied to the length of stay, and the
better predictive performing model, measured by the average
squared error (ASE) for individuals from atesting data set, will
be retained. Secondary outcomes include 30-day hospital
readmission, cardiac arrest, and unanticipated transfers to the
ICU, as well as analytics of CONCERN system log-files for
clinician usage metrics.

Results

Thistrial has been approved by the institutional review boards
at Columbia University Medical Center (protocol AAAR13389)
and Mass General Brigham (IRB protocol 2015P002472). Data
collection and analysis are expected to conclude by August
2022. The CONCERN CDS system is expected to have a
positive impact on patient health outcomes (ie, reduced mortality
and shorter hospital stays).

Discussion

Expected Findings

The CONCERN CDS leverages our predictive algorithm to
determine and assign each patient a“CONCERN Level” (red,
yellow, or green), representing a patient's risk level for
deterioration. The CONCERN CDS hasthe potential to impact
yellow-coded patients most significantly, as greater care team
awareness, increased surveillance, and early interventions can
help prevent these vulnerable patients from deteriorating.
Generally speaking, CONCERN will be less impactful on
patients who receive a red CONCERN level because they are
likely actively deteriorating to such an extent that clinicians
will aready be aware of those declining health statuses.
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Reduce CDS Alarm Fatigue

CDS aarm fatigue has been reported as athreat to patient safety
[17]. We have expl ored this phenomenon in user-centered design
and focus group interviews and found that clinicians do not
want interruptive alarms, as these contribute significantly to
alarm fatigue. Therefore, the CONCERN CDS app was
integrated into the existing EHR patient list function and was
designed to only display colored circle icons to easily
communicate the degree of deterioration risk without
interrupting clinician workflow. In addition, an asterisk (*) will
appear next to the CONCERN level icon any time the score's
color has recently changed (eg, a score that has changed from
green to yellow, red to green, etc, within the past hour).

We also addressed CONCERN CDS scoring sensitivity in our
algorithm development. If the scores are too sensitive, and the
system designates too many patients as at above-average risk,
over time they could cause users to perceive the tool as
meaningless, especialy in the ICU. The distributions of risk
scores present at any given time are therefore controlled by our
algorithm, limiting the number of patients who receive yellow
and red scores to simply 10% and 2%, respectively. Score
sensitivity is further controlled on the basis of unit type (ICU
versus non-1CU), asICU patients at baseline tend to bein more
critical health states and require more attention and extreme
treatment measures than non-1CU patients.

Risks and Discomforts

Because the core function of the CONCERN CDS appisto aid
clinicians recognizing and taking measures to quickly and
effectively treat patients at risk for deterioration, there are no
anticipated physical risks in the study. Moreover, the
CONCERN CDS will initialy be deployed in “silent” mode,
allowing for adequate evaluation and validation that it is
functioning properly before it is activated for clinicians
providing patient care. The CONCERN CDS app will be
monitored closely with manual and automated review of
log-files to ensure it is suitable for patient care. If any critical
issue with the system should arise, which negatively impacts
or impedes patient care, it will beimmediately turned off, while
diagnostic measures, such asretracing the software devel opment
lifecycle steps, are to be performed and solutions would be
found. Then, only after thorough testing of the updated system,
specifications, and fixes to the software reliably demonstrate
that the solutions have addressed those issues, will the system
be reactivated.

Integration Within Wor kflow

Implementation of the CONCERN CDS app is focused on
integrating the tool within the users' existing workflow as
seamlessly aspossible. To best complement established clinical
environments and cultures, the CONCERN implementation
training strategy was constructed with physician and nursing
leaders. The first step of this strategy is selecting champions
among the professional development managers and nurses in
charge from intervention units. The champions play an integral
role in ensuring that integration of the CONCERN CDS app
into their units' workflows is carried out harmoniously and in
facilitating communication channels between the tool’'s end
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users and study team. Champions will also be trained as
CONCERN *“superusers,” who in turn will train and support
clinicians on the processes and rationale for using the app
through all facets of the pre-, mid-, and postimplementation
periods. Similarly, the CONCERN team will provide champions
with educational material (eg, posters and pocket cards),
maintain constant contact, and remain easily accessibleto assist
them in these training efforts whenever and however needed.

Study Limitations

Aswithall EWS models, clinical outcomes may underrepresent
the impact of an EWS intervention on “at-risk” patients who
receivetimely and successful interventions and therefore do not
experience a negative outcome. Additionally, the impact of
clinician expertise and team coherence on patient outcomes has
been considered and should be studied. However, quantifying
information about the quality of the nurse and physician
relationship into actionable CDS for predictive validity is not
currently feasible and is beyond the scope of this study. The
interplay of personality, temperament, and other factors in
addition to work history would be pertinent for such an analysis.
SCR'swork at MGB and NYP [5,6,18,19] validated that care
teams consistently leverage verba conversations for
decision-making while referencing CDS and other EHR
information. Therefore, the extent to which expertise of one
care team member or trainee has influenced a decision and the
team’s dynamic is either not consistently recorded in the EHR,
or if recorded islikely not documented in real time[19]. Thus,
it is not practicable to perform real-time predictive analytics of
these types of care team dynamics. However, by designing the
CONCERN CDS agorithm to utilize data over 12 hours for
hourly calculations, we are able to capture and use any
documentation that is delayed and is not in real time. Another
potential limitation is that the CONCERN system might cause
clinicians to overlook patients with a green CONCERN level
because of perceived low risks. Nonetheless, during training,
clinicians are encouraged to use the tool as an additional feature
that helps them with CDS rather than a definitive tool to guide
their decisions. We shall obtain a better understanding of the
effect of the CONCERN CDS and its impact on clinician
behaviors during outcome evaluation.

Conclusions

Our study defined anew source of predictive data by analyzing
the types and frequencies of nursing documentation indicative
of nurses developing concerns about their patients, and
subsequent increased surveillance, to build an early warning
score system—the CONCERN CDS system. The CONCERN
CDS system will be released and evaluated in 2 different health
care systems through a multiple time-series trial protocol that
consists of 3 phases. The impact on health outcomes and the
usability of the CONCERN CDS by the end users will be
eva uated through amixed methods (quantitative and qualitative)
approach. We expect the CONCERN CDS will increase
team-based situational awareness, shared understanding of the
patient situation, and timely recognition of patients predicted
to beat risk for deterioration to influence rapid intervention that
prevents mortality and associated harm.
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Abstract

Background: Musculoskeletal conditions account for 16% of global disability, resulting in a negative effect on millions of
patients and an increasing demand for health care use. Digital technologies to improve health care outcomes and efficiency are
considered a priority; however, innovations are rarely tested with sufficient rigor in clinical trials, which is the gold standard for
clinical proof of safety and efficacy. We have developed a new musculoskeletal digital assessment routing tool (DART) that
allows usersto self-assess and be directed to theright care. DART requiresvalidation in areal-world setting before implementation.

Objective: This pilot study aims to assess the feasibility of a future trial by exploring the key aspects of trial methodology,
assessing the procedures, and collecting exploratory datato inform the design of adefinitive randomized crossover noninferiority
trial to assess DART safety and effectiveness.

Methods: We will collect data from 76 adults with a musculoskeletal condition presenting to general practitioners within a
National Health Service (NHS) in England. Participants will complete both a DART assessment and a physiotherapist-led triage,
with the order determined by randomization. The primary analysiswill involve an absol ute agreement intraclass correlation (A,1)
estimate with 95% CI between DART and the clinician for assessment outcomes signposting to condition management pathways.
Data will be collected to allow the analysis of participant recruitment and retention, randomization, allocation conceal ment,
blinding, data collection process, and bias. In addition, the impact of trial burden and potential barriers to intervention delivery
will be considered. The DART user satisfaction will be measured using the system usability scale.

Results: A UK NHS ethics submission was done during June 2021 and is pending approval; recruitment will commence in
early 2022, with data collection anticipated to last for 3 months. The results will be reported in afollow-up paper in 2022.
Conclusions: This study will inform the design of a randomized controlled crossover noninferiority study that will provide
evidence concerning mobile health DART system clinical signposting in an NHS setting before real-world implementation.
Success should produce evidence of a safe, effective system with good usability, potentially facilitating quicker and easier patient
access to appropriate care while reducing the burden on primary and secondary care musculoskeletal services. This rigorous
approach to mobile health system testing could be used as a guide for other developers of similar applications.

Trial Registration: Clinical Trials.gov NCT04904029; http://clinicaltrials.gov/ct2/show/NCT04904029

International Registered Report Identifier (IRRID): PRR1-10.2196/31541

(JMIR Res Protoc 2021;10(12):€31541) doi:10.2196/31541
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Introduction

Background

Muscul oskeletal disorders (M SDs) are the leading contributors
to years lived with disability worldwide and have shown an
increase in disease burden over the past decade [1-3].
Muscul oskeletal conditions can affect as many as 1 in 4 adults
and are set to continue rising, being associated with decreased
life expectancy and reduced activity [4,5]. MSDs are preval ent
throughout the life span and associated with early work
retirement and reduced ability to participate socialy [5]. In
devel oped countries, they present the most significant proportion
of lost productivity in the workplace, leading to a significant
impact on the gross domestic product and health care costs[6,7].

In the United Kingdom, this poses a financial and societal
challenge, costing >£4.76 billion (US $6.35 billion) of the UK
National Health Service (NHS) resources and using up to 30%
of primary care physician visits annualy [8,9]. A freedom of
information request has revealed that the average waiting time
for NHS musculoskeletal outpatient physiotherapy services
exceeded 6 weeksin the year to April 2019, with some patients
waiting 4 monthsfor routine appointments[10]. Longer waiting
times can result in delays to physiotherapy services, with
potentially detrimental effects on pain, disability, and quality
of life[11,12]. The increasing proportion of burdens on public
health services because of MSDs has highlighted the need for
atargeted policy response [3,13].

Access to theright person, right place, first timeis considered
akey factor in improving musculoskeletal condition outcomes
and reducing unwarranted variation in clinical pathways, such
as unnecessary secondary care consultations and investigations
[14]. Musculoskeletal triage as a single point of access is
effective across various outcome measures, including user
satisfaction, diagnostic agreement, appropriateness of referral,
and reduction in patient waiting times [15]. Importantly, triage
has a so shown areduction in costs across the muscul oskel etal
pathway, which is particularly crucial in overburdened health
care systems, where triage can be performed effectively via
several methods and by arange of clinicians [16-18].

Remotetriage services such astel ephone and video consultations
or web-based or digital applications have the potential to reduce
waiting times and musculoskeletal caseload [15,19]. Direct
access to these services with initial assessments by
physiotherapists may be a viable, cost-effective solution for
managing the growing burden of MSD demand and workloads
[19-22], with recent advances being made in digital primary
care triage applications [23,24]. Some research has suggested
that physiotherapy-led telephonetriageis shownto beclinically
as effective as usual care [21,25] and broadly acceptable to
patients with MSDs seeking early physiotherapy advice [26].
However, barriers include the time required to reach a triage
outcome, limited patient and professional trust, and
interoperability problems. It should aso be noted that

https://www.researchprotocols.org/2021/12/e31541

comparisons between studies are hampered by variations in
outcome measures and lack of randomization and statistical
power, making any generalizations across health care settings
problematic.

Mobile health (mHealth) technology has been proposed as a
cost-effective solution for improving health care delivery
[27,28]; however, this requires robustly tested and validated
web-based triage platforms to signpost patients with MSDs to
an appropriate level of care [19,29]. Standards and guidance
for safe and effective implementation of mHealth apps have
been published by severa national and international
organizations, all specifying a requirement for evidence of
clinical safety and effectiveness [30-38]. A UK evidence
standards framework specifically requires as the best practice
standard a high-quality randomized controlled study or studies
donein settingsrelevant to the UK health and social care system,
which compare the digital health technology with a relevant
comparator and demonstrate consistent benefits, including
clinical outcomesin the target population [30].

To date, thereislimited evidence regarding the use of web-based
or digital triage platforms for MSDs specifically, and most
investigations have focused on the performance of generic
symptom checkers, covering a wide range of clinical
presentations. However, the evidence from these studies
concerning clinical- and cost-effectiveness, signposting to
appropriate services, patient compliance, and safety was found
to be weak or inconsistent [29]. A review of 36 primary care
generic diagnostic and triage symptom checkers on web-based
or mobile platforms found that appropriate triage advice was
given for only 49% of the 688 vignette cases, with appropriate
triage advice being given most frequently for emergency (63%)
or urgent care (56%) and nonurgent care being accurate in only
30% of cases [39]. This finding is consistent with previous
literature that evaluated web-based generic symptom checkers
for self-diagnosisand triage [40]. A systematic review of generic
health digital and web-based symptom checkers found
algorithm-based triage to be inferior and more risk averse in
providing appropriate triage advice compared with doctors and
health practitioners [29]. Although most system developers
consider this to be a safe approach, incorrect or unnecessary
clinical escalations have been shown to adversely affect user
trust and system adoption [41]. It is proposed that the digital
assessment routing tool (DART) may overcome the limitations
of existing generic symptom checkers and triage platforms by
narrowing the scope of the tool and refining clinical algorithms
to specifically address MSD presentations. The potential to
improve triage efficiency and timely signposting of patients
with MSDs to an appropriate level of care is potentialy
significant.

DART Overview

DART (Optima Headlth) is the first contact mHealth system
designed specifically for the management of MSDs. Theclinical
algorithms are configured to provide the patient with a
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recommendation for the correct intervention level. The patient
can self-assess using a computer, tablet, or smartphone.
Alternatively, the content can be delivered by aremotely situated
clinician or nonclinical administrator by telephone or video call.
Once the affected body region has been selected, the patient is
presented with a varying number of questions, depending on
the nature of their symptoms and previous responses. Serious
pathology is screened for, and appropriate signposting is given
at the start of the assessment, with less urgent medical referrals
being identified as the patient passes through the questioning.

Figure 1. Digital assessment routing tool mobile health system.
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Previous Work

Thispilot study ispart of alarger project, bringing DART from
concept to implementation through a series of clinica and
academic research work packages.

To assess the algorithm’s clinical validity, 2 reports were
commissioned by Optima Health and undertaken by a panel of
5 consultant clinicians experienced in the muscul oskeletal field,
which comprised a consultant rheumatologist, a consultant
orthopedic surgeon, a consultant sports and exercise physician
and senior clinical lecturer, an honorary general practitioner
(GP) in emergency care, and a consultant physiotherapist and
academic lead. Thefirst round of desktop evaluation comprised
the panel inputting symptoms from 100 clinical scenarios
(including red flags and complex presentations) into DART.
The DART recommendation was then assessed by the panel as
being correct, arguably correct, or disagree. Feedback from the
panel wasincorporated into anew iteration, leading to improved
DART accuracy during the second review. On the basis of their
opinion, the panel recommended that clinical validity was
sufficient to allow DART to proceed to further research studies.

Real-world usability testing has been completed using an
iterative convergent mixed methods design incorporating patient
and public involvement [42], the results of which will be
reported later in 2021. This study optimized usability in the
final DART iteration that will be used in this pilot study and
subsequent main trial.
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Algorithms are configured to match the provider’'s clinical
services based on evidence-based practice and sector-specific
referral criteria. DART can be applied across any number of
health care systems, including public and private services, and
typically signpoststo emergency or routine medical assessment,
specific condition specialists, physiotherapy, self-management
programs, or psychological support services. DART has an
integral reporting function that allows the analysis of individual
and amalgamated patient data to assess the system and clinical
pathway performance (Figure 1).

Inderstanding your symptom:

Optima
Health

Physiotherapy Assessment

@)

Do you have any of these symptoms most
of the time?

= Pain that spreads down your arm and
below your elbow
- Weakness, tingling or numbness that

URN: 3883

spreads down your arm and below your Assessment complete
elbow
Assessmen t recomment dation:
Physiotherapy referral

AAAAA

or E

Research Aims and Objectives

Theaim of thisstudy isto facilitate the delivery of afuturetrial
by exploring key aspects of trial methodology, ng the
procedures, and collecting exploratory datato inform the design
of a definitive, randomized, crossover, noninferiority trial to
assess DART safety and effectivenessin an NHS primary care
setting.

Primary Objective

The primary outcome measure is to collect exploratory data
about the agreement of triage decisions made by the DART
system and physiotherapy-led triage, which will provide a
variance (SD) estimate required for the sample size calculation
inthe main trial.

Secondary Objectives
The secondary outcome measures are as follows:

1. Evauatethe number of peoplewho sign up and areretained,
with a dropout rate and identification of when dropouts
happen

2. Evaluatethe systemsfor randomization and data collection
(effectiveness, process of implementation, allocation
concealment, and bias)

3. ldentify the burden on the patient and therapist (treatment
delay, DART procedure complexity, and additional
guestions)

4. |dentify barriers in the proposed intervention delivery
processes
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Methods

Design

A pilot randomized, single-blinded, crossover, noninferiority
trial will be conducted to compare the safety and efficacy of
DART signposting with physiotherapy-led triage outcomes in
an NHS primary care setting. This preliminary study was
designed in accordance with the CONSORT guidelinesfor pilot
and feasibility trials[43], CONSORT guidelinesfor equivalence
and noninferiority randomized trids [44], and the
CONSORT-EHEALTH (Consolidated Standards of Reporting
Triasof Electronic and Mobile Health Applications and Online
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Telehealth) checklist [45]. Moreover, the trial design will not
influence the care or triage decisions made by the usual care
clinicians. Participants will complete both a DART assessment
and a physiotherapy-led triage assessment on the same day,
with randomization determining the order in which thisisdone
(Figure 2).

The outcomes available to the physiotherapist will be matched
by those available within the DART, allowing direct comparison
between the 2 assessment outcomes (Table 1). Following their
DART assessment, the participant will use a web-based
guestionnaire to compl ete the system usability scale (SUS) [46]
to measure user satisfaction.

Figure 2. Study design and participant flowchart. DART: digital assessment routing tool; MSD: musculoskeletal disorder; NHS: National Health

Service.

MED

identification of potential participants
Recruitment of M HS primary care patients with

Eligibility screening {n=}

Excluded [n=)
Not meeting inclusion criteria [n= |
Dreclined to participate [n= )
Other neasons [n=)

Enroliment {n=}
Oral info mation to participant
On-linew ritten consent

Randomization (n=}

i

|

DART assess ment

Physiotherapist-led triage assessment

Physio-led triag e assessment

DART assessment

DART recommendation and

Dropouts {n=)

(n=)

Physio-led triage recor o

Reasons for dropping out

Table 1. All possible outcomes and suboutcomes from the digital assessment routing tool and physiotherapist-led triage assessment.

Medical care FCP? physiotherapist Physiotherapy care Remote self-management
Emergency care (accident and emergency refer- N/AP Post fracture or surgery physio- Supported self-management
ral/NHS111) therapy

Urgent primary care physician (GF°) Urgent FCP Urgent physiotherapy referral  Continue self-management advice
Routine primary care physician (GP) Routine FCP Routine physiotherapy referral  Web-based support material
Consultant review N/A Physiotherapy referral plus Digital self-management

psychosocial support

8FCP: first contact practitioner.
BN/A: not applicable.
CGP: general practitioner.
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Recruitment

A total of 76 participants will be recruited for this pilot study
using purposive sampling from a single NHS general practice.
Monthly MSD referral volumesfar exceed the number required
for the study, which should support the completion of data
collection within the anticipated study timescale. Patients with
an MSD wishing to access support from the practice, either
from a GP or physiotherapist, will be recruited into the study
using an advert on the practice website, posters and leafletsin
the GP waiting room, and by invitation from the practice
administrators if the patient telephones in to make an
appointment. Interested patients will be able to access the
participant information sheet on the web or through hard copies
availablein practice, which will provide the researcher’s contact
details and arequest to contact them if they wish to participate
(Multimedia Appendix 1). The researcher will make contact,
answer any further questions, complete eligibility screening,
and gain initial verbal consent. An appointment will then be
made for the next available study clinic.

Inclusion Criteria

The study participant inclusion criteria were as follows: (1)
aged >18 years, (2) ableto speak and read English, (3) registered
as a patient at the primary care practice, (4) having a current
muscul oskel etal condition for which they are seeking treatment,
and (5) able to access the internet either by themselves or with
the help of afamily or friend.

Exclusion Criteria

The study participant exclusion criteria were as follows: (1)
cognitive impairments or learning disabilities that limit a
participant’s ability to follow study-related procedures, (2)
unwillingnessor inability to follow protocol-related procedures,
and (3) Optima Health or Queen Mary University of London
employees.

Informed Consent

Each participant will receive the participant information sheet
(Multimedia Appendix 1), which outlines the purpose of the
study and the nature of their participation. This includes
information about the format of the interaction, potential risks,
confidentiality and protection of their persona data, the
anonymity of study findings, and their right to withdraw at any
time without prejudice. The participant will be given the
opportunity to raise any questions with the researcher during
the formal consenting process when they attend the practice.
Formal written consent will be completed by the researcher
with the patient in the practice waiting room using aweb-based
form. Failure to provide consent will result in the participant
receiving ausual care physiotherapy-led triage without aDART
assessment.

Randomization and Blinding

Participantswill berandomized to either (1) aDART assessment
followed by a physiotherapist-led triage assessment or (2) a
physiotherapist-led triage assessment followed by a DART
assessment. This is to account for the order effects in the
crossover design (Figure 2). This will be achieved by block
randomization with permuted blocks of random size and without

https://www.researchprotocols.org/2021/12/e31541
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stratification factors to avoid selection bias and unequal arms
[47-49]. After gaining consent, the researcher will open asealed
envelope that contains the randomization to be used for the
participant. Allocation will be performed using a
computer-generated list of random numbers, which will lead to
a randomization sequence in Microsoft Excel 2020. The
allocation ratio between the arms will be 1:1.

Blinding in this study will be ensured at 3 different points: (1)
the physiotherapist leading the triage will be blinded to group
alocation and DART assessment outcomes; (2) participants
will be blinded to the DART assessment outcome and the
physiotherapist triage outcome until they have completed both
assessments and the SUS; and (3) the analysisand interpretation
of the study resultswill be conducted by researchers blinded to
the intervention group allocation.

To minimize potential bias created during the physiotherapist
assessment, the physiotherapist will be required to minimize
any information or advicethey giveto the participant until after
they have completed their subjective assessment and arrived at
aprovisiona management recommendation. This will include
discussing any possible diagnoses or giving any condition
management advice. Once the participant has completed both
assessments and data collection is complete, they will return to
the physiotherapist, who will then complete the objective
assessment and continue with normal care.

Data Collection

Physiotherapy-Led Triage

Participants will receive a usua care physiotherapy-led triage
assessment from a first contact practitioner (FCP). An FCP
physiotherapist is a qualified autonomous clinician who can
assess, diagnose, treat, and discharge a patient without amedical
referral, where appropriate. They have completed additional
postgraduate training to provide expert assessment, check for
red flags, and provide advice on self-management. If needed,
they prescribe medication, order investigations, refer for
physiotherapy, or provide onward referral to secondary care
services such as rheumatology or orthopedics [50]. As such,
the FCP physiotherapist will provide a rigorous comparator
against which to measure DART signposting recommendations.

The physiotherapist-led triage assessment will be completed
within a 20-minute appointment. The management pathways
availableto the FCPs are matched by those that can be generated
by DART to alow an objective comparison (Table 1).
Participants may seek help elsewhere or opt out of the study at
any point, which will not affect their usual physiotherapy-led
care.

DART Assessment

Participants will access DART using a tablet device in a
treatment room or aquiet areain the practice waiting room. The
researcher will log onto DART and enter the participant study
number but will have no further contact with the participant
until they have completed their DART assessment. The DART
assessment will be completed either before or after their
appointment with the physiotherapist, depending on their
randomization alocation. A unique reference ID will be
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generated in the DART system and linked to the participant’s
study number. The participant will complete the DART
assessment, which will result in a signposting outcome. This
will not be visible to the participant but will be stored in the
DART system for later retrieval and analysis. Thereafter, the
participant will complete a web-based version of the SUS,
capturing their experience of using DART. All participantswill
be given the physiotherapist triage assessment outcome by the
physiotherapist, who will complete any associated management
actions or referrals. Both assessments will be completed on the
same day in close succession to reduce variations in clinical
presentation.

Loweet a

Panel Assessment

An independent panel comprising 3 expertsin muscul oskel etal
physiotherapy and general practice qualified to the consultant
level will provide consensus on all disagreements between
DART and physiotherapy-led triage that would yield a safety
concern (Textbox 1). In addition, arandom sample of caseswill
be assessed by the panel to decide which they consider to be
the correct outcome based on the patient’s presentation from
the physiotherapist’s clinical record of their assessment. The
panel decisionwill providethedefinitive gold standard outcome
against which the physiotherapist outcome will be compared.
The triage outcomes that are amended by the panel will be
deemed the most appropriate outcome in preference to those
from the physiotherapy assessment and will provide the outcome
against which DART is compared.

Textbox 1. Adverse triage outcomes in medical care, physiotherapy care, and self-management that would yield a safety concern, including adelay in

intervention likely to result in a poor outcome.

Adver setriage outcomesthat would yield a safety concern

practitioner)

«  Routine care when it should have been urgent care

«  Physiotherapy or self-management when it should have been urgent medical care (accident and emergency/NHS111 referral or urgent genera

«  Sef-management when it should have been physiotherapy, first contact practitioner, or medical care

Clinical Signposting Outcomes

The primary outcome measure will be assessment outcomes
from physiotherapy-led triage and DART assessments (Table
1). These decisions are classified into 4 categories (medical
care, FCP, physiotherapy care, and remote self-management),
with further suboutcomes in each category. This allows for
precise comparisons within each category and subcategory and
isbased on usual care signposting approachesin muscul oskel etal
clinical practice. Adversetriage outcomesthat could yield safety
concerns will also be identified (Textbox 1). Our aim for the
pilot data is to explore the agreement rate between DART and
physiotherapy-led triage across assessment outcomes, with
additional analysis of suboutcomes. This will inform the
suitability of the outcome measure and analysis for the future
main trial. Additional data will be collected from DART and
the physiotherapist. Demographic variables include age and
gender. Clinical characteristics include the muscul oskeletal
pathway related to the body site.

Process Outcomes

The process outcomes will help to determine whether the
implementation of themain trial designisfeasible. Anonymized
data will be collected, including the proportion of participants
who showed interest in participating against those who were
recruited into the study. Participant dropout rates at each stage
of thetrial (and, where possible, reasons for dropping out) will
be collected. System process outcomes include errors reported
in randomization, allocation concealment, blinding, or data
collection. Any evidence for selection bias or other sources of
bias will be explored. Other outcomes include the overall time
burden: average timesfrom initial participant contact to thefirst
assessment, along with any treatment delay because of the
additional time required to perform the research procedures.

https://www.researchprotocols.org/2021/12/e31541

Technical problems with DART or other comments from the
physiotherapist or participantsthat pose abarrier to intervention
delivery or trial procedures will be explored.

Study Duration

Following ethics approval, 3 months will be allocated for the
collection of data from the required 76 participants. The exact
duration will be dependent on the volume of physiotherapy
referrals entering the physiotherapy service and recruitment
uptake.

Data Analysis

Calculation of Main Study Sample Size

As the nature of this pilot trial is to explore trial design and
feasibility, a formal power-based sample size calculation will
not be conducted. Our sample size is based on the estimated
stepped rules of thumb from Whitehead et a [51] to demonstrate
an extrasmall standardized effect size (0<0.1) at a90% powered
main trial. The obtained variance estimate of the outcome
measures from the pilot datawill allow sample size calculation
for themain trial using the noncentral T-distribution approach
from Julious and Owen [52]. Our planisto recruit atotal of 76
participants over a 3-month period in thistrial.

Primary Outcome

The primary anaysis will involve an absolute agreement
intraclass correlation (A,1) estimate with 95% Cls between
DART and the clinician on triage outcomes with recommended
management pathways, which will be calculated using SPSS,
version 23 (IBM Corporation) and based on a single rating,
2-way mixed-effects model [53,54]. The analysis includes
intention-to-treat and per-protocol analyses, with asubanalysis
of categories (medica care, physiotherapy care, and
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self-management) and adverse triage outcomes. A predefined
margin of correlation with an intraclass correlation >0.90 will
be set and based on both clinical recommendations and the
literature in which a correlation was demonstrated in clinical
management deci sions taken between telehealth and face-to-face
physiotherapy [55]. In addition, diagnostic properties
(sensitivity, specificity, and predictive values) will be cal culated
for DART and reported with 95% CI [56]. A descriptive
summary of the variablesincludesthe mean, SD or ClI, median,
and IQR as appropriate. The amalgamated SUS score will be
reported as a mean and used to calculate a percentile score to
allow benchmarking of the DART system usability against other
systems[57].

Evaluation of Participant Recruitment and Retention

The number of participants referring to physiotherapy will be
reported, including the proportion that meets the eligibility
criteria, showsinitial interest, and consentsto participatein the
trial. Participants who show initial interest in participating but
do not consent will also be reported (and, where possible,
reasons for not participating). Participants who opt out of the
trial at any stage, such as between interventions, will also be
reported. Differencesin dropout rates between the intervention
groups will be compared. As recruitment rates vary in
randomized controlled trials [58], a conservative margin will
be set. Dropouts seem unlikely to occur asthereisonly asingle
visit that will coincide with the physiotherapy appointment.
Thus, apredefined criterion of 50% and 95% will be considered
satisfactory for the proportion of identified participantsrecruited
and retained, respectively.

Evaluation of Randomization, Allocation Concealment,
Blinding, Data Collection, and Bias

Any underpinning errorsin systems responsible for procedural
randomization, allocation, blinding, or data collection will be
reported. Baseline characteristicswill be compared between the
intervention  groups  (DART-physiotherapy-triage  and
physiotherapy-triage-DART) using analysis of variance for
continuous variables or chi-squaretestsfor categorical variables.
Homogeneity between groups will indicate successful
randomization and minimized risk of selection bias.
Discrepancies in allocation concealment or unblinding of
participants or therapists will be further compared between
intervention groups and reported. Unsuccessful blinding is
considered when physiotherapists become unblinded to group
allocation or DART assessment advice.

I dentification of Trial Burden and Barriersto

I ntervention Delivery

Administrative and physiotherapist burden in terms of additional
time required to administer the study process will be assessed
and extrapolated to understand the implications for the main
study. Feedback from the service administrators and
participating physiotherapistswill also be recorded and reported.

Bias
This study is funded by Optima Health, the developers of

DART, and therefore, isat risk of bias. Thelead researcher (CL)
isan employee of OptimaHealth and enrolled inaPhD program
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at the Queen Mary University of London. To mitigate bias,
participants will be excluded if they are employees of Optima
Health or the Queen Mary University of London. Participants
will not have previously seen or used DART. Recruitment is
through promotion directly to the medical center patients and
not by the researcher contacting them using a database. There
is no financial reward offered to people to participate in the
study. After gaining of formal consent and ensuring that the
participant haslogged onto DART, the researcher has no further
contact with participants, with data being collected through
DART, by the physiotherapist, or the SUS web-based
guestionnaire. The expert panel will comprise senior
muscul oskeletal clinicians who are not employed in any form
by Optima Health.

Risks and Benefits

Therewill be no form of physical intervention during this study,
and participants will have no extra travel in addition to that
required for their physiotherapy appointment. Normal care, as
determined by the triage physiotherapist, will be followed in
all cases, and participants will have full access to al existing
clinical pathways available to them. Participants will not be
given the DART signposting recommendation, so there will be
no conflict with the recommendation given by the
physiotherapist.

Data M anagement

Participants will have the right to withdraw from the study at
any time. If they do, data collected up to the point they withdraw
will beretained but not added to. Electronic and paper datawill
be managed and stored securely in accordance with the general
data protection regulations. Study datawill be collected outside
the NHS firewall. Personal data collected in DART will be
confined to age and sex at birth and linked to other research
data using a DART system unique reference number. The data
inputted by the participant during the DART assessment will
be generated entirely by them, and no data will be extracted
from their NHS records. DART system information security
and data protection will be covered by Optima Health's
certification and compliance with Cyber Essentials Plus and
SO 27001. Datacollected by the physiotherapist will comprise
physiotherapist assessment recommendations and study numbers
only. The web-based SUS questionnaire will only contain the
participant’s study number. Research data will be stored
separately to personal data and linked by a unique reference
number that is only accessible to the researchers. Accessto the
participant’s physiotherapy assessment record forms a part of
the study consenting process; however, only the assessment
completed as a part of the study will be reviewed by the panel
and no other part of the NHS record. The data collected during
this pilot may be reused for a later definite randomized
noninferiority trial in adeidentified format.

Results

Ethics approval was submitted in June 2021. This study has
been registered at Clinical Trial.gov NCT04904029. Recruitment
will commence early 2022, and data collection is anticipated to
last for up to 3 months. The results will be reported in a
follow-up paper in 2022.
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Discussion

Overview

The demand for an mHealth system to correctly assess and
signpost patients with M SDs has been demonstrated. Research
into the patterned use of generic symptom checkers indicates
that MSDs are among the most common reasons for accessing
web-based or digital triage applicationsin primary care[59,60].
Studiesregarding the effectiveness of generic symptom checkers
have shown variable levels of system vaidity [23,24,29,40],
and it cannot be assumed that these research findings translate
to an mHealth system with awell-defined scope, suchas DART
with MSDs. To date, there are no published studies providing
aproven methodology for evaluating the real-world validity of
similar musculoskeletal mHealth systems. This pilot trial will
explorethefeasibility and study design for afuture large-scale,
noninferiority trial determining whether DART’s efficacy and
safety are noninferior or not unacceptably worse to FCP
physiotherapist-led triage, ausual practice comparator. During
earlier DART development, the desktop validity of DART
clinical algorithms was appraised as being good by an expert
panel using vignettes; however, thisis not representative of the
real-world validation required for safe and effective
implementation into routine clinical practice [61]. DART has
demonstrated good usability through an iterative convergent
mixed methods study, leading to the version to be used in this
pilot trial. This pilot study protocol will give a greater
understanding of how to assess the validity of an mHealth
system such as DART within an NHS setting and provide a
template for other researchers and developers to use across
triage and referral mHealth systems.

Methodological Limitations

The purpose of this pilot is to validate or provide information
for improvement in the study design to underpin the successful
completion of the subsequent main trial. The crossover design
can create adelay in the participant receiving normal care, albeit
only afew minutes, and there is an increase in the amount of
service administration time required. The most common errors
in crossover trials are failure to adapt stratification in the order
of treatments and analysis of the group rather than separately
between sequence groups [62]. This is accounted for by the

Loweet a

permuted block randomization and the independent analysis of
results per group. A washout period between interventions is
normally recommended to prevent carryover effects; however,
there is no therapeutic effect from either DART or the
physiotherapy-led assessment. The physiotherapist being asked
to refrain from giving management advice as they assess the
patient may be achangein normal practice for some clinicians
but should not affect their signposting recommendation.
Carryover effects may involve the participant becoming primed
to answer questions about their health differently after gaining
more insight into their health problem from having completed
the previous assessment. Data analysis comprises assessing
clinical agreement between the physiotherapist and DART
system management recommendations. This study is not
designed to examine the impact of differing DART
recommendations on individual patient management and how
this may positively or negatively affect care complexity, case
duration, or cost. This would form the basis of a future
implementation study to assess these factors across the entire
MSD pathway.

Methodological Strengths

The findings from this pilot trial will constitute the design of a
future noninferiority trial, as well as provide preliminary data
on DART safety and effectiveness. The key benefit of a
crossover design using the same participant for both arms is
that differences in clinical presentation as a confounder are
minimized. Thelarge variety of MSD symptomology, patients
general health, and psychosocial status meansthat using astudy
design where different participant results are compared, such
as in a parale study, would require an unacceptably large
sample size. Assessing the participant twice within minutes
reduces the risk of a change in symptoms that could lead to a
different signposting recommendation  between  the
physiotherapist and DART assessments. The use of real-world
NHS participants rather than clinician testing using vignettes
supports patient and public involvement, a crucial component
of testing for any system designed to be used with patients.
Piloting within the NHS ensures that DART is tested across a
wide range of clinical presentations and patient demographics,
including varying socioeconomic status, eHealth literacy,
fluency of English speaking, age, and employment status.
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Abstract

Background: The assessment of dietary intake underpins population nutrition surveillance and nutritional epidemiology and
isessential to inform effective public health policies and programs. Technol ogical advancesin dietary assessment that use images
and automated methods have the potential to improve accuracy, respondent burden, and cost; however, they need to be evaluated
to inform large-scale use.
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Objective: The aim of this study is to compare the accuracy, acceptability, and cost-effectiveness of 3 technology-assisted
24-hour dietary recall (24HR) methods relative to observed intake across 3 meals.

Methods: Using a controlled feeding study design, 24HR data collected using 3 methods will be obtained for comparison with
observed intake. A total of 150 healthy adults, aged 18 to 70 years, will be recruited and will complete web-based demographic
and psychosocial questionnaires and cognitive tests. Participantswill attend auniversity study center on 3 separate daysto consume
breakfast, lunch, and dinner, with unobtrusive documentation of the foods and beverages consumed and their amounts. Following
each feeding day, participants will complete a 24HR process using 1 of 3 methods: the Automated Self-Administered Dietary
Assessment Tool, Intake24, or the Image-Assisted mobile Food Record 24-Hour Recall. The sequence of the 3 methods will be
randomized, with each participant exposed to each method approximately 1 week apart. Acceptability and the preferred 24HR
method will be assessed using a questionnaire. Estimates of energy, nutrient, and food group intake and portion sizes from each
24HR method will be compared with the observed intake for each day. Linear mixed models will be used, with 24HR method
and method order as fixed effects, to assess differences in the 24HR methods. Reporting bias will be assessed by examining the
ratios of reported 24HR intake to observed intake. Food and beverage omission and intrusion rates will be calculated, and
differences by 24HR method will be assessed using chi-square tests. Psychosocial, demographic, and cognitive factors associated
with energy misestimation will be evaluated using chi-square tests and multivariable logistic regression. Thefinancia costs, time
costs, and cost-effectiveness of each 24HR method will be assessed and compared using repeated measures analysis of variance

tests.

Results: Participant recruitment commenced in March 2021 and is planned to be completed by the end of 2021.

Conclusions:

This protocol outlines the methodology of a study that will evaluate the accuracy, acceptability, and

cost-effectiveness of 3 technology-enabled dietary assessment methods. This will inform the selection of dietary assessment
methods in future studies on nutrition surveillance and epidemiology.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(12):€32891) doi:10.2196/32891

KEYWORDS

Australian New Zealand Clinical Trials Registry ACTRN12621000209897; https://tinyurl.com/2p9fpf2s
DERR1-10.2196/32891

24-hour recall; Automated Self-Administered Dietary Assessment Tool; Intake24; mobile food record; image-assisted dietary
assessment; validation; controlled feeding; accuracy; dietary measurement error; self-report; energy intake; adult; cost-effectiveness;

acceptability; mobile technology; diet surveys, mobile phone

Introduction

Background

Dietary intake surveillance enables monitoring of diet-related
health and nutritional status of populations and provides vital
datato inform public health nutrition policiesand programs[1].
Therefore, accurate assessment of dietary intake is important
to assist effective government decision-making on dietary advice
and programs by defining the extent of the problem and possible
solutions. The 24-hour dietary recall (24HR) is the current
standard and preferred method for large-scale population
surveillance to assess absolute dietary intakes [2-6].
Technology-assisted 24HR offers the potential to improve
accuracy and reduce participant and researcher burden.
However, the relative accuracy, acceptability, and cost of various
technology-assisted methods are unclear. Population dietary
surveillance studiestypically include thousands of participants.
Assuch, cost and personnel requirements are major determinants
of the feasibility of a dietary assessment method. However,
information on the cost of method administration has rarely
been collected or published. Thisinformation would contribute
to thefeasibility assessment by researchers and decision makers.

A 24HR method is designed to capture detailed information on
foods and beverages consumed on the previous day or during
the previous 24 hours and is traditionally conducted as a
structured face-to-face interview [7]. The 24HR method is a

https://www.researchprotocols.org/2021/12/e32891

complex processinvolving numeracy, perception, memory, and
the conceptualization of that memory [8]. The benefits of 24HR
methods over |ess burdensome methods, such asfood frequency
guestionnaires, include the detailed accounting of all foodsand
beverages consumed and information on context (eg, meal
timing). This information allows the examination of questions
related to different dietary components, dietary patterns, and
meal patterning [9].

Various methods have been developed to enhance recall and
reduce errors in reported intake. For example, the National
Health and Nutrition Examination Survey in the United States
includes an interviewer-administered Automated Multiple-Pass
Method (AMPM) 24HR [3] as does the Australian Health
Survey [2]. AMPM is a web-based interface designed for
surveillance, typically implemented in-person by a trained
interviewer, which adds to the cost of undertaking large-scale
surveys. The AMPM provides a structured interview format
with specific probesin 5 structured sets or passes: aquick list,
forgotten foods pass, time and occasion pass, detail pass, and
final review [10]. Portion size estimation is addressed using a
food model booklet. More recently, web-based interfaces have
been developed to enable self-administration of the 24HR
method by participants, removing the need for trained
interviewers and reducing study costs.

Automated web-based, self-administered 24HR methods begin
with a quick list. Details are collected using a segquence of
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probes, and standard images of foods or models are used to help
participants estimate portion sizes. The format and number of
images are informed by user testing [11,12]. These methods
include the US-devel oped Automated Self-Administered Dietary
Assessment Tool (ASA24) and the UK-developed Intake24.
ASA24 is an adaptation of AMPM and was developed by the
United States National Cancer Institute based on input from
stakeholdersin an external working group, along with cognitive
and usability testing [13]. Intake24 was devel oped by Newcastle
University, United Kingdom, using 4 cycles of user testing,
with modification after each cycle, in adolescents and young
adults [12,14]. Similar levels of measurement error have been
observed in web-based self-administered 24HR methods
(Intake24 and ASA24) and ininterviewer-administered methods
as determined by objective measures of energy intake using
doubly labeled water [15,16]. This suggests that the additional
costs associated with interviewer-administered methods in the
form of trained interviewers and coders may not trandate to
improved accuracy. However, to date, no study has evaluated
the differences in accuracy between Intake24 and ASA24.

Using image-assi sted methods to supplement the 24HR method
has the potential to reduce recall bias, with images used to assist
food identification and portion size estimation. In recent reviews,
image-assisted approaches, including 24HR methods, resulted
in greater accuracy of self-reported dietary intake when
compared with the accuracy of methodswithout images supplied
by participants [17-19]. The Image-Assisted mobile Food
Record 24-Hour Recall (mFR24) is amabile app devel oped by
Purdue University. Participants are instructed to take before
and after images of all food and beverages consumed and to
include afiducial marker (an abject of known shape, size, and
color) [20] ineachimageto aid in portion size verification. The
content of the images is confirmed either by a human trained
analyst or by automated methods using computer vision and
machine learning (eg, deep learning) techniques [21-23]. In
contrast to other image-assisted 24HR methods in which the
image review occurs toward or at the end of the interview
[24-28], the image review in mFR24 begins at the start of the
interview based on participant feedback from pilot testing. This
novel approach has yet to be evaluated for its accuracy and
acceptability. Furthermore, the accuracy and acceptability of
the mFR24 has not been compared with either the web-based
self-administered ASA24 or Intake24 in the same study
popul ation.

To continue to improve upon dietary assessment, there is an
urgent need for studies that enable the understanding and
mitigation of measurement errors [29]. The error in dietary
intake estimation can beidentified by comparing reported intake
with recovery biomarkers, such as doubly labeled water as a
measure of true energy intake[30]. However, such methods are
limited to energy or single nutrients and do not identify specific
foods and beverages that are omitted or inaccurately reported.
Controlled feeding studies alow for the examination of
measurement errors at the level of foods and beverages. Studies
with measures of known food and beverage intake enable the
understanding of factors contributing to misreporting, such as
omission of particular types of foods, intrusions, inaccurate
portion size estimation, and incorrect food descriptions[31-35].

https://www.researchprotocols.org/2021/12/e32891
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For example, Kirkpatrick et al [33] found that more intrusions
(items not consumed) were present with the use of aweb-based
self-administered 24HR method  than in an
interviewer-administered 24HR method. Widaman et al [35]
found no statistically significant differences between estimated
and observed intake of grain foods using web-based
self-administered 24HR methods, although all other food groups
were overestimated. These findings illustrate how controlled
feeding studies can provide insights into the mechanisms of
dietary intake measurement errorsthat would otherwise remain
unknown.

Various psychosocial factors have been associated with
misreporting, including social desirability traits, restraint,
disinhibition, fear of negative evaluation, and body weight and
body image perceptions [36-38]. In a study conducted in the
United States, measuring an array of psychosocial and
demographic factors, Tooze et al [37] found that although these
factors cumulatively accounted for 20% of the variability in
misreporting in interviewer-administered 24HR methods, 80%
remained unaccounted for. Clearly, other constructs associated
with misreporting, psychosocial or otherwise, need to be
identified, and it has been recommended that future research
focuses on this[37,39]. For example, it isfrequently stated that
visual perception and conceptualization of memory areinvolved
in reporting of intake [8], but these factors are not typically
assessed in studies evaluating participant reporting accuracy.
Furthermore, a better understanding of how psychosocia and
cognitive factors map to various sources of error (eg, omissions
and intrusion) could potentially help to minimize measurement
error. To the best of our knowledge, no controlled feeding
studies have evaluated the associations of psychosocial or
cognitive factors in food and beverage reporting accuracy.

Social factors may also contribute to misreporting. Individual
work patterns and lifestyles have rapidly changed with the
increased use of screen-based work and leisure activities[40,41].
Inasurvey of over 12,000 householdsin Australia, 75% people
reported that they always, often, or sometimes felt rushed or
pressed for time [42]. With these rapid shiftsin day-to-day life,
the demandsfor traditional dietary assessment methods may be
misaligned with people's daily lives and expectations and may
be viewed asinconvenient. Technol ogy-based self-report dietary
assessment methods enable remote completion using laptops
or mobile devices and have been indicated as more acceptable
to participants than traditional face-to-face methods [43-45].
For example, research conducted in the United States
demonstrated that 70% preferred the ASA24 over the AMPM
[46]. The acceptability of dietary assessment methods has
important implications, especialy in large-scale population
studies, as it can impact response rates and therefore the
representativeness and generaizability of the study sample
[47,48]. Image-assisted 24HR methods, such asthe mFR24, are
yet to be fully evaluated for consumer acceptability and
comparison with other technology 24HR methods such as
Intake24 and ASA24.

Objectives
This research protocol will compare 3 leading
technology-assisted dietary assessment methods. Using a
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controlled feeding study design with healthy adults aged 18 to
70 years, thisstudy will (1) comparethe accuracy, acceptability,
and cost-effectiveness of 3 technology-assisted 24HR methods
(ASA24, Intake?4, and mFR24) relative to observed intake for
3 meals on 1 day; (2) test the accuracy of automated methods
for determining food and beverage intake using food images
and image analysis, computer vision, and machine learning
techniques; and (3) assess associations between reporting errors
and demographic, psychosocial, and cognitive factors.

Methods

Sample and Recruitment

The sample will be selected from adults aged 18-70 years
residing in Perth, the capital city of Western Australia, Australia,
and recruited via the electora roll by selecting postcodes that
provide representation across socioeconomic status. Other
recruitment methods will include advertising on the Curtin
University website and a snowball methodology (eg, email
newsletter and referrals from friends or colleagues). A fina
sample of 150 randomized participants (allowing for a 20%
dropout) will alow for 90% power at a 5% significance level
when the true difference between any 2 mean differences
between estimated and observed dietary energy intake is 0.

Whitton et al

Quota sampling will be used to ensure that equal numbers of
men and women are recruited. To be included in the study,
participants must be able to attend in-person feeding sessions
on 3 separate days and have access to a computer and a
smartphone (running iPhone operating system or Android
operating system) with a data plan. Exclusion criteria include
serious illnesses or medical conditions, pregnancy, specia
dietary requirements, or dietary restrictions because of food
allergies or intolerances or dieting to lose weight.

Study Design

A controlled feeding study with acrossover design will compare
the accuracy of 3 technology-assisted methods of assessing 1
day of dietary intake: ASA24, Intake24, and mFR24. The
sequence of the 3 dietary assessment periodswill be randomized
for each participant, with a 1-week washout period between
each feeding session (Figure 1). Therefore, each participant will
be exposed to each of the 3 methods at different periods. The
crossover design, a repeated measurement design, will allow
both between-group and within-group method comparisons.
This design yields a more efficient comparison of treatments
than a parallel design because fewer participants are required
in the crossover design to attain the same level of statistical
power or precision as aparallel design.

Figure 1. Accuracy, acceptability, and cost-effectiveness of technology-assisted dietary assessment study flowchart on enrollment, randomization, and
study design. ASA24: Automated Self-Administered Dietary Assessment Tool; mFR24: Image-Assisted mobile Food Record 24-Hour Recall.
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Ethics approval from the Curtin University Human Research
Ethics Office has been obtained (approva number:
HRE2019-0222). Reciprocal ethics approval from the
Department of Health Western Australia Human Research Ethics
Committee has aso been obtained (approval number:
201909.06), and thetrial is registered with the Australian New
Zedland Clinical Trials Registry (ACTRN12621000209897).
All research design, practices, and reporting of studies conducted
in Australia will be aligned with the Australian Code for the
Responsible Conduct of Research. Participants will receive a
maximum of Aus $60 (US $42) as a token of appreciation for
their involvement in the study.

Resear ch Study Database

A purpose-built research study database will be developed using
a database platform (Microsoft Office Professional Plus 2016,
Microsoft Pty. Ltd) to manage, contact, and track the progress
of the study participants throughout the study. The database
will send autogenerated emails containing study information
and personalized links to remind participants of upcoming
appointments and complete applicable surveys beforehand.
Email and SMS text messaging prompts will be sent directly
from the study database using Email to SMS technology. The
study database will automatically update the participant status
with respect to their study compliance. The system will prompt
reminders via email and SMS text messaging for participants
who have not yet completed their tasks.

Whitton et al

Randomization

At the first face-to-face session, €igible participants will be
randomized using arandom number generator and stratified by
gender. The order in which the participant completes the three
24HR methods will be randomly allocated to ensure no order
effect. Allocation will be concealed using sealed opaque
envelopes. A statistician, not involved in data collection, will
generate the randomi zation sequence. Thiswill ensure adequate
allocation concealment from the research team involved in
recruitment and data collection.

Procedures

Each participant will complete a web-based screening and
provide informed consent. If eligible, they will be directed to
complete web-based baseline demographic and psychosocial
surveys (taking approximately 30 minutes) and cognitive tests
(taking approximately 20 minutes) before attending 3 feeding
days at the Curtin University School of Population Health food
laboratory. Demographic characteristics, including age, gender,
and highest education attainment will be recorded. Physical
activity levelswill be assessed using the International Physical
Activity Questionnaire, short form 7-day self-administered
format [49]. Table 1 presents a brief description of the
guestionnaires and the tests. Figure 2 shows a conceptual
framework of therole of demographic, psychosocial, cognitive,
and dietary factors in misreporting, synthesized from previous
literature and adapted from existing frameworks
[8,36,37,39,50-52].

Figure2. Conceptual framework for assessment of factorsthat may be associated with 24-hour dietary recall reporting accuracy. 24HR: 24-hour dietary

recall.
-
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Table 1. Baseline study questionnaire and test descriptionsin Accuracy and Cost-effectiveness in Technology-Assisted Dietary Assessment.

Questionnaires and tests Description of content Study
Demographic and personal charac- 11 items. gender, age, educational level, employment, country of birth, ethnicity, smoking, alcohol __a
teristics use, and socioeconomic and financial status
Physica activity 8 items: International Physical Activity Questionnaire (short form) [49]
Psychosocial measures
Three-factor eating 51 items measuring factors associated with eating behavior: cognitive restraint of eating, disinhi-  [53,54]
bition, and hunger
Social desirability 13 items: true-fal se statements measuring socia approval and acceptance [55]
Fear of negative evaluation 12 items: 5-point scales to assess concern about being perceived unfavorably by others [56]
Time pressure 7 items: assesses the competing perceived time pressure [57]
Perceived Stress Scale 5 items: assesses perception of external environmental stressors; short version of the original [58]
Perceived Stress Scale-14
Weight loss history 2 items: assesses frequency and magnitude of previous weight loss. [59]
Cognitive measures
Visual digit span (forward and  Assessesworking memory by asking participantsto recall spansof digitsin 14 trias. Participants  [60]
backward) will see digit sequences on acomputer or mobile phone screen and must recall them by selecting
the recalled digits from acircle of digits with the mouse or their finger.
Vividness of visual imagery 16 items: 5-point scale administered twice to assess conceptualization of visual memory. Partic-  [61]
questionnaire ipants imagine people and scenes and rate the vividness of these mental images (first with eyes
open and then with eyes closed).
Trail making test Assesses visual attention and task switching. Participants are asked to draw linesin specific, [62]
predetermined sequences from node to node on a screen as quickly and as accurately as possible.
Wisconsin card sorting test Assesses cognitive flexibility and executive function. Participants are asked to sort cardsinto 4  [63]

different “categories.” No instructions are given regarding the categorization rules. Participants
are informed whether each selection was correct or incorrect. The cards to sort into these piles
have similar designs and vary in color (4 variants), shape (4 variants), and number of shapes (4

variants). Categorization rules change midtask without warning.

8Question items devised by authors.

Feeding Days

The participants will attend the food laboratory on 3 separate
days. On day 1, they will receive a brief introduction to the
study (with the objective described as finding better ways to
assesswhat peopl e eat) and be randomized. They will havetheir
height and weight measured using standard protocols [64]. At
thefood laboratory, participantswill consume 3 mealsad libitum
(breakfast, lunch, and dinner) on the same day and will leave
thelaboratory between meals. No restrictionswill be placed on
consuming food and beverages outside of the laboratory meals.
The participantswill select from amenu and will not have access
totheweight of their food and beverage selections. Menu items
will be selected based on a combination of the top 100 most
commonly consumed mealsand snacksin Australia (Australian
Bureau of Statistics, personal communication, 2020).

Each participant will enter the food laboratory one at atimeto
consumetheir meal. In accordance with the COVID-19 protocols
issued by the Western Australia Government Department of
Health, participantswill be separated by screensand physically
distanced from each other, with a maximum of 8 participants
at any onetime. This may change if restrictions are eased. All
food and beverage itemswill beinconspicuously weighed using
Kelba KHX-3 bench scales (Kelba) with a 0.1-gram resolution
in a separate laboratory space before being served on the
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participant tray. Before delivering the tray to each participant,
the researcher will inconspicuously take an image of the tray
using a researcher version of the mFR24 app that alows
insertion of a unique user ID for each image. When finished
eating, each participant’s tray will be collected and an after
image with the researcher mFR app will be taken. Plate waste
will then be weighed to determine the amount of each item
consumed. The amount consumed will be determined by
subtracting the weight of the food plate waste from the weight
of the served amount. Weighing will be conducted in duplicate,
and a third measure will be taken if the first 2 measures differ
by >0.5 grams. The average of the 2 closest measures will be
recorded.

24-Hour Dietary Recall Interview Methods

Each day subsequent to the feeding day, the participants will
complete a 24HR interview remotely, each time via a different
technology-assisted dietary assessment method (ASA24,
Intake24, or mFR24), the order of which will be randomized.

Automated Self-Administered Dietary Assessment Tool
(2016)

Participants will be emailed a weblink and a username and
password to access the ASA24 interface. A consortium of
Australian Universities adapted the ASA24 by incorporating
Australian food composition tables [65]. Participants will be
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asked to (1) report everything they had to eat and drink the
previous day from midnight to midnight by selecting an eating
occasion and time, then searching for matching food and
beverageitems, and reviewing any gapsin consumption of more
hours; the database contains >4800 foods and beverages from
Australian food composition tables (AUSNUT 2011-2013); (2)
provide additional details of each food and beverage item (eg,
form, preparation method, additions, and amount consumed);
food images in ASA24 will assist in portion size estimation;
(3) review and edit all the foods and beverages they selected;
(4) add any commonly forgotten foods and beverages that they
consumed after being prompted and directed back to the food
list; and (5) confirm that they have recorded all of the food and
beverages from the previous day [13]. Participants can add food
and beverages that are not in the database via a missing foods
tool incorporated in a bespoke spelling correction system to
address misspelled food names. In previous studies, participants
completed the ASA24 in 17 to 34 minutes [66].

| ntake24

Participants will be emailed a weblink to access the Intake24
interface. A short instructional video is provided for the
participants to watch before commencing the 24HR interview.
Participants will be asked to (1) key in al the foods and
beverages consumed the previous day between waking up and
going to sleep as free text; (2) select items from a database and
match each item consumed; the database contains >2800 foods
and beverages by incorporating Australian food composition
tables (AUSNUT 2011-2013) [67]; participants will be able to
add food and beverages not included in the database via a
missing foodstool incorporated in abespoke spelling correction
system to address misspelled food names; participants can add
their own personal recipes, sandwiches, and salads; (3) estimate
the portion sizes of the items consumed using images and
standard serving sizes; (4) review al the foods and beverages
they have selected and edit if necessary; and (5) add any missing
items associated with the foods they have already selected after
being prompted to do so [12]. Previous studies indicate an
average completion time of 20 minutes.
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I mage-Assisted Mobile Food Record 24-Hour Recall

Overview

The mFR24 app, an image-based dietary assessment system
[20,22,23,68], will be adapted as an image-assisted 24HR
method for this study. The system consists of a mobile food
record app (MFR24), which runs on a mobile device (iPhone
or Android smartphone) and a dedicated cloud-based server for
the storage of images, metadata, and food image processing and
analysis. Using the mFR24, participants will take pictures of
their food and beverages before and after eating. The images
will be automatically uploaded to the cloud-based server via
Wi-Fi or the 4G or 5G network. The content of the images will
then be confirmed by the participant in aprocess known as user
confirmation. A researcher version and a participant version of
the app will be used in this study. The researcher version will
beinstalled on various devices and used to take before and after
images of each participant tray. These imageswill be uploaded
to aresearcher folder on the server. The participant version of
the app will include additional features.

When allocated to the mFR24, the participants will install the
mMFR24 (participant version) on their smartphones and be shown
how to use the mFR24 app on the feeding day by a research
assistant. They will beinstructed to take abefore and after image
of all meals, beverages, and snacks consumed from the first
meal served at the study center until midnight and include a
fiducial marker (acolorful checked object of known size, color,
and shape that assists in food and beverage recognition and
guantification) in each image. mFR24 has an automated feature
to detect the presence of the fiducia marker and alert
participants if the fiducial marker is missing from the image.
An angle-detection algorithm assists participants in taking the
image at the correct angle (between 45° and 60° from the
horizontal plane). Once captured and confirmed by the
participant, the images will no longer be accessible to the
participant until the user confirmation step (Figure 3). At the
dinner session, participantswill receive training on how to label
their images for user confirmation the following day.
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Figure 3. Screenshots of the mFR24 application interface showing the steps in the review process and viewing an eating occasion. () image list with
time and date stamp displayed (b) viewing a labeled eating occasion with colored pins and labels identifying the food and beverages. The image also

shows the inclusion of the fiducial marker.
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User Confirmation

The mFR24 app includes a feature known as the user
confirmation step, where once midnight has lapsed, the images
are returned to the participant for labeling with food and
beverage names. On the day following the feeding day,
participants will select and label each image from the review
function in the mFR24 app (Figure 3). To label a food or
beverage, the participant will tap on the item, and a pin will
appear with tap to edit. Tapping the pin again will take the
participant to the food list search function. When the participant
starts typing the word, a list of foods will appear where they
can select from the list. The food list consists of 372 food and
beverage items. The food list has been adapted so that a mini
label and short description are displayed to the participant.
Theselabelslink to afood composition database (hot visible to
the participant) with the food code, detailed description, and
energy and nutrient composition (AUSNUT 2011-2013 nutrient
database). If the participant cannot locate their food item in the
list, typing food not listed will alow a free text entry. Once
confirmed, the image with the confirmed pinsis automatically
sent to the server and disappears from the app. Participantswill
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be asked to complete this task before the mFR24 interview.
Researchers will be able to view the participant’s annotated
images on a secure server.

Record

mFR24 | nterview

A trained researcher will conduct a 24HR interview following
an adapted multiple-pass approach [69] outlined in Table 2.
This 24HR processwill enablethe estimation of thetotal intake
of food and beverages consumed during a 24-hour period. The
recall processwill be assisted by the labeled food and beverage
images taken by the participant using the mFR24 app. The
interview will be conducted viaavideo call on the day following
the controlled feeding day. The interview structureis based on
the AMPM developed by the United States Department of
Agriculture [10]. Briefly, the origina 5 steps include the
collection of a quick list of foods and beverages consumed, a
check for commonly forgotten foods, time and occasion, details
and review, and a final probe. In the adapted version used in
this study, the quick list and time pass will be completed by
researchers before the interview using the participant labeled
images, which will be viewed on a secure server.
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Table2. Adaptationsof the United States Department of Agriculture Automated Multiple-Pass Method intheinterview structure for the Image-Assisted
mobile Food Record 24-Hour Recall interview.

Automated Multiple-  Aim Image-Assisted mobile Food Record 24-Hour Recall steps
Pass Method steps
When image is taken When image is not taken
Step 1: quick list The purpose of the quick list passisto  Taken from themini label andimageprovid- Participant is asked to list all foods

Step 2: forgotten foods
list and additions

obtain aquick report of foodsand bever-
ages consumed in the past 24 hours
without interrupting the respondent and
to introduce the respondent to the con-
cept of 24-hour recall.

The forgotten foods list prompts the re-
spondent’s memory and collects other
foods or beverages that are not reported
inthe quick list.

The time and occasion of food or bever-

ed by the participant; participant is asked
to list any foods and beverages consumed
that are not shown in images.

Participants are asked if they consumed
items from alist of commonly forgotten
foods.

and beverages consumed that are
not shown in images.

Participants are asked if they con-
sumed itemsfrom alist of common-
ly forgotten foods.

Step 3: time and occa-
sion ages consumed are recorded.

Step 4: detail cycle Theam of thisstepisto collect specific

This does not require a separate pass. Time
of eating istaken from the image metadata.

Clarify only nonidentifiable food and bever-

Ask participant to recall time and
occasion of forgotten foods when
item is reported.

Use food-specific probes to obtain

descriptive information about each food
item and beverage reported and record

age items; follow the Australian Health
Survey food model booklet to confirm
amounts consumed; and check the after

details; follow the Australian Hedlth
Survey food model booklet to con-

quantitiesand any additions madeto the
food.

Step 5: final probe Thisisthelast opportunity for the respon-
dent to remember any new foods and

beverages.

image for leftovers.

Read out thelist of food and beverageitems.

firm amounts consumed; and probe
leftovers.

Read out the list of food and bever-
age items.

Thevideo call interview will consist of aquick list of any foods
or beverages for which an image was not taken, a probe for
commonly forgotten foods, a detail cycle, and a fina probe.
Theresearcher will use ascreen-sharing function to enable both
the researcher and participant to view each image
simultaneously. During the detail cycle, participants will be
asked to provide food and beverage details when these are
unclear from the images. The participants will also be asked to
describe the amount of each item consumed, using the standard
food model booklet used in the Australian Health Survey [70].
Household measures such as metric teaspoons or pieces will
also be used to describe amounts not available in the booklet
and may, in some instances, be the preferred method of portion
size description by the participants. During the final probe, the
researcher will confirm all foods and beverages, descriptions,
and portion sizes reported by the participant. The researcher
conducting the 24HR interviews will not have access to the
observed intake dataand will not be present on the feeding day.
Following the interview, data will be entered into a nutrition
analysis software (FoodWorks 10, Xyris Software) linked to
the AUSNUT 2011-2013 nutrient database to estimate food,
energy, and nutrient intake for the 24-hour recall period.

Automated I mage Analysis

Automated methods using computer vision and machinelearning
(eg, deep learning) techniques will also be undertaken [21-23]
using theimages collected with the mFR24. The study will test
the accuracy of automated methods using computer vision and
machine learning techniques to estimate true intake. These
methods include food identification [71], food segmentation
[72], and volume estimation (for food portion size estimation)
[73]. In recent years, there has been rapid proliferation in the
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use of artificial intelligence and machine learning techniques
inimageanalysis, particularly the use of deep |earning methods
based on neural networks[74]. The authors (EJD and FZ) from
Purdue University have recently devel oped several deep neural
network approaches for food image analysis and will modify
these methodsfor usein thisstudy. Thiswill include generating
ground truth images to train the deep neural networks using a
series of standard images of the food and beverage items to be
served at each meal with known food weights. Asdeep learning
methods require a large amount of training data, we will
investigate the use of data augmentation methods, particularly
using generative adversarial networks [75], to aid in training.
Trained models will then be used to recognize the food types,
estimate the food portions, and compare the automated methods
with the true intake. Standard metrics of precision and recall
will be used in the computer vision and machinelearning fields
to determine the performance of the automated techniques.

Poststudy Acceptability Questionnaire

The participant’s perceptions of the acceptability of the 24HR
method will be asked at the end of the study via a web-based
survey using both open and closed questions. Their perceptions
of each method will be asked about one at a time in a
randomized order. Participants will be asked what device they
used to compl ete each method and then be asked questionsusing
a 5-point Likert scale to rate their agreement with statements
including how easy it was to find and remember foods and
remember amounts and whether they would be willing to use
the method again. Open-ended questions will explore the
participant’s likes and dislikes about each method. Finaly,
participants will be asked which of the methods, if any, they
preferred and why.
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Exit Interviews

A qudlitative methodol ogical approach using in-depth interviews
and reflexive thematic analysis [76] will explore and describe
perceptions and beliefs regarding each of the dietary assessment
methods. Approximately 10% (20/150) of the recruited sample
(participants stratified by age and gender) will be invited to
participate in a semistructured in-depth interview. The script
will include questions regarding what would motivate
participants to take part in studies assessing dietary intake,
barriers and enablers to participation, retention, and
most-favored incentivesto diet research participation (eg, dietary
feedback and financial incentives). Questionswill also be asked
about the acceptability of the mFR24 method and features (eg,
labeling of images). Interviews will be audio-recorded,
transcribed verbatim, and reviewed for accuracy by the
participant and researcher before analysis. Transcripts will be
managed using transcription software (NVivo 12.6, QSR
International). Sampling and analysis will continue until
pragmatic saturation is reached [76].

Cost and Cost-effectiveness of M easures

Both financial and time costs for participants to use each of the
methods will be assessed. The time spent by researchers and
participantsin the administration of each 24HR method will be
recorded for each participant. Thisincludestime spent training
individuals to take the mFR24 images, time spent completing
the 24HR interview, and any time spent supporting individuals
to complete their 24HR interviews. The time spent by
researchers coding the mFR24 data will also be recorded. Both
ASA24 and Intake?4 have the capability to collect time stamp
datato identify how much time the participants spend inputting
data. All other time data, including time spent cleaning the data,
will be manually collected by researchers.

Financial costs, such as server space for digital data storage,
will be recorded. After converting the time data to a financial
cost, the total cost data will be considered in parallel with the
measures of accuracy derived for the 3 methods. The primary
accuracy measure for cost-effectiveness is the absolute
percentage error in energy intake. Comparing costs with
accuracy will identify whether any of the 3 methods are
dominated by another (ie, ismore expensive and less accurate).
If not, the cost per person to reduce absolute misreporting by
1% point will be estimated.

Data Analyses

Energy I ntake Estimation Accuracy

The participant feeding days with at least two meals eaten at
the food laboratory will be included in the analyses. Daily
energy intake from each 24HR method and the controlled
feeding sessions will be calculated, excluding any items
reportedly consumed outside of the food laboratory. Outlier
checkswill be conducted to identify any obvious keying errors
or food composition data anomalies, which will be corrected
before proceeding. Bland-Altman plots will be used to test for
agreement between the 24HR values and controlled feeding
measures at the individual and group levels. Repeated
measurements will be analyzed using the linear mixed models
procedure using SPSS version 25, accounting for age, gender,
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and BMI, with 24HR method and method order asfixed effects,
to assess whether there are statistically significant differences
by 24HR method. Misreporting will be assessed by examining
the ratio of reported 24HR intake to observed intake, with the
lowest tertile considered to indicate underreporting. The
proportion of underreporters in each 24HR method will be
compared using chi-sguare tests and logistic regression. Among
underreporters, the total energy misestimation will also be
compared using regression models adjusted for age, gender,
and BMI.

Food Groups and Misreporting

Foods and beverages consumed during the controlled feeding
sessionswill be matched to the food codes from Australian food
composition tables (AUSNUT 2011-2013) using a hutrition
analysis software (FoodWorks 10, Xyris Software). The
measured quantities of the foods and drinks consumed in the
food laboratory will be coded. The observed intake of the
provided food groups will be calculated. In ASA24, Intake24,
and mFR24 data sets, foods and drinks that were reportedly
consumed outside of the food laboratory (eg, snacks) will be
removed before analysis based on the reported eating occasions
and time.

The 24HR data on food and beverage intake from each method
will be compared with the observed weight and daily intake of
food and beverages to identify 4 types of misreporting, that is,
omissions, intrusions, misclassifications, and portion
misestimations. The following 5 steps will be used:

1. Matches between reported and observed intake will be
identified by comparing the assigned food codes. Food
codes correspond to a food grouping hierarchy in which
the first 2 digits indicate the major food groups (eg, dairy,
meat, and vegetables), thefirst 3 digitsindicate the submajor
food groups (eg, milk products and dishes), and the first 5
digitsindicate the minor food groups (eg, dairy milk, yogurt,
and cheese) [77]. Food codes of reported and observed
intake datawill be considered an exact match if they belong
to the same minor food group. Foods codes from the same
submajor food group will be considered a close match,
whereas foods from the same major food group will be
considered afar match.

2. Omissions, which areitemsthat were consumed but are not
reported, will beidentified, and omission rates at each food
group level will be calculated using the formula:
sum of omissions/ (sum of omissions + sum of all matches)
x 100%.

Omission rates of mixed meds, single items, and
condimentswill be calculated. Differencesin omission rates
by 24HR method will be assessed using chi-square tests.

3. The proportion of misclassifications, which are incorrect
descriptions of consumed items, will be defined as close or
far matches. Differences in the proportion of
misclassifications within food groups by the 24HR method
will be assessed using chi-square tests.

4. Intrusions, which are items that are reported but were not
consumed, will be identified, counted by food group, and
expressed in kilojoules.
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5. Misestimation of portion sizewill be assessed by comparing
the intake of food item matches in grams for each 24HR
method with observed intake using a paired samples
Statistical test.

Correlates of Energy Misestimation

Psychosocial, demographic, and cognitive factors associated
with omission and intrusion rates and with energy misestimation
on each 24HR method will be evaluated using chi-square tests
and multivariate logistic regression. The effects of factors will
be reported as odds rati os and associated 95% Cls. Some dietary
factors in the Accuracy and Cost-effectiveness of
Technology-Assisted Dietary Assessment study are standardized
because of the controlled feeding methodology (meal frequency
and eating location), but it is hypothesized that food and meal
complexity and physical formwill affect reporting accuracy via
an interaction with cognitive factors. P<.05 will be considered
statistically significant in all analyses.

Acceptability

Differences in acceptability among methods indicated by the
rating and proportions of participants agreeing with each of the
ease-of -use statements will be assessed using chi-square tests.
Demographic correlates of a preferencefor aparticular method
will be explored using multivariable logistic regression,
adjusting for method order.

Cost-effectiveness

Both participant and researcher time costs will be multiplied
by standard staff costs (including on-costs) to estimate the
financial cost of using each method on a per-person basis.
Differencesintime cost and total financial cost will be compared
across methods using a repeated measures analysis of variance
test. P<.05 will be considered statisticaly significant. If
statistically significant differences exist, differences in
cost-effectiveness will be assessed using the same procedure.
Cogt-effectiveness will be defined as the cost per person to
reduce the absol ute mi sestimation of energy intake by 1% point.

Results

Participant recruitment commenced in March 2021 and will end
in December 2021. Ethics approval for this study was granted
by the Ingtitutional Review Board in April 2019. Participant
recruitment commenced in March 2021. As of August 2021,
68 participants had enrolled in the study. Data collection will
conclude at the end of December 2021. Data anaysis will
commencein 2022, and results are expected to be published in
late 2022.

Discussion

Overview

This study will provide outcome resultsin 3 main areas. It will
evaluate (1) the accuracy, user acceptability, and administration
cost of 3 technology-assisted dietary assessment tools, which
have never been compared in a single study; (2) the accuracy
of novel automated image analysis technology; and (3) the
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association of reporting accuracy of participants with a range
of cognitive and psychosocial factors.

Theresults of thisresearch will provide additional information
on the feasibility, accuracy, and cost to aid the selection and
further development of 3 technology-assisted 24-hour recall
methods for application in large-scale dietary assessment. The
use of acontrolled feeding study design for comparing multiple
technology-based dietary assessment methodsisnovel and will
allow comparison among methods relative to observed intake.
The results will also elucidate the correlates of dietary intake
misreporting, which will be useful in devel oping error mitigation
strategies.

Comparison With Previous Work

Measuring the cost of the 3 technology-assisted dietary
assessment methods is a unique feature of this study. The costs
of interviewer-administered pen and paper—based 24HR in 2013
ranged from US $178 per participant in South Asiato US $774
per participant in the Middle East and North Africa [78].
However, thereislittle published information on the operational
costs of technology-assisted dietary assessment [79], although
researchers have noted that staff costs persist despite substantial
savings on data collection and entry [80]. Quantifying and
comparing the costs of technol ogy-assisted dietary assessment
will provide essential information to aid decisions in planning
population surveillance and large-scal e epidemiol ogical studies
that aim to enroll thousands of individuals.

Elucidating the correlates of and developing methods for
addressing misreporting in dietary data collection and analyses
isrelevant to the global research community involved in studies
that assess dietary intake. It has been claimed that the
measurement errors in dietary assessment are so great that the
data hold no value [81,82]. A comprehensive refutation of this
assertion argued that besides further developing and evaluating
assessment methods, studies should be conducted to understand
and manage measurement errors [29].

To date, studies evaluating the role of psychosocia factorsin
dietary reporting accuracy have focused on dietary energy
misestimation, with energy expenditure as areference measure
[37,51,83-86]. Studies with measures of known food and
beverage intake aid the understanding of how misreporting
occurs, that is, the distributions of omissions, intrusions,
incorrect portion sizes, and incorrect food descriptions[87-89].
However, to our knowledge, no such study has measured
psychosocial and cognitive factors, and thus the associations
with various food and beverage error types; this study aims to
address this gap.

Strengthsand Limitations

This study has several strengths and limitations. A strength of
thisstudy isthe collection of observed food and beverage intake
using a controlled feeding study design. Many criterion
validation studies use biomarkers of energy expenditure, which
indicate the magnitude of misreporting, but do not help to
understand differential misreporting of food and beverageitems
nor the underlying mechanisms. For example, certain food types
may be more freguently omitted from reporting, or certain food
portion sizes may be frequently misestimated. Another strength
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isthe crossover design of the study, which allows for between-
and within-group comparisons. Few studies have compared
24-hour recall methods with reference methods using a
within-group comparison, and those studies did not use
technology-based methods [90,91]. Studies assessing multiple
technology-based 24HR methods have included different
participants completing each method [33,46]. In such studies,
between-person differences in dietary intake and recall biases
may have contributed to the observed differences. The
within-group comparison of the 3 dietary assessment methods
inour study will enable acomparison not subject to confounding
by between-person variation. This is an important strength of
this study, as it will also alow the evaluation of consumer
acceptability of these methods. The uniqueness of this study is
the evaluation of the cost-effectiveness of the 24HR methods.
This will provide valuable data for policy makers and
researchers planning large-scale surveys.

A limitation of this protocol study isthat the limited number of
foods offered may facilitate a better chance of amatch between
reported and observed intakes than if the study was conducted
in afree feeding environment. Another limitation of this study

Whitton et al

is the self-selecting sample, meaning that the findings may not
be fully generalizable to the wider population, as study
participants who volunteered may be more motivated to
complete dietary assessment methods because of their own
interest in dietary intake. Recruitment through the electoral roll
isan important aspect of the study design that facilitatesawide
and diverse recruitment. In addition, randomization by gender
aimsto recruit equal proportions of men and women acrossthe
groups so that gender differences can be assessed.

Conclusions

The 24HR dietary assessment is a widely used method for
population-wide nutrition surveillance and epidemiology
globally [92]. By assessing the accuracy of dietary intakes,
acceptability, and cost-effectiveness, this study will
comprehensively evaluate 3 technology-assisted dietary
assessment methods, which are administered remotely. The
study will also determine if such methods can provide a
cost-effective, efficient, and timely approach to large-scale data
collection, which may trand ate to lower costsand improvements
in scale, frequency of dietary intake surveillance, and better
precision regarding food consumption.
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Abstract

Background: Multi-parametric remote measurement technologies (RMTs) comprise smartphone apps and wearable devices
for both active and passive symptom tracking. They hold potential for understanding current depression status and predicting
future depression status. However, the promise of using RMTs for relapse prediction is heavily dependent on user engagement,
which is defined as both a behavioral and experientia construct. A better understanding of how to promote engagement in RM T
research through various in-app components will aid in providing scalable solutions for future remote research, higher quality
results, and applications for implementation in clinical practice.

Objective: Theaim of thisstudy isto provide the rationale and protocol for a 2-armed randomized controlled trial to investigate
the effect of insightful notifications, progress visualization, and researcher contact detailson behavioral and experiential engagement
with a multi-parametric mobile health data collection platform, Remote Assessment of Disease and Relapse (RADAR)-base.

Methods: We aim to recruit 140 participants upon completion of their participation in the RADAR Magjor Depressive Disorder
study in the London site. Datawill be collected using 3 weekly tasks through an active smartphone app, a passive (background)
data collection app, and a Fitbit device. Participants will be randomly allocated at a 1:1 ratio to receive either an adapted version
of the active app that incorporates insightful notifications, progress visualization, and access to researcher contact details or the
active app as usual. Statistical tests will be used to assess the hypotheses that participants using the adapted app will complete a
higher percentage of weekly tasks (behavioral engagement: primary outcome) and score higher on self-awareness measures
(experiential engagement).

Results: Recruitment commenced in April 2021. Data collection was completed in September 2021. The results of this study
will be communicated via publication in 2022.
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Conclusions: This study aims to understand how best to promote engagement with RMTs in depression research. The findings
will help determine the most effective techniques for implementation in both future rounds of the RADAR Major Depressive

Disorder study and, in the long term, clinical practice.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(12):€32653) doi:10.2196/32653

Clinical Trials.gov NCT04972474; http://clinicaltrials.gov/ct2/show/NCT04972474
DERR1-10.2196/32653

KEYWORDS
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Introduction

Background

The last decade has seen a significant increase in the use of
mobile technology in health care (mobile health [mHealth])
research and clinical practice [1]. One such application of
mHealth isthe use of remote measurement technologies (RMTS),
which provide real-time, longitudinal health tracking using a
combination of smartphone apps for active symptom reporting
tasks (active RMT [aRMT]) and mobile or wearable sensors
for passive data collection (passive RMT [pRMT]) [2].
Multi-parametric RMT data have the potential to inform about
current clinical state by reflecting patients' daily experiences
insitu. They may aso offer predictions by detecting subtle shifts
in physiological, behavioral, or environmental variables that
occur before a changein clinica state [3,4].

RMTs may be particularly relevant in recurrent conditions.
Major depressive disorder (MDD) is a mental health disorder
characterized by persistent low mood and anhedonia, often
following a trajectory of remission and relapse over time [5].
The economic burden of MDD is currently estimated at US
$326 hillion [6], with increased risks of comorbiditiesand health
care use associated with high relapse rates[ 7]. RMTscan collect
information about awide range of factors associated with MDD
(mood variability, sociability, activity, cognition, and sleep)
[2]. Raw, passive sensor data can be translated into low-level
features, higher-level behavioral markers, and ultimately clinica
state [8]. Previous work hasfound ambulatory self-reporting of
mood symptoms [9] and multi-parametric RMT measures of
location, device use, and sleep across a 30-day period [10] to
be clinically valid assessments of individua depression
trgjectories.

The benefits of using RMTs for MDD symptom tracking are
2-fold. First, given the suggested biases [11] toward
mood-congruent information in symptom reporting in
depression, such data present a more accurate picture of
symptom variability. Second, continuous monitoring of
symptom recurrence could provide the temporal resolution
needed to detect indicators of future depressive episodes [4].
Therefore, the use of RMTsin MDD could hold great potential
for understanding current and predicting future depressive states.

Remote Assessment of Disease and Relapsein MDD

Remote Assessment of Disease and Relapse in MDD
(RADAR-MDD) isalongitudinal, multi-site, prospective cohort
study that isinvestigating the feasibility and predictive validity

https://www.researchprotocols.org/2021/12/e32653

of RMT data in identifying predictors of MDD relapse [2]. It
is part of the wider RADAR-CNS program [12] and uses the
open-source mHealth platform, RADAR-base [13], to collect
aRMT data (fortnightly tracking of mood, self-esteem, and
speech using an active smartphone app), pRMT data (GPS,
Bluetooth interactions, and ambient noise and light using a
passive smartphone app and heart rate and step count from a
wrist-worn wearable), and 3-monthly outcome assessments
(web-based) in participantswith MDD. The core research team
provided the initial enrollment session and support throughout
the 2-year remote follow-up period. Data were collected from
623 participants across the London, Amsterdam, and Barcelona
sites, and the study was concluded in April 2021. The results
will explore whether multi-parametric RMTs can feasibly
provide clinically relevant information and, if so, pave the way
for tranglation of the platform into routine clinical practice and
self-management of MDD.

Engagement With RMTsin Research

The promise of research such asRADAR-MDD depends heavily
on user engagement. Engagement with mHealth technologies
can be defined as (1) a behavioral construct measured by
objective compl etion statistics and (2) an experiential construct
measured by focused attention and interest when interacting
with thetechnology [14]. Qualitative studies suggest that service
users endorse the use of RMTs in mental health care [15,16].
Successful recruitment into the RADAR-MDD study also
suggests widespread interest in using remote symptom tracking
for research [17]. However, past studies have reported varying
rates of behavioral engagement during follow-up. Studiesusing
app-based symptom tracking in cohorts with depression have
reported low rates of data completion [18,19]. A wider review
of RMT for health management found largevariationsinaRMT
and pRMT usetimes[20]. Preliminary datafrom RADAR-MDD
indicate that participants completed amedian of 21 (IQR 9-31)
out of apossible 52 aRMT questionnaires, and 52.3% (326/623)
provided wearable data for over 75% of the participating days
[21]. Iterative work on the RADAR-base platform has aso
addressed the challenges of deciphering between low user
engagement and technical issues with the technology [22].

Behavioral engagement with RMTs in research is vita in
reducing data missingness and bhias and enhancing quality
[23,24]. However, an understanding of experiential engagement
with RMTs and the act of symptom tracking itself could prove
of equal benefit for data completeness and |ong-term adherence.
In a study using multi-parametric RMTs in bipolar disorder,
experiential engagement measures (self-awareness of emotional
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health and learning about symptoms) positively correlated with
increased behavioral engagement with symptom tracking using
a smartphone app and Fitbit [25]. A holistic approach to
measuring engagement is necessary for understanding the
current lack of and promoting future engagement with RMT
studies.

Several methods are available to promote engagement within
the RMTs themselves. In addition to the presence of a
contactabl e research team, which has been previousdly associated
with increased engagement [17,24], in-app components work
remotely within the technology. Push notifications are prompts
that appear on the smartphone screen and can vary according
to content and timing [26]. Following the Fogg behavioral model
[27], natifications provide atrigger to perform abehavior, such
as compl eting tasks on amanual food logging app [28]. Adding
theoretically informed notification content, such as insights or
tips for using self-monitoring, can further motivate the
completion of mood scales [29]. The effects of notification
frequency on engagement show mixed results [26,30,31]. Data
visualization is a common technique used in mood monitoring
apps[32]. Visually displaying data completion allows usersto
revisit progress and may prompt the action of continued data
input [33]. This might be especialy effective given that
anticipatory pleasureisthought to predict motivation for reward
in individuals with depression [34]. It is unclear which
combination of in-app features can promote behaviora and
experiential  engagement  with a  multi-parametric
symptom-tracking app in depression. Findingsinthisfield would
provide scalable solutions for engagement in RMT studies,
higher quality results, and applications for implementation in
clinical practice.

Study Aims and Objectives

This study aims to test the effect of in-app componentsin a
multi-parametric RM T platform on engagement with active and
passive symptom tracking in MDD. A 2-armed randomized
controlled trial will be used to compare the RADAR-base active
app with an adapted app with insightful notifications and
progress visualization aimed at promoting behavioral and
experiential engagement. Engagement will be measured as
provision of symptom tracking data collected through RMT
over the 12-week study period and the degree to which
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participantsfeel experientially engaged with symptom tracking
viathe platform. It is hypothesized that participants using the
adapted app will be better engaged in monitoring their
symptoms, as measured by both behavioral engagement
(completion of mood questionnaires) and experiential
engagement (measures of attention, aesthetic appeal, and
self-awareness). Process evaluation measures will also reveal
participant experience with the engagement strategies used.

Methods

Ethics Committee Approval

This study was approved by the Psychiatry, Nursing and
Midwifery Research Ethics Subcommittee at King's College
London (reference number: RESCM-20/21-21083) and
registered asaclinical trial (reference number: NCT04972474).

Study Design

Thisstudy isa12-week, 2-arm randomized controlled trial with
1:1 randomization. A summary of the study design is presented
in Figure 1. A 12-week period was chosen to align with the
original structure of the RADAR-MDD study [2]. Participants
will be recruited from RADAR-MDD, will provide baseline
data (T0O), and will be randomized at enrollment (T1) to 1 of 2
arms; an adapted app that includes insightful notifications and
progressvisualization (active arm) or active app asusual (control
arm). Both the control and active armswill be delivered through
the RADAR-base active app, which collects datain combination
with a passive data collection app and a Fitbit Charge device
[13]. In both arms, participantswill be asked to compl ete 3 tasks
each week via the app and wear the Fitbit device throughout
the study. The primary outcome is the percentage of weekly
tasks completed over 12 weeks of follow-up.

Upon completion of the study, 20 participants (n=10 from each
arm) will also be randomly invited to complete a qualitative
interview about their experience of participating.

The study will be conducted using a combination of the
RADAR-base platform, including the management portal web
application [13] and REDCap (Research Electronic Data
Capture) [35]. Owing to the COVID-19 pandemic, participation
will be fully remote.

Figure 1. Study design from screening to follow-up end point, including time points 0, 1, and 2. RADAR-MDD: Remote Assessment of Disease and

Relapse in Major Depressive Disorder.

Completion of
participation in the
RADAR-MDD study
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Eligibility Criteria
Inclusion Criteria

Participants will be included if they (1) participated in
RADAR-MDD and gave consent for future research contact,
(2) experienced at least one episode of MDD in the 2 years
preceding RADAR-MDD enrollment, (3) are willing and able
to continue to use an Android smartphone and Fithit Charge
device for a 12-week period (both provided for use in
RADAR-MDD), and (4) feel comfortable completing an
enrollment session remotely either via email instructions or
video cals.

Exclusion Criteria

Participants will be excluded if they have been diagnosed with
a comorbid psychiatric disorder since their enrollment into
RADAR-MDD: bipolar disorder, schizophrenia, psychosis,
schizoaffective disorder, or dementia. Thiswill be checked with
the participant viaemail during the recruitment process.

Recruitment

Participants will be recruited through the RADAR-MDD
database of the London site. Contact details will be extracted
from the RADAR-MDD REDCap system for those who have
provided consent to be contacted for future research. Thiswill
include any participant who enrolled in the study during the 31
months of recruitment (November 2017 to June 2020; n=345).

Participants will be invited to participate via an email that will
explain the study and provide the participant information sheet.
Interested participants will respond via email. They will then
be asked the €ligibility questions via email. If digible,
participant details will be entered into the study REDCap
system, which will initiate the sending of a personalized link
to the web-based consent form and baseline questionnaires (TO0).
Once these have been compl eted, the participant will receive a
second link to a web-based booking system, where they can
book atime slot for an enrollment session. Enrollments will be
conducted between April and May 2021. On the day of
enrollment, participants will receive an email (or avideo call,
depending on their preference) outlining instructions for
downloading the study apps and unique QR codes to register
them to the platform (T1).

Interventions

Overview

Upon enrollment into the study, participants will be asked to
complete 3 tasks per week viathe active app, allow the passive
app to run in the background on their smartphones, and wear
the Fitbit device as much as possible. The active app tasks are
as follows: (1) Patient Health Questionnaire-8 (PHQ-8) [36],
an 8-item questionnaire assessing the variability of depressive
symptoms over the last week; (2) Rosenberg Self-Esteem Scale
[37], a10-item questionnaire assessing variationsin self-esteem;
and (3) a speech task, during which the participant records
themselves reading aloud a short paragraph.

https://www.researchprotocols.org/2021/12/e32653
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In both arms, the weekly questionnaire tasks, the passive app,
and the Fitbit device remain the same. The study is designed
such that the enrollment process is identical for both arms to
ensure that participants do not prime to the study arm that they
are assigned and that both arms are comparable with
RADAR-MDD.

Control Condition

Participants in the control arm will receive one notification at
the 9 AM, 10 AM, and 11:30 AM time points on the day that a
guestionnaire task is due, which reads “Questionnaire Time.
Won't usually take longer than 3 minutes.” They will not be
ableto view any data aside from that through the Fitbit app.

Active Condition

Development of the Adapted App

The design of RADAR-MDD, including the active app, was
heavily informed by service user involvement [38]. This study
used behavior change theory and further patient public
involvement work to inform its design.

To establish how best to promote the behavior of symptom
tracking, it isuseful to draw on theories and models of behavior
change. The Behavior Change Whesel [39] presentsaframework
for the development of strategiesto promote a target behavior.
Previous work was used to identify key health-, user-, and
technology-rel ated barriersto engaging with symptom tracking
in MDD [15,20,38] (Figure 2). Following the COM-B model,
psychological capabilities, such aslack of symptom insight and
perceived utility of the research, automatic motivations related
to motivational difficulties and low mood, and physical
opportunities, such as inability to answer questionnaires at a
specific timeand unsureif the data have been logged, presented
the most pertinent barriers. Following the Behavior Change
Whedl, suitableintervention functionsthusincluded education,
incentivization, and enablement [39]. Therefore, it was decided
that an engaging app should include reminder notificationswith
information on the potential impacts of symptom tracking from
acredible source. It should also include incentivizing feedback
on behavior in the form of data visualization. Finally, users
should be provided with researcher contact details to report
technical issues or receive support.

The progress visualization component was further informed by
service user involvement [40] (Figure 2). Simple, clear graphical
representations of data were preferred, presented on a white
background with colored data points. Users expressed an interest
in positive reinforcement based on reaching achievements, for
example, step count goals or simply the entering of data, coupled
with a visual representation of completion, for example, a
changein color. They also requested the choice to view or hide
visualizations. Therefore, the visualization component was
designed to comprise a separate section of the app that users
can choose to view with a simple, colored graph showing
completion or noncompletion at each weekly time point.
Completion is denoted by a green dot and noncompletion, by
ared dot.
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Figure 2. Service user involvement in the design of the adapted app. RMT: remote measurement technol ogy.

Barriers to RMT use

Facilitators of RMT use

Lack of motivation (health-related)

Perceived utility, for example,
raising awareness, sense of control,
and thinking more positively (user-
related)

Poor insight into health status
(health-related)

Perceived success of the research
(user-related)

Perceived costs, for example, increased
anxiety, time, and effort (user-related)

Ability to visualize data (tech-
related)

Notifications at inconvenient timings,
incompatibility with daily
routine (tech-related)

Clarity of information (tech-
related)

Irrelevant questions or symptoms
tracked (user-related)

Presence of notifications (tech-
related)

Technical malfunctions (tech-related)

Availability of practical support

Data visualization preferences:

Images rather than text.

Bar graphs and simple charts with dots or lines.
‘White background with coloured data.

Choice to view data or not.

Graphical representations preferred, for example,
line, bar, or pie charts.

No harsh colors, for example, red. Bright colors, in
general, but more muted when acutely

depressed.

Do not emphasize lack of progress.

(tech-related)

Motivational feedback, for

example, virtual rewards, motivational
texts, and learning about real-time
activity (tech-related)

In-App Components

Participants in the active arm will receive notifications at the o

same time points as those in the control arm, along with the
following additional content (Figure 3):

1 Theoreticaly informed notifications: additional sentences
included in the notifications covering the proposed benefits
of remote symptom monitoring for emotional
self-awareness, clinical practice, and research, along with

Figure 3. Screenshots of the in-app components included in the adapted app.

@ RADAR Questionnaire * now ~

Questionnaire Time. Complete any time today.
Symptomn tracking might increase self-awareness of
your emations (Bakker & Rickard, 2018).

Credits

l@ RADAR Questionnaire * now ~

Questionnaire Time. Complete any time today.
Symptom tracking is often used in treatment to
increase symptom insight (Kramer et al., 2014).

@ RADAR Questionnaire * now ~
Questionnaire Time. Complete any time today.
Tracking symptoms remotely might help

researchers to better understand health
conditions.

(1) Research team contact
details, accessible through an
icon on the homepage.

(2) Theoretically-informed
notifications alternating
between 3 phrases.

Data Collection and Follow-up Procedure

A summary of measures and data collection time points is
outlined in Table 1.
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* Option to add contextual information.

+ Customization: what to visualize, how to visualize it,
and how often to access it.

a reminder that the questionnaire can be completed any
time today.

Progress visualization: participants will be able to view
their questionnaire task completion through the app
visualized as a graph that is accessible from the main app
home page.

Research team contact details. additional text on the app
home page will provide a contact phone number, email
address, and contact times for the research team.

RADAR-CNS < Progress Report
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(3) Progress visualization, accessible through an icon on the
homepage, displaying full, half, or non-completion of
weekly tasks for each of the 12 weeks.
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Table 1. A summary of measures and data collection points across the 12-week follow-up period.

Measures

Baseline(TO)  End point (T2) Weekly  Continuously

REDCap? survey
Consent
Contact information
Study devices
Sociodemographics
Social environment
Medical history
Lifetime Depression Assessment Self-report [41]
Inventory of Depressive Symptomatology [42]

The World Health Organization Composite | nternational Diagnostic Interview

Short-Form [43]

Generalized Anxiety Disorder-7 [44]
Work and Social Adjustment Scale [45]
Brief 11iness Perception Questionnaire [46]
Life events[47]

Client Service Receipt Inventory [48]

User Engagement Scale (adapted for mHealth? use) [49]
Emotional Self-Awareness Questionnaire [50]
mHealth App Usability Questionnaire [51]
Active app measures
Patient Health Questionnaire-8 [36]
Rosenberg Self-Esteem Scale [37]
Speech task
Passive app measures
GPS, Bluetooth, and ambient noise and light
Fitbit
Heart rate and step count
Process evaluation
App use metrics

Qualitative interviews

O o oo o g ogo o
o o oo o 0o o o

DC

3REDCap: Research Electronic Data Capture.
PmHealth: mobile health.
®Only a select few participants will be asked to interview.

Baseline questionnaires will comprise questions on contact
information, sociodemographics, recent service use, physica
and mental health history, and comorbidities, including the
presence of depression and recent life events. The research team
will aso manually pull data pertaining to participation in
RADAR-MDD for each participant, for example, participation
length and completion rates. At the 12-week postbaseline
follow-up, participantswill receive apersonalized link to repeat
severa baseline questionnaires. Responses received more than
3 weeks after baseline or follow-up will not be recorded.

https://www.researchprotocols.org/2021/12/e32653

The principal investigator (KMW) will monitor incoming data
streams to ensure that the app is functioning correctly.
Participants will not be contacted by the team once enrollment
iscomplete, aside from a check-in email at the 6-week point to
ensure that the app is functioning correctly. Participants will
not be withdrawn from the study based on nonengagement;
however, participantswill be made aware that they can withdraw
at any point.

Suicidal ideation will also be monitored at baseline (TO) and at
follow-up (T2). Participants who report ideation or intent at
either time point will be contacted via phone call, advised to
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contact their treating physician, and emailed alist of appropriate
signposts.

Upon completion of the study, participants will view a
debriefing page explaining that the study aimed to test the
effectiveness of notifications and progress visualizations on
engagement with the platform. Both arms will be outlined,
identifying arm assignments and end point instructions.

Outcome M easures

Primary Outcome Measure

The primary outcome measure will be the behaviora
engagement with the RADAR-base system. This will be
measured as the percentage of weekly PHQ-8 questionnaires
completed over the 12-week follow-up period. Completion of
1 PHQ-8 task is defined as the compl etion of the 8 questions.

Secondary Outcome Measures
Secondary outcome measures will be as follows:

1. Experiential engagement with the RADAR-base platform
measured with the User Engagement Scale (UES) [52]
adapted to mHealth use [49]. The UES is a 30-item
guestionnaire measuring 4 factors of experiential
engagement with mHealth apps: focused attention,
perceived usability, aesthetic appeal, and reward. The UES
has been widely adopted and shows good reliability and
construct validity [53].

2. Experiential engagement with the RADAR-base platform
measured by the Emotional Self-Awareness Questionnaire
(ESQ) [50]. The ESQ isa33-item questionnaire measuring
recognition, contextualization, and decision-making in
relation to one's own emotions. The ESQ has a reliability
of 0.92 and shows significant positive correlations with the
Emotional Intelligence Test [50].

3. System usability measured using the mHealth App Usahility
Questionnaire (MAUQ) for stand-alone apps used by
patients [51]. This will be assessed at T2 only, asking
participants to reflect solely on their experiences over the
last 12 weeks. The MAUQ comprises 18 questionsrelating
to the immediate and long-term usability of the app,
including health care management (overall Cronbach
0=.914).

4. Combined adherence to active and passive (Fitbit)
components of the system will be measured as follows:
adherenceratefor the active app measured asthe proportion
of participants with over 50% of completed data across all
3 weekly questionnaire tasks and adherence rate for the
passive Fitbit measured as the proportion of participants
with over 50% of study dayswith any recorded data. These
measures were chosen to align with data availability
reporting in RADAR-MDD [21], previous literature [25],
and the minimum amount of data sufficient for performing
predictive analyses.

Additional Data Collection

Passive data through the RADAR-base passive app will also be
collected; however, these will not be analyzed as part of this
trial. This additional datawill be collected for 2 reasons: (1) to
emulate the RADAR-MDD as closely as possible and (2) for
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usein future analyses. The passive app collectsinformation on
phonelocation, battery level, Bluetooth devices, and background
noise and light. Participants can opt out of using any of the study
apps during their participation.

Process Evaluation Measures

Process evaluation measures will also be collected to further
understand the interaction with the RADAR-base system.
Quantitative measures will be obtained regarding app use:
notification interaction, app initialization, specific module
viewing, and viewing time. These will be available from the
back end of the RADAR-base platform.

At the end of the follow-up period, 20 participants will be
randomly invited to participate in a semistructured telephone
interview with amember of the research team, discussing their
experiences of participating in the study. Discussions will
comprise perceptions of the arm to which the participant was
randomized, experiences of the in-app techniques used,
suggestions for further improvements for engagement with the
system, and views on engagement with RMT systems for
symptom tracking in research, clinical care, and
self-management (Multimedia Appendix 1).

Sample Size

Power calculations were performed based on preliminary data
fromthe RADAR-MDD. A total of 132 participantsarerequired
to detect a difference of 25% completion of PHQ-8 tasks
between the control and active arms, with 80% power and 95%
Cl at the 12-week end point. Allowing for 10% attrition (based
on previous research [21] but accounting for a much shorter
follow-up period in this study), we will aim to recruit 140
participants. A total of 345 participants will be available to be
contacted from the RADAR-M DD study cohort; assuming 50%
acceptance of invitation (given the recruitment from apreviously
motivated cohort), atarget of 140 participants should befeasible.

Randomization

Randomization will occur after baseline data collection when
the REDCap randomization modul e initiates the generation of
a QR code from the RA DA R-base management portal assigned
to the participant identifier. Each participant will be randomly
allocated at a 1:1 ratio to either the control or the active arm.
Simplerandomization will be used, inwhich an allocation table
with arandom sequence of 1,2 will be generated and uploaded
to REDCap. Thiswill be carried out by ateam member external
tothe coreresearch team (Y R) and therefore be conceal ed from
the principal investigator (KMW) before enrollment.

Blinding

Individual participants will have previousy used the
RADAR-MDD app and therefore cannot be blinded because
they might recognize new features of the app. However, arm

assignments will not be explicitly revealed to the participants
until the study debrief.

The principal investigator (KMW) will be unblinded to
allocation to ensure that remote enrollments have been carried
out correctly. All measures are conducted using the app or
web-based REDCap system to avoid detection bias in
assessments [54]. The trial data manager (DL) will be blind to

JMIR Res Protoc 2021 | vol. 10 | iss. 12 |e32653 | p.70
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

arm allocation. No other individualswill have accessto the data
set for data monitoring or analysis purposes; al tasks will be
carried out by the principal investigator (KMW).

Data M anagement

All data collected via the Fithit device and smartphone apps
will be encrypted and uploaded to a secure server maintained
by King's College London in accordance with the process cited
by Ranjan et a [13]. The REDCap system sits on the King's
College London Rosdind server. Only members of the
RADAR-Engage team will have access to identifiable data.
Qualitative interview data will be temporarily stored on the
King's College London server, transcribed anonymously, and
subsequently deleted.

Statistical Analysis: Plan

Overview

All data, including those from withdrawn participants (unless
they request for their data to be deleted) will be included in the
final analysis. Demographic and clinical characteristics at
baseline and follow-up will be summarized by arm using
appropriate summary statistics, for example, mean and SD for
continuous variables and counts and percentagesfor categorical
variables. Data completeness for all measures and outcomes
will be summarized.

The primary outcome will be analyzed using 2-sample t tests
(2-tailed) to assess whether the mean percentage of PHQ-8
completion in each arm is statistically different.

For the secondary outcomes, experiential engagement (as
measured by the UES and ESQ) will be collected at TO and T2
and will thus be calculated as a change from baseline. Thiswill
be assessed using repeated measures mixed modeling to explore
whether experiential engagement is dsatistically different
between the 2 arms. App usability scores (MAUQ) and overall
system adherence rates will also be compared. Complete case
analyses will be used; if <20% of responses to each
guestionnaire are missing, mean imputation will be used to
provide atotal score.

All analyses will be conducted using the intention-to-treat
principle. The threshold for statistical significance was set at
P=.05.

Process Evaluation Analyses

Qualitative interviews will be transcribed and coded using
NVivo software [55]. Grounded theory thematic analysis will
provide an exploration of participant experiences across the 2
arms and with the additional in-app components. Descriptive
statistics will be reported for app use statistics.

Dissemination
This study will be reported following the CONSORT

(Consolidated Standards of Reporting Trials) checklist [56].
The results of this study will be discussed via publication.

Results

This study will begin recruiting and enrolling participants in
April and May 2021. Data collection will be completed by
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September 2021. Data analysis will commence in 2022. The
results of this study will be communicated via publication in
mid-2022.

Discussion

Principal Findings

Theuse of RMTsfor symptom tracking in MDD research holds
great potentia for relapse prediction and personalized health
care. Understanding current and promoting future engagement
with RMTs in research studies is of utmost importance for
producing high-quality results, and thisisonly amplified by the
shift to remote health care monitoring during the COVID-19
pandemic [57-59]. Although previous studies have explored the
impact of specific in-app components in encouraging data
completion [25,26,32,33], to our knowledge, this study is one
of the first to explore the promotion of engagement with a
multi-parametric RMT system for MDD symptom tracking.
Within the framework of the RADAR-base system, this study
uses the questionnaire app as a participant-facing conduit to
promote behavioral and experiential engagement with active
and passive RMT in alarge-scal e research study incorporating
theoretical notifications and progress visualization.

Thefindings of thisstudy will, first, provide some understanding
about how best to promote engagement in subsegquent rounds
of the RADAR-MDD study. The ability to collect sufficient
data remotely by relying less heavily on a core research team
while also minimizing burden on the user is a highly valuable
asset for RMT research. This study also represents the first
attempt to recruit and follow up with participants completely
remotely using RADAR-base and, if successful, will pave the
way for fully remote recruitment across a range of conditions.
Second, thiswork sheds light on experiential engagement with
RMT symptom tracking. The findings here could uncover new
methods for measuring and promoting engagement in MDD
research. Third, studying behavioral and experiential
engagement in a research context can act as a proxy for
understanding engagement in a clinical context [60]. Taken
together, thesefindings could have wider implicationsfor RMT
research studies across heath conditions, aongside the
implementation of RMT data collection in clinical settings.

Strengthsand Limitations

A key strength of this study is its grounding in a previous
research project, using a system that has already been
well-documented, designed, and developed for the purpose of
RMT data collection [21,61,62]. It also takes an additional
theory-driven and user-centered approach to adapting
components of the system to promote optimal user engagement.
However, this study has 3 main limitations. First, our ability to
recruit and retain a sufficient number of participants for power
analysis may be hindered by participation fatigue, given that
many will have completed up to 2 yearsin the previous study.
The effects of the COVID-19 pandemic on participants
willingness to engage in research studies are unclear. Second,
it should be considered that recruiting from an existing study
cohort with prior understanding of the system could create a
ceiling effect for engagement, such that participants are already
highly motivated to engage in symptom tracking. App literacy
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has also been noted as a key facilitator of mHeath app
engagement [63]. Nonetheless, there is good reason to believe
that the new in-app components can encourage engagement
over and above the moderate data availability reported in
RADAR-MDD [21]. Third, athough concerted efforts were
made to include health-, user-, and technology-related barriers
to engagement in the app devel opment process, we acknowledge

White et al

symptomatology, for example, low mood or motivation [34],
could affect engagement with the RADAR-base system in ways
that might not be mitigated by theoretical notifications or
progressvisuaization. Therefore, we have also included process
evaluation measures to further understand how participants
interact with the components and gain insight for future
improvements.

that thisis not al-encompassing. Certain aspects of depressive
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Abstract

Background: We co-designed a smartphone app, Harmonised, with taitamariki (young people aged 13-17 years) to promote
healthy intimate partner relationships. The app also provides a pathway for friends and family, or whanau (indigenous Maori
extended family networks), to learn how to offer better support to taitamariki.

Objective: The aim of our taitamariki- and Maori-centered study is to evaluate the implementation of the app in secondary
schools. The study teststhe effectiveness of the app in promoting taitamariki partner relationship self-efficacy (primary outcome).

Methods: We co-designed a pragmatic, randomized, stepped wedge trial (retrospectively registered on September 12, 2019)
for 8 Aotearoa, New Zealand, secondary schools (years 9 through 13). The schools were randomly assigned to implement the
appin 1 of the 2 school terms. A well-established evaluation framework (RE-AIM [Reach, Effectiveness, Adoption, Implementation,
Maintenance]) guided the selection of mixed data collection methods. Our target sample size is 600 taitamariki enrolled across
the 8 schools. Taitamariki will participate by completing 5 web-based surveys over a 15-month trial period. Taitamariki partner
relationship self-efficacy (primary outcome) and well-being, general health, cybersafety management, and connectedness (secondary
outcomes) will be assessed with each survey. The general effectiveness hypotheses will be tested by using alinear mixed model
with nested participant, year-group, and school random effects. The primary analysis will also include testing effectiveness in
the Maori subgroup.

Results: The study was funded by the New Zealand Ministry of Business, Innovation, and Employment in October 2015 and
approved by the Auckland University of Technology Ethics Committee on May 3, 2017 (application number: 17/71).
Conclusions: This study will generate robust evidence evaluating the impact of introducing a healthy relationship app in
secondary schools on taitamariki partner relationship self-efficacy, well-being, general health, cybersafety management, and
connectedness. This taitamariki- and indigenous Maori—centered research fills an important gap in developing and testing
strengths-based mobile health interventions in secondary schools.

Trial  Registration: Australian  New  Zedland Clinica  Trids Registry ACTRN12619001262190;
https.//www.anzctr.org.au/Trial/Registration/Trial Review.aspx?d=377584

International Registered Report Identifier (IRRID): RR1-10.2196/24792
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Introduction

Study Rationale

Abuse in intimate partner relationships is a human rights
violation and a social and public health problem [1,2]. In
Aotearoa, New Zealand, 1 in 3 women experience physical or
sexual violence by a partner, with rates higher for indigenous
Maori (58%) compared with New Zealand European (34%)
women [3,4]. For many, their first experience of relationship
abuse is during adolescence (13-18 years) [5-9]. Relationship
abuse may include psychological, physical, sexual, or cyber
abuse threats [10-12]. There is a small but growing body of
literature examining relationship abuse prevalence, prevention,
and intervention during thiscritical period of adolescence, when
individuals transition from childhood to adulthood [13-15].
Comprehensive, accessible, innovative, and cost-effective
interventions are required to prevent intimate partner abuse
among young people. However, frequently, research programs
appear to be done on rather than with young people, and few
studies provide an indigenous lens. Given the significant health
and socia inequities of indigenous Maori in Aotearoa, New
Zealand, we embarked on a program of co-designed research
to develop and evaluate a personalized healthy relationship
smartphone app using a taitamariki- (young person) and
Maori-centered approach. The RE-AIM (Reach, Effectiveness,
Adoption, Implementation, Maintenance) framework, including
qualitative and quantitative data collection methods, was used
to examine the adoption and implementation of the app in 8
pilot secondary schoolsin New Zealand [16,17]. In this paper,
we present a trial protocol for testing the effectiveness of the

app.
Taitamariki-Centered Approach

As ateam, we are committed to including the voice of young
people in our work, consistent with their right to express
opinions freely and have these considered in any matter that
affects them [18,19]. We will convene taitamariki advisory
groups (TAGs) to enable young peopleto cocreate the app using
participatory research principles [20] and cocreation processes
[21,22]. Before the forma trial, Maori team members
experienced in child advocacy and focus group methodology
(ME, TD, and TWBU) recruited and facilitated 2 cohorts of
TAGs. TAG membersand their parents provided written consent
to participatein thisresearch project. Theinitial tuakana (ol der)
TAG included 7 taitamariki from 1 New Zealand region. At
recruitment, they ranged in agefrom 15to 17 yearsand included
both taitamatane (boys; n=4) and taitamahine (girls, n=3); 5 of
the 7 taitamariki self-identified as Maori. As the app was
developed and trial was planned, meetings were convened
kanohi-ki-te-kanohi  (face-to-face), supplemented  with
communication viaaprivate Facebook group. The second teina
(younger) TAG members are recruited from our pilot schools
across New Zealand and include 15 taitamariki (boys, n=4;
girls, n=11). Communication includes kanohi-ki-te-kanohi

https://www.researchprotocols.org/2021/12/e24792

meetings, videoconferencing, and interaction on Instagram.
TAG members participated in project branding, app
development, and trial design. The project branding Harmonised
was chosen by the TAG. The TAG memberswill participate in
the implementation, interpretation of findings, and
dissemination.

Maori-Centered Approach

As a team, together with our community advisors, we are
committed to a Maori-centered approach. At our first team hui
(meeting), we specified our purpose, kaingakau (values), tikanga
(right way of doing things in a Maori worldview), and
whanongapono (principles) to guide our mahi (work). A
Maori-centered approach is premised on the bicultura
relationship between Maori as tangatawhenua (indigenous
people of the land) and tauiwi (nonindigenous people) [23].
This research privileges a Maori worldview, ensuring that
processes and outcomes are beneficial for Maori, inclusive of
Maori values, expectations, and needs, and cedes control to
protect Mdori interests.

Early in the development of this research program, we took a
philosophical turn from the mainstream deficit-based approach
of reducing violenceto aMaori well-being and strengths-based
approach of promoting healthy relationships. From that point,
we problematized our processes and decisions. For example,
we identified that available validated measures focused on
measuring adolescent relationship abuse (or dating violence)
rather than measuring healthy relationships—the core focus of
the research. In addition, identified measures were
predominantly developed for adults and modified for young
people, often without input from young people themselves.
Finally, we could identify no measures for our variables of
interest that represented a Maori or indigenous youth
perspective. Therefore, in many respects, we are traveling
uncharted territory, balancing cross-disciplinary and
cross-cultural bodies of knowledge.

Why M obile Health?

Aspeopleareincreasingly seeking health information from the
internet [24,25], mobile health interventions offer promise for
improved health and well-being across the life span [26,27].
There is also evidence of value in the development of mobile
health interventions aligned with indigenous frameworks
[28-30]. In research with taitamariki Maori in Northland New
Zeadland about healthy and unhealthy intimate relationships,
taitamariki expressed a need for more information and more
effective support from friends and whanau [31,32]. However,
rather than being lectured to or given advice when they haven't
asked for it, they suggested safe, easily accessible social media
and web-based toolsto use privately [33]. The Harmonised app
is meant to address this information need identified by
taitamariki Maori. Theintent isto develop aresource that would
supplement, rather than replace, other healthy relationship
learning in schools, whanau, or families or communities. New
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Zealand secondary schools have a range of digital technology
devices [34] and a Ministry of Education—-funded Chrome
Education License [35].

Har monised Healthy Relationship App

The Harmonised healthy relationship smartphone app was
developed consistent with our taitamariki- and Maori-centered
approach. Devel opment wasiterative, involving repeated cycles
of taitamariki input, app development, and testing. Our software
engineer and app developer worked together in applying the
specificationsidentified by taitamariki in focus groups, usability
testing, and by our TAG members (Figure 1). Taitamariki
specified their desire for an interactive, private social network

Koziol-McLain et al

that allowstaitamariki usersto (1) createtheir own relationship
profile and choose their relationship values, (2) learn about
common relationship issues (healthy relationship information
and skill resources), and (3) post issues or comments about their
relationships with others. Taitamariki control whether to make
posts private (sharing only with selected safe people€) or public
(shared anonymously). Responding to the taitamariki desirefor
better support from their friends and whanau, the Harmonised
app supports 2 user types: (1) primary users are taitamariki,
with access to all app functions, and (2) secondary users are
friends, whanau, or family and community who have accessto
healthy relationship information resources only, unless invited
asaprimary user’s safe person to comment on a specific post.

Figure 1. Screenshot from the Apple App Store (version 1.8.3; August 2019).

Need to get something
off your chest?

Check out posts and resources
Create a post and share it
anonymously or with your safe people

Add values that are
important to you

Invite who you feel
comfortable sharing with

Taitamariki (young people) deserve healthy and safe relationships. Relationships can be complicated and
sometimes we don't always know what to do or where to get help. When we ask for help, we are not
always taken seriously. We know what a healthy relationship is, but with all the influences it's hard to ‘live
it' sometimes. We want good information about healthy relationships and how to deal with relationships

that may be unhealthy. We go to our friends and whanau for support, but they don't always know w

A Harmonised moderation protocol guides safe practices for
all posts (posts and comments), minimizing the risk of harm to
primary app users, harmful use of the app, and harm to the
platform. The protocol is aligned with best practice safety and
security measures from Netsafe [36], Technology Safety [37],
and others[21,38]. The moderation protocol includes automated
(inappropriate language block and suicidality or self-harm
automated message), human (daily review by the research team
with the ability to block posted comments or individual users),
community-based (users report inappropriate content), and
reputati on-based moderation. An escalation pathway identifies
procedures, should moderators have a safety concern. The safe
and responsible use of the app is communicated to all users.
The protocol is aligned to the New Zealand Harmful Digital
Communications Act 2015.

https://www.researchprotocol s.org/2021/12/e24792
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Healthy relationship resources are collated by a Harmonised
resource working group to provide taitamariki with the
information they have requested. The topics covered include,
for example, communication, consent, dealing with anger, and
how to talk with your parents or children about healthy
relationships and sexuality. The working group followed a
protocol for resource selection, modification, and permission
for use. Resourcesincludelinksto videos, quizzes, brief articles,
and stories from a range of open-access sources. Where to get
help isarecommended resource for al users. New Zealand and
Maori resources were prioritized.

Following a beta test version available in June 2017, version
updates continued with bug fixes and enhancements. In some
cases, changes were made in response to requests by school
staff (eg, ability for persons to accept or not accept a safe
person’sinvitation). As a prevention intervention, thereis also
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attention to promoting the app for all taitamariki, regardless of
relationship status. For example, presenting the interactive
selection of relationship values as a requirement before
advancing to the app feed allows all taitamariki to participate
in the healthy relationship values exercise. We also use
gender-diverse language, sensitive to the minority (estimated
at 3.8%) of Aotearoa young people attracted to others of the
same sex or both sexes [21,39,40].

The hybrid app in English and Te Reo Maori (translation by a
certified Maori language interpreter) is available across the
digital ecosystem, including mobile devices (smartphones and
tablets), laptops, and desktop computers. The app was first
published in June 2018 in the Apple App Store, Google Play
Store, and web browser by the Auckland University of
Technology Enterprises Ltd. To increase privacy, the app is
personal identification number code—protected to keep
information safe once a user moves away from the screen. To
reduce the risk of harm from nontaitamariki inappropriately
posting (eg, trolling), the posting function islimited to students
enrolled at participating schools and validated during app
registration against email lists provided by the schools.

Koziol-McLain et al

Methods

Trial Purpose and Hypotheses

We are investigating the adoption and implementation of the
interactive, personalized healthy relationship Harmonised app
in 8 pilot secondary schools in New Zealand using the
well-established RE-AIM evaluation framework [16,17]. Mixed
method data sources include a quantitative web-based
taitamariki survey, focus groups with taitamariki and school
stakeholders (persons identified by schools who are involved
in their response to taitamariki health and well-being), app use
data, school engagement notes, and itemized costs (Table 1).
In this paper, we present the trial protocol for testing the
effectiveness of the Harmonised app using a quantitative
web-based taitamariki survey.

We hypothesize (primary analysis) that implementation of the
app (compared with before implementation) will (1) increase
taitamariki relationship self-efficacy (RSE; primary outcome)
and (2) increase taitamariki well-being, general health,
cybersafety management, and connectedness (secondary
outcomes). We will also conduct (3) primary analyses limited
to Maori participants (subgroup analyses). Other measures
include school and student characteristics and taitamariki
help-seeking and barriers to getting help.

Table 1. Harmonised evaluation data sources guided by the Reach, Effectiveness, Adoption, Implementation, and Maintenance framework.

Implementation Quantitative data sources

Quialitative data sources

Engage with schoolsto adopt the Harmonised  »
app

The app isimplemented in schools .

The app reaches the target popul ation .

Theappiseffectiveat improving relationship
and well-being outcomes

Maintenance of the Harmonised app beyond
the implementation period

Number of schools agreeing to participate, num-
ber of schools invited, and proportion of invited
schools agreeing to participate

Number of schoolsimplementing in accordance
with random assignment
Costs of implementation (time and money)

Number and proportion of studentsin participat-
ing schools and othersthat download and use the
app:

App download data (Firebase reports)
App useassessed in taitamariki survey postimple-
mentation

Primary and secondary outcomes assessed in web-
based survey completed by taitamariki at 5 school
terms over 18 months

App use data posttria (Firebase)

Driversof and barriersto school participation:

«  School engagement log

«  School engagement notes

«  Preimplementation school information
forms

«  Preimplementation focus groups

Understanding implementation:

«  School implementation plans

«  Implementation run sheets

«  Postimplementation stakeholder focus
groups

«  Postimplementation taitamariki focus
groups

Drivers of and barriers to app access and use:

«  Open-ended query in survey reason for
not downloading

«  Postimplementation focus groups with
taitamariki

«  Postimplementation focus groups with
stakeholders

o Whanau interviews

Impacts of the app:

»  Postimplementation focus groups with
taitamariki

Understanding long-term impacts and app re-
tention:

«  Postimplementation hui (meeting)
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Trial Design

A pragmatic, stepped wedge, cluster randomized
(one-directional crossover) trial in 8 pilot secondary schools
teststhe effectiveness of the Harmonised app. Secondary schools
in New Zealand include years 9 through 13 (5 years of high
school, generally young people aged 13 to 17 years). In the
stepped wedge design, the app isimplemented in all 8 schools
in one of 2 school terms, with the order of implementation

Table 2. Stepped wedge implementation design plan.

Koziol-McLain et al

determined at random [41-44]. There are 5 assessments
(web-based surveys) per school and 2 time steps over a
15-month trial period (Table 2). Our protocol description follows
the CONSORT (Consolidated Standards of Reporting Trials)
stepped wedge, cluster randomized trial extension [44]. The
study was registered with the Australian New Zealand Clinical
Trials Registry (ACTRN12619001262190) on September 12,
2019.

School ID Number Year and school term

Year 1 Year 2, T12
T12 T2 T3 T4

8 ccP cc TF° 1cd IC

7 cc cc TP IC IC

6 cc cc TP IC IC

5 cc cc TP IC IC

4 cc TP IC IC IC

3 cc TP IC IC IC

2 cc TP IC IC IC

1 cc TP IC IC IC

T1 to T4 are the terms for the implementation of the design plan.
bCc: control condition.

°TP: transition period.

diC: intervention condition.

Eligibility for Clusters: School Selection

Overview

The New Zealand Ministry of Education website provides school
characteristics, including type of school, gender, ethnicity
proportion, and other characteristics[45]. The 366 state schools
in New Zealand include a mix of coeducational and boys- or
girls-only schools across years 9 to 13. Although there are
National Certificate of Educational Achievement unit standards
for healthy relationships, their integration into secondary school
curricula varies. Our inclusion criteria includes secondary or
composite schoolsthat had aschool roll >175 (based on average
classsizesfor each year) and 216% Maori (proportion of Maori
in the population; StatsNZ). This left 194 eligible schools. In
thistaitamariki- and Maori-centered study, we added 6 schools
tothedligibility list that had a high proportion of Maori students
and had participated in earlier kaupapa Maori research in the
Ngapuhi tribal boundaries within the Northland region of New
Zedland [33].

School Recruitment

From the list of eligible schools, we will purposefully invite
schools until we achieve our desired sample of 8 schools. We
aimto balance girls-only, boys-only, and coeducational schools.
We aso aim for a balance of schools that have and have not
participated in specialized healthy relationship curricula such
as Mates and Dates (A ccident Compensation Corporation) that

https://www.researchprotocols.org/2021/12/e24792

are being piloted [46,47]. Finadly, we will consider the
geographic diversity and travel feasibility.

I mplementation Conditions

The intervention consists of the implementation of the
Harmonised app in each participating secondary school. An app
implementation plan isbeing developed jointly with each school
following a stakeholder focus group. A one-off single-period
(40-50 minutes) implementation delivery occurs within
individual classrooms or during school assembly. Participating
schools may elect for app implementation sessions to be
school-led or researcher-led. A hard-copy training resource
designed specifically for the study supportsimplementation and
includes instructions regarding app navigation and function.
Researcher-led training includes demonstrations of app
functions. Students are led through the process of registration,
creation of user profiles, and creation of posts. Strategies to
support app adoption include the use of posters and school
newsletters. The intended frequency and duration of use of the
app beyond theinitial guided implementationisat the students
discretion. Thetailored nature of the implementation limitsthe
evaluation of fidelity.

Comparison Condition

The comparison period includes school terms before app
implementation from the clustered one-directional crossover
design. In the preimplementation comparison period, researchers
engage with an identified school liaison, convene a
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preimplementation focus group, and confirm the school’s
pathway for referral of students needing health and well-being
services, including socia workers, counselors, and health
providers. No control period activitiesthat affect school students
will be undertaken.

Survey

Eligibility for Survey Participants: Student Selection
Within Schools

Student eligibility criteriaincludes being enrolled in one of the
pilot schools as a year 9-13 student and able to consent and
complete aweb-based survey. For schools with aroll <100, all
students of years 9-13 are eligible to participate. For schools
with alarger roll, al studentsin 1 class in a given subject for
each year (9-13) are selected. Class selection is negotiated with
theschool liaison and prioritizestheinclusion of Maori students.
A new class of year 9 (aged 13 years) is selected in each school
inyear 2, term 1 of the study.

Student Recruitment and Retention for the School Survey

Wewill attend selected classrooms during classtime and invite
eligible students to participate in the research by completing 5
web-based surveys over 5 school terms. Students are asked to
sharetheir understanding of what isbeing asked of them. During
data collection sessions, there are discreet options available for
students choosing not to participate. Consenting students
complete the baseline survey on school digital devices during
class time, with researchers available to respond should
taitamariki have any questions as they complete the survey.
Sandwiches are provided to all studentsat the end of classtime.
Students can exit the survey and completeit later. Theremaining
4 surveys are completed independently by studentsin response
to email and text nudges. Nudges are sent during week 5 of the
subsequent 4 terms. Students are free to withdraw at any time
by emailing the project. Survey data are exported into a secure
server at the Auckland University of Technology.

Survey Development and Pilot-Testing

In preparation for the trial, the survey was pilot-tested in 2
schools (based on convenience) with approximately 60 students.

https://www.researchprotocols.org/2021/12/e24792
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This provided information on the time to complete the survey
and identified the technical issues. Focus groups with students
who completed the survey will be conducted to assess
acceptability, comprehension, and appropriateness. Survey
refinements will be made as indicated. Demographic
characteristics include age, year in school, gender, ethnicity,
internet exposure, and mobile phone access.

Outcomes

Students will complete web-based surveys at baseline (school
term 1, year 1), 12 weeks (term 2, year 1), 24 weeks (term 3,
year 1), 36 weeks (term 4, year 1), and 47 weeks (term 1, year
2). In selecting outcomes, the team considered the following:
(1) positive, strengths-based measures (rather than
deficit-based); (2) instruments developed with young people
(rather than adult measures modified for young people); (3)
instruments developed with indigenous young people; and (4)
instruments devel oped with taitamariki Maori. At the time of
study planning, there were no validated strengths-based
measures devel oped with taitamariki Maori. The overwhelming
majority of instruments used with young people measured dating
or adolescent violence and had been modified from adult
instruments.

Table 3 presentsthefinal selection of the primary and secondary
outcomes. All primary and secondary outcomes are assessed in
each of the 5 surveys. Our primary outcome of interest is
taitamariki RSE and includes 2 measures. confidence to talk
about or seek help for themselves (RSE-self) and confidence to
help others (RSE-others). The self-efficacy items are modeled
on the Self-efficacy to Deal with Violence Scale [48,49]. In
total, 2 items address RSE-self (How confident are you that you
could check if parts of your relationship are ok, if you are not
sure and How confident are you that you could seek help when
your boyfriend or girlfriend has done something that’s not ok),
and 2 items address RSE-others (How confident are you that
you could help or support a friend or whanau member if they
were not sure about parts of their relationships and How
confident are you that you could help or support a friend or
whanau member whose boyfriend or girlfriend has done
something that’s not ok).
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Table 3. Harmonised outcome measures.
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QOutcomes Sources and modifications

Scalesand subscales (number  Response options Possible
of items) score
(range)

Primary outcomes

RSE2 Itemsmodelled on Self-efficacy to Deal with Violence «  RSE-self (2) e O=notatal confident « 0-6

Scale[48,49] « RSE-others(2) o 3=very confident « 06
Secondary outcomes

waP World Health Organization-Five Well-Being Index « WB(5 e O=atnotimeto5=al « 0-25
[50] usedin children[51,52] and in New Zealand youth thetime
[53,54]. Modified “I have felt active and vigorous® to
“1 have felt active and full of energy”

Genera hedth  Single5-point Likert scaleto raterespondent’'sgeneral «  General health (1) e O=poorto4=excelent « 0-4
health

Connectedness  Retained 2 subscales from Hemingway Measure of «  Connectedness-familyor «  O=not at al true « 020
Adolescent Connectedness[55] with language region- whanau (5) o 4=very true . 0-20
aized and negatively worded items not scored «  Connectedness-friends

©)

Cybersafety 15-item questionnaire began with ascenario modified «  Cybersafety—being safe «  O=definitely not « 021

from the Coping with Cyberbullying Questionnaire ) e 3=definitely yes . 024

[56]; items are from original research with young
Maori women [57]

«  Cybersafety—taking ac-
tion (8)

8RSE: relationship self-efficacy.
BWB: well-bei ng.

The Cyber-Safety questionnaire was developed from original
research on young Maori women [57]. The 15-item
guestionnaire begins with ascenario modified from the Coping
with Cyberbullying Questionnaire [56], as follows:

Imaginethat for a few weeks, you have been receiving
nasty and threatening text messages. Aside fromthat,
you found out that embarrassing pictures of you are
being spread around.

Taitamariki then respond how likely they would be to use each
of the 15 strategies to keep yourself safe on the internet (eg, |
would talk to my friends about it, | pay attention to who has
access to my data). Other secondary outcomes include
well-being, general health, and connectedness (Table 3).

The baseline data (preimplementation of the intervention
acquired in al schools before the transition period) will be
extensively analyzed, leading to a full analytical design. In
particular, exploratory factor analysis of the outcomeswill lead
to the creation or confirmation of subscores, making RSE,
connectedness, and cybersafety bivariate outcomes.

Randomization

Schools are stratified by size (small or large). Large schoolsare
further stratified by ongoing standardized delivery of ahealthy
relationship program (HRP). Within each stratum, the school
labels are randomly ordered using a computer-generated
sequence of pseudovariates. They are then assigned in this
random order to the first sequence period (year 1, term 2: 2
small schools, 1 large school with HRP, and 1 large school with
no HRP), and then the second sequence period (year 1, term 3:
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1 small schooal, 2 large schools with HRP, and 1 large school
with no HRP).

Analysis

The data will be kept stratified within the clusters by gender,
Maori versus non-Maori ethnicity (hereafter identified as
ethnicity), and year-group. The year-group (years 9-13) is
defined as usual for the first 4 periods and crosses over to the
next nominal year-group in the fifth period, so that each
year-group defines a subcohort followed over time. The year 9
group from period 5 isidentified as a separate year-group. The
analysis setsconsist of intention-to-treat, as-treated, and adopter
(studentsreporting app use) sets. All primary analyseswill take
place in the intention-to-treat set. Genera effectiveness
hypotheseswill be tested using alinear mixed model with nested
participant, year-group, and school random effects. All models
will initially be fitted with the function Ime from the R package
nime [58]. If the results fail to converge or otherwise display
poor numerical behavior, PROC MIXED from SAS/STAT
version 9.4 (SAS Institute Inc) will be used instead.

To ensure the overlap of the intervention and control in the
design, datawill be collected during the transition periods and
included in the analysis, assuming an intervention effect half
the size of that in the posttransition periods. This approach is
nonstandard but necessary in thisinstance and broadly plausible
under the conditions of implementation and the nature of the
intervention.

Maori subgroup analyses are planned. They will consist of al
primary analyses limited to Maori participants. Subgroup
analyses will take place in the intention-to-treat and as-treated
sets. It will extend to all outcomes covered by primary analyses.
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A blind review of the data will take place (before alocation
unblinding) to determine whether any transformation is
necessary, to settle on the final models, and to determine
whether any missing covariate or outcome datarequire multiple
imputation, and generally to finalize the statistical analysis plan.
All tests will be performed at a 5% significance level against
2-sided alternatives. There are no circumstances in which
unblinding is permissible.

Sample Size

Recruitment of 8 schools and data collection over 5 terms is
judged feasible, with app implementation (the intervention)
scheduled at 2 time points (terms 2 and 3, respectively, in the
first year). We assumed roughly equal numbers of participants
from each school. We use the method of Hussey and Hughes
[59] to compute the power for different effect sizes under a
model including the primary outcome (RSE), school-related
random effect, and fixed effect associated with the term. The
sample size computation was programmed in R version 3.x (R
Foundation for Statistical Computing) by the study statistician
in accordance with the analysis plan, including the specification
that the intervention effect is assumed to be halved during the
transition period. Other covariates may beincluded in the model,
as decided during the blind review of the data.

Assuming an attrition of 35% (conservatively applied to all
assessment time points postbaseline) and using a school -specific
intraclass correlation of 0.07, evidenced in a bullying study in
New Zealand schools [60], we estimate that recruiting 600
students is sufficient for detecting an effect size of 0.25 with
83% power and an effect size of 0.30 with 94% power. These
correspond respectively and approximately to achange of 0.75
and 0.9 in the mean score of either component of the RSE score,
based on the baseline data.

Ethicsand Safety

Thetrial protocol was approved by the Auckland University of
Technology Ethics Committee (application number: 17/71),
approved on May 3, 2017. All schools have a pathway for
students needing health and well-being services, including socia
workers, counselors, and health providers. Consent to participate
is provided by each school’s principal and Board of Trustees.
Schools follow their processes for sharing information about
the study with parents and gaining parental consent (information
and consent forms provided by researchers). Students choosing
to participate in the survey provide consent in the introduction
to the web-based survey that details confidentiality. Students
were identified using a randomized code number. All
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communication and visits with schools are documented by the
research staff and reviewed by senior investigators as contextual
dataand to audit trial conduct. Our Harmonised ethical research
practice and data sharing protocol provides a process for
accessing Harmonised data aligned with our Maori-centered
approach, available on request. Guided by our tikanga, we will
prioritize taitamariki, schools, and whanau to disseminate our
findings.

Results

The study wasfunded by the New Zealand Ministry of Business,
Innovation, and Employment in October 2015 and approved by
the Auckland University of Technology Ethics Committee on
May 3, 2017 (application number: 17/71). A total of 8 schools
were recruited, and data were collected over 5 school terms.

Discussion

Principal Findings

The Harmonised trial will generate robust evidence to evaluate
the impact of introducing a healthy relationship app into
secondary schools. Importantly, this strengths-based taitamariki-
and Maori-centered research counters the dominant
adult-focused and deficit-based intimate partner violence
literature. Working with taitamariki and community advisors,
we have created the Harmoni sed brand focusing on what young
people have told us about healthy partner relationships. The
Harmonised app provides a safe digital network with resources
for taitamariki to consider the valuesthat are important to them
for a healthy intimate partner relationship.

Conclusions

This pragmatic trial offers an opportunity and challenge to
understand whether a healthy relationship digital resource can
be embedded in the secondary school environment and whether
theresource benefitstaitamariki, particularly Maori. Secondary
schools are busy places that are typically underresourced to
meet all the complex needs to support students and familiesto
flourish. Our Harmonised study guided by explicit tikanga and
using mixed methods guided by the RE-AIM framework will
make an important contribution to understanding drivers of and
barriers to conducting research in this unique setting. Our trial
measures will identify whether the introduction of the app
improves taitamariki partner RSE, well-being, general health,
cybersafety management, and connectedness.
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Abstract

Background: The trend of flexitarian eating patterns is on the rise, with young adults among the biggest adopters claiming
health and environmental reasons to reduce red meat intake. Nutrient-dense meat and animal products are often the lynchpin of
these diets, even when consumed only occasionally and in moderate amounts. Red meat provides forms and concentrations of
essential proteins, lipids, and micronutrients that are scarce in exclusively vegetarian regimens.

Objective: The aim of this study is to consider the effects of moderate consumption of lean red meat as part of an otherwise
vegetarian balanced diet and its impact on biomarkers of sustained health and well-being.

Methods: A cohort of healthy, young (20-34 years old, n=80) male and female participants will take part in a 2-arm, parallel
randomized controlled trial (RCT) for aduration of 12 weeks, with a 3-month posttrial follow-up. The trial will commence with
a 2-week assessment period followed by allocation to the intervention arms. The intervention will include the consumption of
red meat or meat alternatives 3 times per week for 10 weeks. Blood samples of the participants will be collected to measure
changesin erythrocyte fatty acid distribution, circulating amino acids, neurotransmitters, markers of minera status, and inflammatory
markers. Questionnaires to assess well-being and mental health will be undertaken every 2 weeks. Body composition, physical
function, and blood parameters will be assessed at allocation (t,), week 5 into the intervention (ts), and post intervention (t;).

Results: The protocol has been developed using the SPIRIT (Standard Protocol 1tems: Recommendations for Interventional
Trials) checklist and the outcomes will be reported in accordance with the CONSORT (Consolidated Standards of Reporting
Trials) guidelines. The trial was approved by the New Zealand Ministry of Health's Health and Disability Ethics Committees
(protocol 20/STH/157). The results of this study will be communicated via publication.

Conclusions: To our knowledge, thisisthefirst RCT investigating the overarching health consequences of consuming pasture-fed
red meat or no meat as part of a healthy diet.

Trial Registration: Clinical Trials.gov NCT04869163; https://clinicaltrials.gov/ct2/show/NCT04869163
International Registered Report Identifier (IRRID): PRR1-10.2196/30909

(IMIR Res Protoc 2021;10(12):€30909) doi:10.2196/30909
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Introduction

Although not always labeled so, “flexitarianism” is the default
lifestyle for much of the world, whereby plant-derived foods
provide the bulk of a person’s calories [1,2]. Nutrient-dense
meat and animal products can be an important pillar of these
diets, even when consumed only occasionally and in moderate
amounts [1]. They provide high-quality protein, essential fatty
acids, and micronutrients that are limited in concentration or
bioavailability in exclusively plant-based diets, notably including
vitamin By,, iron, zinc, and long-chain omega-3 fatty acids
(LCn3) [3]. However, production of meat is resource-intensive
and widely censured for its environmental impacts [4]. As a
consequence, the trend of meat-rich dietary patternsin Western
consumers may not be sustainable.

The role of meat in the diet is under debate, not only from
sustainability and ethical considerations, but also from ahealth
perspective based on evidence that habitual consumption
increases the risk of some metabolic diseases and cancers [5].
However, much of that research has been retrospective and
reliant on food recall, which isknown to yield equivocal results
and oversimplified recommendations (eg, not distinguishing
between intact red meats and processed, cured, or preserved
meats) [6]. Randomized trials have more control over diet
composition but have tended to feed relatively high levels of
meat [5,7] that exceed those recommended by the World Cancer
Research Fund guidelines [8]. These trias, which do not
consider the potential of moderation, are yielding increasingly
contradictory outcomes.

Individuals might choose to avoid or limit meat intake entirely
for reasons of persona preference, ethical stance, culture,
religion, or health [9]. Vegetarianism has been reported to reduce
mortality on account of diverse protective effects[10]. However,
research resultsareinconsistent, the underlying reason for which
is yet undefined and the observed health benefits may be
confounded by “lifestyle” factors associated with socioeconomic
status, such as adequate levels of physical activity [5,11-13].
The association between meat eating and disease tends to be
higher in North American [14] than in Asian cohort studies[15],
indicating the presence of lifestyle bias, ameat dose effect, and
nutritional differencesin the meat produced in certain regions
[2,16].

Diet is more than just adequate nourishment. Eating well can
be a pleasure and a challenge that affects many aspects of
well-being and quality of life. A Scandinavian study that
compared teenage omnivores versuslow-meat consumersfound
that symptoms of depression and anxiety were considerably
worse among the latter [17]. This may have been related to the
absence of meat or because the adolescents adhering to the
low-meat diets did not also follow other typical lifestyle health
choices. A broader review of the psychological health of
omnivores and meat-abstainers aso found that those who
avoided meat consumption had significantly higher ratesor risk
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of depression, anxiety, or self-harm behaviors [18]. The
components of red meat that may be beneficial for mental health
include fatty acids, phospholipids, cholesterol, niacin, vitamin
B, and vitamin B,, while saturated fat is considered detrimental
to cognitive function [19]. In particular, the essential LCn3 are
valued for their roles including lipid-lowering properties,
mitigation of platelet aggregation and inflammation, and
improvements in cognition and mood [20]. In the context of
Western diets where seafood is a minor constituent, the
contribution of red meat to total L Cn3 intake can be substantial
[21].

Evidence suggests that young adults are the largest age group
who adopted a flexitarian diet [2,16]. Despite the long-lasting
impacts of diet during young adulthood, this is an age group
not frequently researched in the meat and nonmeat consumption
literature, particularly those focusing on their subjective
experience to the diet [2]. To our knowledge, no randomized
controlled trial (RCT) hasinvestigated aspects of physiological
and psychological well-being concurrently, nor in young adults.

The objective of thistrial isto compare the physiological and
psychological effects of consuming moderate amounts of
pasture-raised lean red meat or vegetarian analogues in the
context of a balanced diet for 10 weeks. We will measure
changes in markers of nutritional status and indices of
longer-term health and mental well-being, with the hypothesis
that lean red meat will confer benefits related to the presence,
concentration, and bioavailability of nutrients which are
typically not matched in vegetarian analogues [7,19,22]. The
study is part of alarger program to understand the human and
environmental implications of consuming pasture-raised (ie,
grass-fed) beef and lamb.

Methods

Study Design and Setting

Thestudy isaparallel RCT comprising a2-week preintervention
assessment, a 10-week intervention period, and a 22-week
posttrial follow-up. Participants will al be maintained on a
balanced vegetarian basal diet and be randomized to aso
consume either red meat (“ Flexitarian” arm) or ameat substitute
(“Vegetarian” arm). The meat will be pasture-raised beef and
lamb butchered and packaged in accordance with our
specifications in New Zealand, while the meat substitute will
be commercially available plant-based products (Multimedia
Appendix 1). The SPIRIT guidelines were followed when
designing the research [23].

Recognizing that there are many interpretations of the terms,
“vegetarian” and “flexitarian,” in this study we define vegetarian
as ovo-lacto vegetarian and flexitarian as “ avegetarian diet with
moderate amounts of red meat.” Both arms can consume eggs
and dairy products, but not chicken, pork or fish, and no red
meat other than that supplied by the researchers.
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The study is designed around pairs of young adult consumers
who share meals and are therefore likely to engage over the
values and challenges of developing a healthy lifestyle.
Couples/household units (see Recruitment) will be randomized
to the same intervention arm. Depending on their allocation,
the couple will receive regular allotments of either frozen red
meat or meat-analogue, which will be sufficient to provide 3
meals (approximately 350-500 g of cooked meat or vegetarian
alternative per person per week) [8,24,25]. We will evaluate
changesin objective and self-assessed subjective health variables
between the 2 intervention arms. These include physical
function, body composition, metabolic health biomarkers, and
psychological well-being.

Recruitment

We will recruit pairs of individuals (spouses, partners, or
companions) who cohabitate and typically share evening meals.
Participants will be GenZ (18-23 years old) and millennial
(23-34 yearsold) individuas. This population demographic has
the greatest variation in meat intake [8]. Recruitment will be
advertised with posters placed around the University of
Auckland and using socia mediawebsites and tools.

Potential participantswill meet with researchersresponsiblefor
recruitment in person, where eligibility will be confirmed, and
details of the study will be discussed with opportunity for
guestions to be clarified. At this in-person screening visit,
participantswill provide writteninformed consent (Multimedia
Appendix 2).

Eligibility Criteria

All participants are required to be considered omnivores if, in
the last 2 months, they consumed at least 2-3 meals per week
which included meat of any description (red or white fleshed

meat, including fish). They must be willing to consume both
red meat and meat analoguesfor the purposes of thetrial. Those

with chronic health conditions, obesity (BMI=30 kg/m?),
hyperlipidemia, disordered eating patterns, history of anosmia
and ageusia (issues with smell and taste), use of medications
(except for occasional nonsteroidal anti-inflammatory drugs
and antihistamines), or recreationa drugs, or those who smoke
tobacco will be excluded from participating. Potential
participantswho use dietary supplementswere asked to abstain
for the month prior to the beginning of the study. Participants
must own amobile phone with a cameraand be proficient with
using Facebook and Facebook messenger. Women must confirm
they are neither pregnant nor intending to become pregnant
during the trial.

Participants will complete a web-based eligibility screening,
which includes the Three-Factor Eating Questionnaire
(TFEQ-R18), a Self-Efficacy questionnaire, a Food Frequency
guestionnaire, and a health survey. Participants with a TFEQ
score greater than 75% will be excluded on the basis that their
perception of food is potentialy influenced by underlying
psychological issuesor that they demonstrate disordered eating
patterns. Given the routine monitoring of food intake and
subjective experience to food required in this research, this
cut-off was deemed clinically relevant for the purpose of this
study by the research team, including psychologists and
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registered dietitians[26]. Participants must own amabile phone
with acamera. Women must confirm they are not pregnant, nor
intending to become pregnant during the trial.

Participants will be monitored for their adherence to the study
guidelines through the dietary recording smartphone app Easy
Diet Diary and were prompted for adherence viaemails, socia
media, and SMS text messages. They will have the right to
withdraw from the study at any time without any explanation.
Theprincipal investigator (PI) will havetheright to discontinue
participants’ involvement if they become ineligible or when
any significant protocol deviations occur in the study. The data
of participants who withdraw will be retained and might be used
in exploratory analyses, unless the participant requests data to
be del eted.

Sample Size Calculation

The primary biomarker for calculating the sample size is the
concentrations of LCn3in erythrocyte membranes, and asample
size of 63 will provide sufficient power to detect changes in
fatty acids, which might be due to the intervention. Published
data indicate a change of 3.01 ug/mL (SD 1.1 pg/mL) in
erythrocyte fatty acid composition (20:5) following a 2-week
dietary intervention and crossover meat trial among young adults
[27-29]. The Cohen effect size of 0.2 (small) of the variability
in erythrocyte fatty acids was used to consider the smallest
worthwhile effect. To alow for dropouts, a total of 80
participants will be recruited.

Randomization and Blinding

The 80 participants (self-organized as 40 couples/household
units) will be randomized evenly to the vegetarian or flexitarian
arm, with a random allocation sequence (1:1 ratio) generated
using Random.org. Researchers responsible for participant
recruitment will be blinded to allocation until participants begin
their 2-week lead-in period. Owing to the nature/form of the
food provided, participants will not be blinded to their
intervention; nonetheless, they will not be aware of this until
the intervention begins.

Couples will be further organized into “teams” which are
groupings of 5 couples who consume the same diet. There will
be 4 such teams per intervention arm. A team serves as another
layer of structure and mutual support during the intervention
period. Team members will engage virtually through social
media, which was explained to participants during recruitment.

Ethics and Dissemination

The designed intervention has been assessed by a nutrition
expert panel. The trial was approved by the New Zealand
Ministry of Health's Health and Disability Ethics Committees
(protocol 20/STH/157). The investigators will ensure that this
study is conducted in accordance with the principles of the
Declaration of Helsinki, with relevant institutional regulations.
Resultsarising from this study will be submitted for publication
in scientific journalsand presented at meetings. Authorship will
be determined in accordance with the guidelines of the
International Committee of Medical Journal Editors.
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Study Overview

Each participant will be coupled with another participant within
ateam in each arm (Figure 1). The trial commences with a
2-week preintervention period when participants consumetheir

Figure 1. Participation grouping within the 2 intervention arms.

Arm =2 x 40

At intervals during the trial, participants will take part in
assessments of nutritional status and mental well-being in
accordance with the schedule shown in Table 1. A follow-up
evauation (ontheinternet or in person) at week 22 will conclude
the study.

Participants will visit the University of Auckland Clinical
Research Centre and a blood testing facility in Auckland on
three occasions: at baseline (ty), midway through intervention
at week 5 (t5), and at the end of intervention at week 10 (t;).
A blood sample will be collected from an antecubital vein by
atrained phlebotomist following an overnight fast. Body weight,
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usua diet. Following allocation, couples will begin to receive
allotments of either meat or the meat alternative (3 meals per
week) and weekly vegetarian meal kits plus (additional 3 meals
per week). The dietary intervention continues for 10 weeks.

Team =
4x10

\’-
)

Couple =
5x2

blood pressure, grip strength, and body composition will be
measured as described below. Participantswill wear awristband
accelerometer for the duration of the study to estimate their
level of physical activity and sleep patterns. All participants
will complete the suite of mental health questionnaires on up
to 7 occasions either on the internet or in person, which takes
approximately 15 minutes. Fromt, to t,, participantswill record
their dietary intake using Easy Diet Diary. Two members of the
research team will be responsible for participant recruitment,
clinic visit assessments, and nutrition education delivery via
the web-based platform. Participantswill also bein contact with
technical staff at the blood testing facility.
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Table 1. Schedule of enrolment, interventions, and assessments.

Braakhuis et al

Study period
Enrollment

Timepoint (week)

Preintervention Intervention Close-out

-t th s 5 tz5 tig t»

Enrollment
Eligibility screening
Informed consent X
Allocation

Interventions
Vegetarian®

Flexitarian with pasture-raised beef and lamb?
Assessments

Easy Diet Diary monitoringb

Activity/sleep monitor?

MFSI-SFYWHO-5% PESYDASS-21" questionnaires

University of Otago Food Frequency Questionnaire

Body composition (dual x-ray absorptiometry)

Grip strength/blood pressure/weight

Erythrocyte/plasma fatty acids

Inflammatory markers

Mineras (Feand Zn)

Vitamins (A, D, E, and K)

Insulin/glucose/high-density lipoprotein choles-
terol/low-density lipoprotein cholesterol

Amino acids and 1-carbon nutrients/metabolites
Neurotransmitters
Self-efficacy questionnaire X

End of intervention survey

X X X X
xX X
xX X

X X X X

x

X X X X X X X X X X X
xX X X X

X X X X X X X
X X X X X X

8Continuous monitoring from to,

bContinuous monitori ng from —t,.

°MFSI-SF: Multidimensional Fatigue Symptom I nventory-Short Form.
YWHO-5: World Hedlth Organization—Five Well-Being Index.

®PES: Positive Eating Scale.

‘pAsS-21: Depression Anxiety Stress Scales-Short Form.

Dietary Intervention

Household units will receive regular deliveries of either red
meat or vegetarian analogues sufficient for 3 evening meals per
week. The quantity of meat will provide 350-500 g cooked
weight per person per week, which conforms to the latest
international recommendationsfor maximum intake[8] and the
reported typical frequencies of red meat consumption [24,25].
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RenderX

The meat alternatives are commercialy available soy
protein—based products which been selected on the basis of
similar quantities (350 g cooked weight), form (“beef” mince
and patties which can be interchanged in recipes between red
meat and vegetarian groups), macronutrient composition with
a focus on total protein and fat, as well as taking product
availability in the local food supply into account (Table 2).
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Table 2. Comparison of red meat and vegetarian analogue nutritional profiles.

Nutrients, per 100 g Beef? Lamb? Vegetarian mince® Vegetarian patties®
Energy (kJ) 615 551 974 950

Protein (g) 20.9 20.9 180 14

Fat (g) 7 53 12,0 14.2

Saturated fat (g) 25 2 82 86

Carbohydrates (g) 0 0 11.0 8.9

Sugar () 0 0 3.6 20

Sodium (mg) 47 75 368 311

8Beef, hindquarter sirloin, separable, lean, and raw.
bLamb, hindquarter double loin, separable lean, and raw.
CProvided on the nutrition information panel.

Participant’s background diet can affect the physiological and
psychologica outcomes of interest. Efforts have been made to
align participants' diets with healthy eating guidelines and to
increase consistency between intervention arms, while still
providing a realistic examination of the effects of consuming
moderate amounts of red meat compared rather than its
vegetarian analogue. To achieve this, household units will
receive a weekly vegetarian meal kit delivery (Woop Ltd)
containing complete ingredients and recipe cards for cooking
3 evening meals, which will be matched across al participants.
Beyond the protein and meal kit provided, participants do have
a degree of choice within their diet but are provided with a
cookbook and web-based nutrition support package to facilitate
healthy meal choicesand preparation (see Nutrition Education).
Collectively, the objective is to ensure that participants are
meeting local recommendationsfor servings of corefood groups
consumed each day (fruits/vegetables, wholegrains,
protein/alternatives, and dairy/alternatives), and minimizing the
intake of discretionary foods (eg, takeaways and fizzy drinks)
[30].

A secondary outcome of this study is the subjective ease,
compliance, and satisfaction of following a prescribed healthy
eating pattern with or without red meat. This aligns with the
trial objective of understanding the psychologica response to
following a diet with moderate amounts of red meat or
vegetarian analogues.

Nutrition Education

We have designed a web-based nutrition education package
specifically for young adults, following aliterature review and
focus group needs assessments. The nutrition package was
developed and reviewed by expert registered dietitians in the
team, who are appropriately placed to ensure the accuracy and
quality of information provided. The Nine Principlesframework,
incorporating behavioral theory and user-centered design, was
used to guide its development [31]. The aim of the package is
to (1) support young adults' adoption and maintenance of
healthy dietary behaviors, such as those outlined in the Eating
and Activity Guidelines for New Zealand Adults [30], and (2)
support adherence to respective dietary arms. Each team will
have a private Facebook page and messenger chat which will
be utilized to deliver evidence-based nutritional information
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and meal ideas. Behavior change techniques used in this study
include goal -setting, behavior demonstration, and setting graded
tasks. The nutrition package content and delivery will be
standardized across arms to encourage consistency in the
adoption of healthy dietary behaviors. Participants will only be
prompted to engage with nutrition education by way of
notifications through Facebook and Facebook messenger as
posts are made in accordance with a predetermined schedule.
eHealth use will be monitored in accordance with participant’s
having viewed messages in the Facebook messenger chat, and
engagement will be monitored in accordance with their “likes’
and comments on Facebook messages and posts.

Dietary Intervention Compliance

Participantswill be emailed alink to register for Easy Diet Diary
(Xyris Software Pty Ltd) at —t,. This app enables researchers
to see dl data entered in real time, allowing compliance to be
routinely monitored during the intervention. Instructional
support on using the app will be provided at —t, and t,. From
to, participantsarerequired to record all dietary intake manually
through text insertion into the app 2 days aweek (Sunday and
Monday). For the remaining 5 days of the week (Tuesday to
Saturday), participants are required to enter intake through a
choice of photographs or manual text insertion to monitor
participant compliance with consuming all red meat or meat
anal ogues provided each week. Participantswill receive regular
text reminders to complete their diaries. Compliance to dietary
recording and the dietary intervention will be monitored twice
aweek (every 3-4 days). Adequate dietary recording is defined
asentering at least 1 full day (ie, 3 meal occasions) per 3-4—day
period. If participants are noncompliant with recording or the
dietary intervention within a 3-4—day period, they will be sent
areminder through SM Stext message. If they are noncompliant
for 3 consecutive periods, the pair will be contacted and will
discontinued from the study if adherence is not improved.

Outcomes

Primary Outcome Variable

« Change in concentrations of polyunsaturated fatty acids
(18:2 n-6, 18:3 n-3, 20:4 n-6, 20:5 n-3, 22:5 n-3, and 22:6
n-3) in erythrocyte membranes post the intervention.
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Secondary Outcome Variables

« Change in plasma markers of cardiovascular disease risk
(total cholesteral, low-density lipoprotein [LDL] cholesteral,
high-density  lipoprotein  [HDL] cholesterol, and
triglycerides).

« Change in
nutrients'metabolites  and
modifications.

« Changein fat-soluble vitamins (A, D, E, and K).

«  Changein plasmaneurotransmittersand related metabolites.

«  Change in plasma inflammatory markers (tumor necrosis
factor-a, interleukin [IL]-1, IL-6, IL-8, IL-10, IL-13,
high-sensitivity C-reactive protein).

«  Changein blood hemoglobin and iron and zinc status.

« Change in physica health status including body
composition, physical activity, and muscle strength.

« Changein psychologica and mental well-being, including
scores on the Multidimensional Fatigue Symptom
Inventory-Short Form (MSFI-SF) [32], the Depression
Anxiety Stress Scales-Short Form (DASS-21) [33], the
World Hedth Organization—Five Well-Being Index
(WHO-5) [34], and the Positive Eating Scale (PES) [35].

« Subjective experience to the diets, including eating
experiences (PES), adherence to the intervention, ease of
following a prescribed hedthy eating pattern and
satisfaction of the diet (end of intervention only).

» Adverse events.

plasma amino acids and 1-carbon
their  posttrandational

Outcome M easurements

Dietary I ntake

On completion of the intervention, the data manually entered
into the Easy Diet Diary will be analyzed by FoodWorks
Professional (Xyris Pty Ltd), which are aligned with those in
the New Zealand food composition database (New Zealand
FOODfiles2018). Thiswill allow for analysis of the nutritional
composition of participant’s diets during the intervention and
to obtain insight into the dietary behaviors of participants. In
addition, the Otago Food Frequency Questionnaire-Short Form
will be used at t_,, ts, t1, @nd t,,. It has been validated in New
Zealand to assess overall nutrient intake over a 3-month period
[36].

Psychological Well-being

Psychological well-being will be self-assessed at interval sduring
the study using the MSFI-SF [32], the DASS-21 [33], the
WHO-5 [34], and the PES [35]. Together, these scales capture

well-being status related to mental health, physical vitality,
flourishing, and satisfaction/pleasure in eating.

Physical Activity and Sleep Monitoring

All participantswill wear aHuawe Band 4 Pro fitnesswristband
for the duration of the study. The device has an accelerometer
and optical heart beat detector that will be set to continuous
monitoring, and a sleep tracker which will be enabled.
Participants will be asked to download the Huawel Health
smartphone app (Huawei Device Co, Ltd) before the
intervention. At t; and t;, clinic visits, aweekly average number
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of steps and sleep duration will be collected for the previous 5
weeks from this app.

Body Composition

Body weight and height will be measured at each laboratory
visit. Additionally, full body composition will be analyzed using
dual x-ray absorptiometry (DEXA) at t; and t;o. Each DEXA
scan is6-9 minuteslong, and measures percent body fat, percent
body lean mass, and bone mineral density.

Muscle Strength

Grip strength will be assessed with a handheld dynamometer
at 3 laboratory visits.

Blood Erythrocyte, Plasma, and Serum Analyses

Whole blood samples will be coagulated at room temperature
for 15 minutes prior to centrifugation and serum separation,
which will be stored at —-80°C until analysis. Erythrocytes and
plasma from whole blood containing anticoagulant will be
harvested and stored at —80°C until analysis.

In erythrocytes, the fatty acid composition will be analyzed
using the fatty acid methyl esters assay and through lipidomics
as previously described [28,37].

In plasma, glucose and cholesterol (total, LDL, HDL cholesterol)
and triglycerides will be measured using a Roche Cobas c311
through the enzymatic colorimetric assay, and insulin will be
measured with an electrochemiluminescence immunoassay
using the Roche E411 autoanalyzer.

Free amino acids and 1-carbon metabolites will be analyzed
using ultraperformance liquid chromatography in accordance
with previously published methods [38,39].

Fat-soluble vitamin extraction procedures and analysis will
follow aliquid chromatography—mass spectrometry (LC-MS)
method [40].

Neurotransmitters and related compounds will be measured
through mass spectroscopy. These include phenylethyl amine,
3,4-dihydroxyphenylalanine, dopamine, 3-methoxytyramine,
3,4-dihydroxyphenylacetic ~ acid,  homovanillic  acid,
norepinephrine, 3,4-dihydroxyphenylglycal,
3-methoxy-4-hydroxyphenylglycol, normetanephrine,
epinephrine, metanephrine, vanillylmandelic acid, tryptophan,
kynurenine, 5-hydroxytryptophan, serotonin,
5-hydroxyindoleacetic  acid, a-aminobutyric acid, and
y-aminobutyric acid. The methodology utilizes a mass
spectrometry probe and astableisotope coding L C-M S method
developed by AgResearch and has been optimized for plasma
samples. Themethod isin accordance with previoudy published
protocol data[41].

Inflammatory markers will be analyzed using the Invitrogen
Inflammation 20-Plex Human ProcartaPlex Panel (catalogue
number: EPX200-12185-901). Briefly, 25 pL of plasma and
internal controls are incubated with magnetic beads prior to a
series of wash steps. In total, 25 pL of detection antibody will
be added and incubated for 30 min before adding 50 pL of
Streptavidin-PE. The 96-well plate will be analyzed using the
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Bio-Plex 200 system (BioRad) with inflammatory markersbeing
measured in pg/mL.

Serum iron status biomarkers (iron, unbound iron capacity,
ferritin, transferrin, and soluble transferrin receptor) and whole
blood hemoglobin will be analyzed using a Roche Cobas c311
by enzymatic colorimetric assay. Serum zinc concentration will
be analyzed using a commercial fluorometric probe kit
(Abl176725, Abcam).

Sdf-efficacy and End of I ntervention Questionnaires

The self-efficacy questionnaire will be distributed at eligibility
screening. The questionnaire asks participants to indicate their
levels of confidence with adherenceto healthy eating behaviors,
adherence to the flexitarian or vegetarian food patterns, and
cooking skills.

The end-of-intervention questionnaire will include closed and
open-ended questions regarding the satisfaction, ease of
compliance, and likelihood of continuing the food pattern in
the future.

Adverse Events

Psychological assessments will be monitored by a psychology
scientist, and those who raise concerns will be referred to
counseling services, with participant permission. Serious adverse
events will be reported to the Health and Disability Ethics
Committee.

Results

This study will be reported in accordance with the CONSORT
(Consolidated Standards of Reporting Trials) checklist. Our
results will be communicated via publication. The tria is
registered with  ClinicalTrial.gov  (unique identifier
NCT04869163).

Braakhuis et al

Discussion

Limitations

Using afree-living, mixed mea approach hasits advantagesin
real lifeapplicability of study findings but may hinder the clarity
in outcomes. A key aim was to compare the health effects of
red meat and alternatives in combination with a healthy diet,
using a clearly planned nutrition education and adherence
strategy. However, we acknowledge that compliance is
voluntary, and the degree to which participants comply will
impact the outcomes. To address this, daily food intake will be
assessed using images based or mobile phone app technology
and stop-go strategies in place to best support the participants
in adhering to the dietary intervention and provide confidence
in participant compliance [42,43].

Scientific and Industry Benefits

Concurrent analysis of physiological and psychological
well-being provides an extraordinary opportunity to understand
the broad benefits of a healthy diet. If the inclusion of
pasture-raised red meat improves compliance, enjoyment, and
measures of mental and physical health, then this can be
communicated to markets and demographics that are important
to industries in New Zealand. A sequence of scholarly
publications will underpin, and be a prerequisite for, any
marketing messages.

Data M anagement Committeeand Availability of Data
and Material

The Pl isresponsible for project coordination and will oversee
the operational aspects of thetrial. A scientific advisory group
will regularly monitor study implementation, as well as data
generation, documentation, and reporting. The Pl will
communicate protocol amendmentsto the ethics committee and
clinical trial registration. Access to data will be granted to
appropriate members of the research team and to authorized
representatives from the host institution to monitor or audit the
study and ensure compliance with regulations. Data will be
made available to external academics on reasonable request.
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Abstract

Background: Cancer isthe third leading cause of death in the United Arab Emirates (UAE), after cardiovascular diseases and
accidents. In the UAE, colorectal cancer (CRC) is the first and fourth most common cancer in males and females, respectively.
Several treatment modalities have been employed for cancer treatment, such as surgery, radiotherapy, chemotherapy, hormone
replacement therapy, and immunotherapy. These treatment modalities often elicit adverse effects on normal cells, causing toxic
side effects. To circumvent these toxicities, there has been an increased impetus towards the identification of alternate treatment
strategies. Animal venoms are rich sources of pharmacologically active polypeptides and proteins.

Objective: In this proof-of-concept study, we will apply a high-throughput venomics strategy to identify and characterize
anticancer bioactive peptides (BAPs) from 20 different animal venoms, specifically targeting CRC. We chose to focus on CRC
becauseit is one of the foremost health issuesin the UAE.

Methods: Intheinitia study, we will screen 2500 different peptides derived from 20 different animal venoms for anticancer
activity specifically directed against 3 CRC cel lines and two control cell lines employing the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric assay for cytotoxicity. Of the 20 venoms, 3
that exhibit specific and potent anticancer activity directed against the 3 CRC cell lineswill be selected; and from these 3 venoms,
the specific peptides with anti-CRC activity will be isolated and characterized.

Results: Thisstudy is at the protocol development stage only, and as such, no results are available. However, we have initiated
the groundwork required to disseminate the proposed study, which includes culturing of colorectal cancer cell linesand preparation
of venom screens.

Conclusions:  In summary, the proposed study will generate therapeutic leads to manage and treat one of the leading health
issuesin the UAE, namely, CRC.
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Introduction

Background

Cancer is the third leading cause of death in the United Arab
Emirates (UAE) after cardiovascular diseases and accidents. In
the UAE, colorectal cancer (CRC) is the first and fourth most
common cancer in males and females, respectively [1].
Numerous modalities have been employed for cancer treatment,
such as surgery, radiotherapy, chemotherapy, hormone
replacement therapy, and immunotherapy [2]. These treatment
modalities often elicit adverse effects on normal cells, causing
toxic side effects such as neurotoxicity, hepatotoxicity, and
nephrotoxicity [3]. To circumvent these toxicities, there has
been an increased impetus to identify alternate treatment
strategies.

Animal venoms are veritable gold mines of pharmacologically
active polypeptides and proteins. In fact, proteins and peptides
with anticancer properties have been identified and characterized
from venoms of snakes, bees, scorpions, wasps, ants, spiders,
and caterpillars [4,5]. One case in point is contortrostatin, a
disintegrin isolated from the venom of Agkistrodon contortrix
contortrix (southern copperhead); although it is not cytotoxic
to breast cancer cells, it inhibits angiogenesisinduced by breast
cancer in vivo [6]. Similarly, gonearrestide, a scorpion-derived
peptide, inhibits the growth of primary colon cancer cells and
solid tumors by triggering cell cyclearrest in G1 phase through
inhibition of cyclin - dependent kinase 4 and by the upregulation
of the expression of cell cycleregulatorsand inhibitors—cyclin
D3, p27, and p21 [7]. Furthermore, conopeptides derived from
Conus inscriptus have been shown to possess prospective
anticancer activity, specifically against cervical cancer [8].
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In summary, animal venoms comprise a mix of bioactive
peptides (BAPs), many of which exhibit anticancer activity
against specific typesof cancer mediated by one of thefollowing
four mechanisms: (1) induction of cell cycle arrest, growth
inhibition, and apoptosis; (2) inhibition of angiogenesis; (3)
inhibition of invasion and metastasis, and (4) blocking of
specific transmembrane channels [9].

In this proof-of-concept study, wewill apply ahigh-throughput
venomics strategy to identify and characterize anticancer
peptidesfrom 20 different animal venoms, specifically targeting
colorectal cancer. We chose to focus on colorectal cancer
because it is one of the foremost health issuesin the UAE.

The proof-of-concept study will address two specific ams.

In Aim 1, we will screen 2500 different peptides derived from
20 different animal venoms for anticancer activity specifically
directed against 3 CRC cdl lines and 2 control cell lines
employing the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) colorimetric assay for cytotoxicity.

In Aim 2, 3 venoms of the 20 screened in Aim 1 that exhibit
specific and potent anticancer activity directed against the 3
CRC cdl lines will be sdlected; from these 3 venoms, the
specific peptides with anti-CRC activity will be isolated and
characterized.

Methods

The dissemination plan for the proposed research corresponding
to Aim 1 and Aim 2isshown in Figure 1.
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Figure 1. Dissemination plan for the proposed research. CRC: colorectal cancer; HPLC: high-performance liquid chromatography; ROS: reactive

0Xygen species.

gl Screening Platform : Collection of 2500 peptides from 20 different animal venoms
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Screening for cytotoxic activity on CRC cell lines (HTCT116, CaCO-2/TC-7 and HCT29) and colon
normal cell lines (CCD18 and NCM-460) using the MTT assay.

Selection ofthree venoms, peptide(s) of which exhibit potent and CRC-specific cytotoxic activity.

Venom fractionation using a combination of size-exclusion. ion exchange. semipreparatory
and analytical reversed phase HPLC to isolate the bioactive peptide (BAP) of interest.

Characterization of anticancer effect
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Aim 1: Dissemination

Aim 1 of the study is directed to the identification of three
anima venoms which exhibit potent and specific cytotoxic
activity on CRC cell lines (HCT116, Caco-2/TC-7, and HT29)
and normal colon cell lines (CCD18 and NCM-460).

Preparation of the Venom-Derived Peptide Screen

This step of the project will be pursued in collaboration with
Latoxan (Valence, France), a leading producer of animal
venoms, with whom we have engaged in previous research
collaborations. Briefly, a library of venom peptides will be
created in 96-well plates. Venoms will be first cleared from
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molecules over 8500 Da (cytolytic enzymes). On the basis of
high-performanceliquid chromatography (HPL C), each venom
will be split into 20 fractions. Each fraction is expected to
contain 5 to 10 peptides at a 10 pmolar concentration in a
volume of 100 pl. The strength of this strategy is that the
separation of peptides using HPL C fecilitates the identification
of the active peptide once a hit (specific cytotoxic activity on
CRC cell lines) is detected. Each 96-well plate will be filled
with the fractions derived from 4 venoms, equaling 80 fractions
and approximately 500 different peptides in total. Therefore,
the entire screen contains 2500 venom-derived peptides
separated in 400 lyophilized fractions from 20 different animal
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venoms (refer to Figure 1 for details of the speciesthat will be
included in the screen).

Cdll Culture

Human colorectal cancer cell lines(HCT116, Caco-2/TC-7, and
HT29) and normal colon cell lines (CCD18Co and NCM-460)
will be purchased from American Type Culture Collection. For
cell culturing, RPMI 1640 (Sigma-Aldrich) medium will be
used, supplemented with 10% fetal bovine serum
(Sigma-Aldrich) and 1% penicillin/streptomycin antibiotic
cocktail (Sigma-Aldrich). The culture flasks (T25/T75) will be
incubated in a 5% CO, humidified incubator at 37 °C. After
reaching 70% to 80% confluency, the cells will be split using
1% trypsin—ethylenediaminetetraacetic acid (EDTA) solution
(Sigma-Aldrich).

Cytotoxicity on Normal and CRC Cell Lines

High-throughput screening of 400 lyophilized venom fractions
from 20 different animal specieswill be executed by measuring
the cytotoxic activity of the fractions on CRC cell lines
(HCT116, Caco-2/TC-7, and HCT29) and normal colon cell
lines (CCD18 and NCM-460) using the
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay (Merck Millipore) using the methods depicted in
[10,11]. First, the lyophilized fractions will be diluted in
dimethyl sulfoxide (DM SO) for further experiments. Secondly,
3000 to 4000 cells/well will be grown in 96-well plates, and
after 24 hours, the cells will be introduced to 2 pM
concentrations of venom fractionsin complete culture medium,
maintaining a blank (no venom) as a negative control and
5-fluorouracil asapositive control. After 72 hours of incubation,
the cellswill beincubated with 10% MTT, followed by 3 hours
of incubation in dark in a’5% CO, humidified 37 °C incubator.
The purple formazan formed will be dissolved in DMSO
(Sigma-Aldrich), and the plateswill be quantified by measuring
the absorbance at 570 nm using a microplate reader (Hidex).
The percent viability of the cellswill be calculated as:

[(absorbance of experimental sample) — (absorbance
of blank sample)] / [ (absorbance of untreated sampl€)
— (absorbance of blank sample)] x 100

| Cs, values and statistical significancewill be determined using
one-way analysis of variance.

Expected Results

For 3 animal venoms, fractions (containing peptides) that exhibit
specific and potent cytotoxic activity on CRC cell lineswill be
selected and used for subsequent studies, as depicted in Aim 2.
We aim to focus on peptides; therefore, during the preparation
of the screen, we will eliminate the cytolytic enzymes in the
venoms.

Aim 2: Dissemination
Purification of BAPs With CRC Cell Line-Specific

Cytotoxic Activity From the 3 Venoms | dentified in Aim
1

The 3 venomsidentifiedin Aim 1 will be procured in bulk from
Latoxan. BAPs with CRC cell line—specific cytotoxic activity
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will be purified from the venoms using a combination of size
exclusion, ion exchange, and semipreparatory and analytical
reverse-phase high-performance liquid chromatography on an
AKTA Avant multidimensional chromatography system (GE
Healthcare Systems) that is available in our laboratory. The
purification strategy will be similar to that described by Banerjee
et a [12,13]. At each step of purification, we will check for
cytotoxic activity, employing the MTT assay to identify the
fractioninwhichthe BAPispresent. The purified BAPfractions
will be collected, lyophilized, and stored at —20 °C until further
use.

Under Aim 1, once we have screened all the venom fractions,
we will analyze the hits that we have achieved. For this part of
the project, we will be focusing on the hits for which cytotoxic
activity is specifically observed against HT-29 cells. We will
select the 3 venoms corresponding to the peptides that exhibit
the most potent cytotoxic activity specifically against HT-29
cells. The remaining information corresponding to the peptides
that exhibit cytotoxic activity will be used to create a biobank
of active peptides, which will be the focus of later studies.

Therefore, under Aim 2 of the study, wewill focuson purifying
BAPs from the 3 venoms that we have selected following the
screening process. These BAPswill be purified to homogeneity
using acombination of chromatographic techniques (asindicated
above). These purified peptides will be further characterized to
identify the molecular mechanism by which they mediate the
anticancer activity. Because the characterization phase will
require BAPs in significant quantities, we aso will use
fluorenylmethoxycarbonyl (Fmoc) solid phase peptide synthesis
for bulk synthesis of the BAPs. In alater phase of the study, we
will establish a bacterial expression system for the mass
production of the BAPs identified and characterized in Aim 2
using the methodology depicted in [14].

Determination of the Molecular Weight of the BAPs

The homogeneity and molecular weight of the BAPs will be
determined by el ectrospray ionization mass spectrometry using
a PekinElmer Life Sciences API-300 liquid
chromatography/tandem mass spectrometry (M S) system at the
MS facility at SGS (Geneva, Switzerland). Typically,
reverse-phase HPL C fractionswill bedirectly used for analysis.
The ion spray, orifice, and ring voltages will be standardized
for analysis. Nitrogen will be used as a nebulizer and curtain
gas. A LC-10AD pump (Shimadzu) will be used for solvent
delivery (40% acetonitrilein 0.1% trifluoroacetic acid) at aflow
rate of 50 pl/min. BioMultiview software (PerkinElmer Life
Sciences) will be used to analyze and deconvol ute the raw mass
spectra.

Reduction and Pyridylethylation

The purified BAPs will be reduced and pyridylethylated using
procedures described previously. Briefly, BAPs (0.5 mg) will
be dissolved in 500 pl of denaturant buffer (6 m guanidine
hydrochloride, 0.25 m Tris-HCI, and 1 mm EDTA [pH 8.5]).
After the addition of 10 pl of B-mercaptoethanol, the mixture
will be incubated under vacuum for 2 hours at 37 °C.
4-Vinylpyridine (50 pl) will be added to the mixture, and it will
be maintained a room temperature for 2 hours. The
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pyridylethylated BAPs will be purified on a Jupiter C18
analytical column (4.6x250 mm) using agradient of acetonitrile
in 0.1% (volume/volume) trifluoroacetic acid at a flow rate of
0.5 ml/min.

N-Terminal Sequencing

N-terminal sequencing of the native and S-pyridylethylated
BAPswill be performed by automated Edman degradation using
a pulsed liquid-phase sequencer (PerkinElmer Life Sciences
Model 494, Procise) with an online Model 785A
phenylthiohydantoin derivative analyzer (Applied Biosystems).

Characterization of the Anticancer Propertiesof the
BAPs

Using a combination of different in vitro experiments, the
anticancer properties of the BAPs will be characterized. The
experimental protocols and the rationale for pursuing these
experiments are indicated bel ow.

Cedll Migration Assay

Cdl motility is avery important parameter in determining the
survival and progression of cancer. Augmented cancer cell
motility is the root cause of end-stage organ damage causing
mortality [15]. The cell motility assay will be performed
according to aprocedure recommended by Rodriguez et al [16].
Briefly, CRC cells will be grown in a 60 mm Petri dish until
they reach 80% confluency; then, afine scratch will be made
with the aid of a sterile pipette tip, and the scratch will be
immediately photographed at hour 0. Next, cells will be
supplemented with complete medium to allow them to grow.
After 24 hours, the migration of the cells from the scratched
areawill be monitored microscopically. Thewidth of the scratch
at 0 and 24 hours will be measured, and the percentage of the
gap covered by the cells will be cal culated.

Determination of Reactive Oxygen Species Levels

Cancer metastasis involves a slight elevation in the production
of reactive oxygen species (ROS). Cancer cells appear to thrive
on high levels of ROS compared to their normal counterparts,
as cancer cells have devel oped augmented antioxidant systems
[17]. ROS generation in CRC cellsand normal cells after inthe
presence and absence of BAPs will be assessed using
2,7-dichlorofluorescein diacetate (DCFH-DA) (Sigma-Aldrich)
using the manufacturer’s protocols. Briefly, CRC cells and
normal cells will be plated in 6-well plates (0.3 million
cells'well), and subsequently, subconfluent cellswill betreated
with BAPs for half an hour. Afterwards, the cells will be
trypsinized and plated in new black 96-well plates, followed by
incubation with 10 uyM DCFH-DA for 4 hours at 37 °C. The
fluorescence measurements will be performed in a Hidex
microplate reader (Turku) at an excitation and emission
wavelength of 485 nm and 538 nm, respectively.

I nvestigating Apoptosis Using Flow Cytometric
Experiments

The extent of apoptosis caused by BAP will be evaluated on a
FACSAria Ill flow cytometer (BD Biosciences) using an
annexin V and 7-aminoactinomycin D (7-AAD) apoptosis
detection kit (BioLegend). Cells at a concentration of 0.3 M
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will be seeded in a 6-well plate and incubated in a 37 °C 5%
CO, humidified incubator. After 24 hours, the cells will be
treated with benzopyrene and 5-fluorouracil (positive control)
for 24 hours. Cellswill be stained with annexin V and 7-AAD
in the dark for 20 minutes according to the manufacturer’'s
protocols. FlowJo 10.7.1 software (BD Biosciences) will be
used to analyze the data.

Enzyme-Linked | mmunosorbent Assay

Elevated levels of vascular endothelial growth factor, IL-6, and
IL-8 are proven biological markersindicating cancer progression
[18,19]. Teking into consideration the proactive character of
these cytokines (IL-8 and IL-6) in cancer, we will assess their
expression in CRC cell lines and normal cell lines following
BAP treatment using the method described by Duffy et al [18].
Briefly, 0.3 million cells will be seeded in complete culture
medium containing 1% bovine serum albumin (BSA) and
incubated in a 37 °C 5% CO, humidified incubator for 6 hours.
Purified BAPs will be introduced to the cells, followed by
incubation for 24 hours. After 24 hours, the cell culture media
will be collected and centrifuged to remove the cell debris. The
adherent cellswill be collected after trypsinization and will be
counted to normalize the cytokine concentration. The assay will
be executed as per the manufacturer’s guideline on
enzyme-linked immunosorbent assay (ELISA) plates
(ExtraGene) precoated with human IL-6 and IL-8. The
colorimetric intensity will be measured on a microplate reader
(Hidex) at 450 nm.

Western Blot Analysis

RhoC is a metastatic protein that is found to be constitutively
active in many types of cancers, including CRC [20]. We will
check the expression level of RhoC and the phosphorylation of
itsdownstream targets, ERK /2, INK, and P38, in BAP-treated
cellsto investigate the disruption of the signaling mechanisms.
Equal amounts of proteins extracted from control and
BAP-treated cells will be loaded on 12% sodium dodecyl
sulfate-polyacrylamide gel using a Mini-PROTEAN system
(Bio-Rad Laboratories). Proteins will be transferred to
nitrocellulose membranes using an iBlot 2 gel transfer device
(Thermo Fisher Scientific). The membranes will be incubated
with RhoC, ERK1/2, JNK, P38, and GAPDH antibodies
(Abcam) after blocking of the membranes with 3% BSA. After
the membranes are incubated with secondary antibodies, the
bands will be visualized on a ChemiDoc MP Imaging System
(Bio-Rad Laboratories) with enhanced chemiluminescence
detection reagents.

Statistical Analysis

Statistical analyses will be accomplished using the Student t
test in Stata (StataCorp LLC). The mean valueswill bereported
with standard deviations. P values <.05 will be considered
significant for differences.

Results

This study is at the protocol development stage, and as such,
no results are available. Experimental procedures in this study
will be conducted in vitro and will not involve the use of animal
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models or samples, patient samples or data, or recruitment of
human subjects. Therefore, research conducted as part of this
study poses minimal risk and fits one of the exempt review
categories as defined by institutional review board (IRB)
regulations aa Mohammed Bin Rashid University (MBRU).
Further clarification and information can be obtained from the
MBRU IRB at irb@mbru.ac.ae. We received funding for this
study following review of our proposal. The funding ID for our
research is MBRU-CM-RG2021-08. Additionally, we have
initiated the groundwork for this study, which includes the
purchase of CRC cell linesand preparation of the venom screen
kit in collaboration with Latoxan.

Discussion

Animal venoms are cocktails of pharmacologically active
polypeptides and proteins. Therapeutic leads from venom have
been successfully developed into drugs, such as the following
examples.

Captopril

This drug [21] was devel oped based on the therapeutic lead of
teprotide, identified and characterized from the Brazilian
arrowhead viper (Bothrops jararaca). Captopril is a potent
hypotensive agent used to manage/treat hypertension.
Tirofiban

This peptidomimetic drug [22] wasfirst approved for therapeutic
use in 1998; the original peptide lead was isolated and
characterized from the venom of the African saw-scaled viper
(Echis ocellatus). Tirofiban is commonly prescribed to patients
recovering from heart attacks or experiencing angina.
Ziconotide

Ziconotide [23] is a peptidomimetic drug sold under the brand
name Prialt; the original peptide wasidentified and characterized
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from the venom of Conus magus. Ziconotide is injected into
spinal fluid to prevent pain signals from reaching the brain.

Our studies will identify novel BAPs with anti-CRC activity.
These BAPs will act as therapeutic leads for the devel opment
of peptidomimetics; intheinitial stages, wewill apply asimilar
strategy to that depicted by Al-Amri et al [24] for the
development of the peptides, which will have future potential
for commercialization. Therefore, in the proposed study, we
will attempt to develop a sufficient and resilient infrastructure
capable of supporting anticipated economic growth inthe UAE.
Additionally, through the dissemination of this project, we will
endeavor to train 7 undergraduate students and 1 graduate
student in the niche of biomedical research. This aspect attests
to the development of a highly skilled productive research
workforce in the UAE.

Severa studies are available in the literature in which the
anticancer properties of animal venoms specifically targeting
CRC have been investigated. However, these studies mostly
focus on the anticancer properties of the whole venom rather
than on the isolation and characterization of BAPs mediating
the anticancer effect. For example, in the study by Al-Asmari
et al [25], the anti-colorectal cancer properties of three scorpion
venoms, Androctonus bicolor, Androctonus crassicauda, and
Leiurus quinquestriatus, were assessed, but the study fell short
of identifying the specific BAPs that mediated the anticancer
activity. Although such studies are of biochemical research
interest, they are not therapeutically viable, as whole venom
cannot be administered for treating patients with CRC. Our
study, on the other hand, presents arational approach in which
we will first screen for anti-CRC of specific venom, followed
by isolation and characterization of those BAPs that exhibit
these activities with high potency. Therefore, the strategy
applied in this study can also be adopted for similar studies
intending to isolate and characterize BAPsfrom different animal
venoms.
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Abstract

Background: Loss of teeth or occlusal imbalance is one of the proposed dental risk factors for temporomandibular disorders
(TMDs). Losing some non—free-end teeth cause the original occluding tooth/teeth to supraerupt from the original upright position
and causes neighboring tooth/teeth to shift in an angle, causing biomechanical imbalance on the mandible. Based on these sequel ae,
rehabilitation of missing teeth is the first step in managing TMD in edentulous patients. Even though the prevalence of TMD in
association with edentulism and in rehabilitated patients has been increasing, proper guidelinesfor the management of such cases
have not been established. This study describes the protocol to analyze the effect of prosthetic rehabilitation on patients with
TMD.

Objective: This study aims to determine the effectiveness of prosthetic rehabilitation in the reduction of pain in edentulous
patientswith TMD and to determine the effect of the span of edentulism, the number of quadrantsinvolved, pathological migration,
the type of Kennedy classification, and the prosthetic status on temporomandibular joint dysfunction signs and symptoms.

Methods: Inthisrandomized controlledtrial, 300 patients diagnosed with TMD will be grouped into one of the threeinterventional
groups based on the type of their edentulous state. The interventional groups are (1) partialy edentulous arch: Kennedy Class |
and I (prosthetic rehabilitation without splint); (2) partialy edentulous arch: Kennedy Class |11 and IV (prosthetic rehabilitation
with a splint); and (3) completely edentulous arches (prosthetic rehabilitation without splint). All three of the mentioned
interventional groups have corresponding control groups that will receive symptomatic treatment and comprehensive counseling.
The measured primary outcomes are pain and electromyogram, and the secondary outcomesinclude pain drawing, Graded Chronic
Pain Scale, Jaw Functional Limitation Scale, Oral Behaviours Checklist, depression, physical symptoms, and anxiety. The outcome
measurements will be recorded at baseline and at the end of 24 hours, 7 days, 28 days, and 3 months.

Results: Ethical approval was obtained from the Institutional Review Board of Amrita Institute of Medical Sciences, Kochi,
India. Study participants’ recruitment began in May 2021 and is expected to conclude in March 2023. Thisclinical trial protocol
was devel oped based on the SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) 2013 Statement.
Conclusions: The purpose of this study is to gather data on prosthetic rehabilitation as a treatment for TMD. Obtaining this
goal will aid in the development of evidence-based therapy protocols for prosthetic rehabilitation in TMD management.

Trial Registration: Clinical Trials Registry - India CTRI1/2020/06/026169;
http://ctri.nic.in/Clinicaltrial /pdf _generate.php?rialid=42381

International Registered Report Identifier (IRRID): DERR1-10.2196/33104

(JMIR Res Protoc 2021;10(12):€33104) doi:10.2196/33104
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orofacial pain; joint pain; prosthesis, edentulism; TMD; temporomandibular disorder; prosthetic rehabilitation
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Introduction

Background

Temporomandibular disorders (TMDs) are defined by the
American Academy of Orofacial Pain as*acollective term that
embraces a number of clinical problems that involve the
masticatory muscles, the temporomandibular joint, and the
associated structures’ [1]. TMDs are characterized by clinical
signs such as muscle and/or temporomandibul ar joint tenderness;
temporomandibular joint sounds (clicking, popping, or grating)
while opening or closing the mouth or while chewing; and
restriction, deviation, or deflection of the mouth while opening
or closing [1].

The sum or exacerbation of these signsand symptoms eventually
limits or even disables individuals in their physiological
activities [2]. Between 40% to 75% of the population has at
least one TMD sign such as noise in the temporomandibular
joint, and 33% have at least one symptom, facial pain, or
temporomandibular joint pain [3]. Between 65% to 85% of
humans experience some symptoms of temporomandibular joint
dysfunction at sometime during their life, and 5% to 7% of the
whole population requires treatment to decrease the symptoms
of TMD [4]. Due to the high variability in the presentation of
this disorder, TMD is diagnosed by its associating signs and
symptoms [5,6].

TMD have been identified as a major cause of orofacia pain
of nondental origin [7]. The World Health Organization has
emphasized the importance of being free of chronic orofacial
pain asaclear prerequisitefor oral health aswell asthe negative
effect of functional problems, such as chewing and eating, on
the individual’s well-being and daily living, making them
determinants of oral and genera health [8]. Individuas with
TMD symptoms have been found to seek different care providers
and use the health care system to a greater degree as well as
being more frequently on sick |eave than people without these
conditions [9]. Patients with TMD consequently experience a
considerable negative effect on their quality of life [10].

TMDs have a complex and multifactorial etiology. One
contributing factor that has been debated for years is the
“occlusal condition” of the patient [10]. Loss of teeth or occlusal
imbalance is one of the proposed dental risk factors for TMD.
These dental factorsinclude posterior crosshite, overjet/overbite
greater than 5 mm, centric relation/maximum intercuspa dliding
greater than 2 mm, edge-to-edge bite, sagittal relation class |,
anterior open bite, and missing teeth [11,12]. Teeth are the most
important components of the masticatory system with a close
relationship with the temporomandibular joint and masticatory
muscles. Any change to their normal functioning can induce
pathological changesin the temporomandibular joint. Missing
posterior teeth has been shown to have varied effect on the
incidence of TMD [13-15].

Loss of teeth without replacement, especialy at an early age,
often causes the original occluding tooth/teeth to supraerupt
from the origina upright position and causes the neighboring
tooth/teeth to shift in angle. Once the tooth/teeth begin to shift
inangle, the vector of forcetendsto increase tooth-/teeth-tilting,
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thusimposing adifferent biomechanical effect on the mandible
[16]. There is gender predilection, wherein the female
mastication system may have less ability to withstand harmful
stimulation from abnormal occlusion compared to counterparts,
and thus, females may be more susceptible to TMD than men

[17].

Little has changed in terms of study designs for
temporomandibular joint research in the last decade, and
treatment for patients with severe TMD remains controversial
[18]. Following loss of occlusion due to tooth loss, there are
secondary changes in the temporomandibular joint, which may
accentuate further signs and symptoms [19]. The scientific
community is uncertain about occlusion as the dominant cause
of TMD nor do they justify prosthetic rehabilitation as the
primary treatment modality for the management of TMD. The
irony is that even though there is lack of evidence for loss of
occlusion as a cause of TMD, the standard protocol in the
management of TMD with edentulism is prosthetic
rehabilitation.

There are till disagreements over the most effective and
cost-effective treatment approach that can be widely distributed
and used [20]. It is based on the clinical experience that, asthe
teeth are the most important components of the masticatory
system and as they have a close relationship with the
temporomandibular joint and masticatory muscles, any change
to their normal functioning can induce pathological changesin
the temporomandibular joint. Although prosthetic rehabilitation
isthe primary stepin managing TMD, itishardly justified with
the evidence in the literature. With these gaps in knowledge
regarding occlusion as a causative factor for TMD in the
literature, we designed thistrial to generate evidence regarding
prosthetic rehabilitation for the management of TMD. Achieving
this objective will help to devel op the evidence for a treatment
protocol for prosthetic rehabilitation in the management of
TMD.

There are 3 intervention groups and their corresponding 3
control groups. The study has prosthetic rehabilitation with or
without a splint (intraoral appliance) as the intervention. The
comparator agent is symptomatic treatment and comprehensive
counselling. If the patient is diagnosed with jaw joint disorder
and has missing teeth, and if they are willing to take part in the
study, they will be grouped into one of the three interventions
or one of the three control groups based on the type of the
toothless condition.

Objectives

Research Question

Can prosthetic rehabilitation of edentulous patients with TMD
decrease the pain symptoms of TMD?

Hypothesis

Prosthetic rehabilitation of edentul ous patientswill reduce pain
symptoms of TMD as compared to patients without
rehabilitation.
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Primary Objective
The primary objective is to determine the effectiveness of

prosthetic rehabilitation in the reduction of pain in edentulous
patients with TMD.

Secondary Objective

The secondary objective is to determine the effect of the span
of edentulism, the number of quadrants involved, pathological
migration, thetype of Kennedy classification, and the prosthetic
status on temporomandibular joint dysfunction signs and
symptoms.

Trial Design
This tria is designed as randomized, as controlled, with a

parallel arm, as blinded for outcome measurement, and with
adaptive trial design.

Methods

Study Setting

The trial will be conducted at Amrita School of Dentistry,
AIMS, Kochi and AmritaUrban Health Centre, Ka oor, Kochi,
Kerada, India

Study Population

Partially and fully edentul ousindividual s reporting to the centers
for routine dental care will be recruited for the study with their
consent. Patients belonging to any gender, with/without
prosthetic rehabilitation, and with/without any complaint of
TMD with varied edentul ous span will beincluded in the study.
Clinical Definition

Patients presenting with pain in the jaw or temple area, pain or
stiffnessin the jaw, or pain on functional movements of the jaw
(International Classification of Diseases, Tenth Revision,
Clinical Modification Code M26.60). These symptoms are
evaluated by the TMD screening questionnaire. Individuals
giving apositive to any of the 3 screening questionsin relation
to the Diagnostic Criteria for Temporomandibular Disorders
(DC/TMD) will be recruited to the study. The TMD pain
screener has showed high sensitivity and specificity for detecting
TMD pain [21].

Eligibility Criteria
Inclusion Criteria
The following inclusion criteriawill be used:

 Individuals within an age limit of 20-80 years

« Individuals completely or partialy edentulous for a
minimum period of 0-10 years

«  Completely or partialy nonrehabilitated edentulous
individuals

«  Patientswho show signsand symptoms of myalgiaof facial
muscles

« Individuals who understand the importance of prosthetic
rehabilitation and ora splintsfor TMDs

« Individuals who are willing to report at the required
intervals for evaluation

https://www.researchprotocols.org/2021/12/e33104
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Exclusion Criteria

The participant may not enter the trial if any of the following
apply:

«  TMD associated with macrotrauma of the head

«  TMD associated with inflammatory/infectious/congenital
disorders of the temporomandibular joint

» Individuas with Class Il, Class Ill,
malocclusion

+ Individuals who refuse dental treatment

« Individuals with skeletal or dental developmental
abnormalities and serious chronic medical conditions

« Any other significant disease or disorder that, in the opinion
of the investigator, may either put the participants at risk
because of participation in the trial or may influence the
result of the trial or the participant’s ability to participate
inthetrial

Patient Selection

Partially and fully edentulousindividuals reporting to the centers
will be recruited for the study with their consent. Patients
bel onging to any gender, with/without prosthetic rehabilitation,
and with/without any complaint of TM D with varied edentul ous
span will beincluded in the study. After obtaining an informed
consent, these patients will be screened using the DC/TMD
screener questionnaire. The patients who are screened positive
and satisfy the inclusion/exclusion criteria will be recruited to
the study. They will undergo detailed oral examination and the
TMD examination using the DC/TMD Axis | and Axis Il
guestionnaire. The electromyography (EMG) reading of these
patients will also be recorded. These patients will be allocated
to the specific arms of the study based on their dentul ous state.

or transverse

Interventions

The participants will be grouped into 3 interventional and 3
control groups based on their state of edentulism (Figure 1;
higher-resolution version in Multimedia Appendix 1). The
interventional groups are;

1. Partially edentulous arch—Kennedy Class | and Class II:
Kennedy Class | describes a patient who has edentulous
areas bilaterally, posterior to the remaining natural teeth.
Kennedy Class |l describes a patient who has a one-sided
edentulous area, posterior to the remaining natural teeth.
The participants of this group will receive mouth
preparation, prosthetic rehabilitation with removabl e partial
denture, and comprehensive counseling (n=50).

2. Partially edentulous arch—Kennedy Class |1l and Class
IV: In Class |11 the edentulous area has teeth located both
anteriorly and posteriorly toit. In Class 1V, there will be a
single but bilateral (crossing the midline) edentulous area
located to the anterior of the remaining natural teeth. The
participants of this group will receive mouth preparation
and prosthetic rehabilitation with removable partial denture
followed by management with stabilization splint and
comprehensive counseling (n=50).

3. Completely edentulous arches: The participants of this
group will receive prosthetic rehabilitation with removable
complete denture and comprehensive counseling (n=50).
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Each of the 3 mentioned interventional groups will have their
corresponding control groups with 50 participants in each

Sreekumar et al

control group. The participants in all the 3 control groups will
receive symptomatic treatment and comprehensive counseling.

Figure 1. Flowchart showing study design. DC/TMD: Diagnostic Criteria for Temporomandibular Disorders; EMG: electromyography; TMD:

temporomandibular disorder.
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DC/TMD symptom ' ™) and EMG; a.nd f_l—
questionnaire and EMG; and review of removable partial
raview of ramcvable pactial End of 3 months from denture End of 3 months from
denture baseline da_ta: of baseline data: Assement of
TMD using DC/TMD TMD using DC/TMD
symptom questionnaire End of 3months from symptom questionnaire
End of 3 months from and EMG baseline data: Assessment and EMG
baseline data: Assessment . S of TMD using DFHM.D . 4

of TMD using DC/TMD

symptom questionnaire

and EMG; and review of
removable partial denture

Follow up: End of 1 year
from baseline data:

Follow up: End of 1 year from
baseline data: of

P
and EMG; and review of
remavable partial denture

of TMD wsin A tof TMD
DC/TMD symptom ¢ Follow up: End of 1 year from ssma‘ﬂ‘:ym pm::mg
It i d EMG baseline data: Assessment of " "
questionnaire an ) TMD using DC/TMD symptom questionnaire and EMG
- ire and EMG; and | S——————

TMD using DC/TMD symptom

questionnaire and EMG; and
review of removable partial
denture

review of removable partial
denture

Follow up: End of 1 year
from baseline data:

Outcomes

The outcome measurements will be made by an examiner
calibrated according to the guidelines of DC/TMD criteria. The
DC/TMD instruction video has been peer-reviewed and
published [22]. Self-study guidelines and description of
supervised skill development have also been described. The
outcome measurementswill be made at baselineand at thetime
points of 24 hours, 7 days, 28 days, and 3 months.
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Primary Outcome Measurements

Pain

Pain will be measured using the visual analog scale (VAS) for
pain. The pain VAS is a unidimensiona single item measure
of pain intensity [23], which has been widely used in diverse

adult populations. Using a ruler, the score is determined by
measuring the distance (mm) on the 10-cm line between the
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“no pain” anchor and the patient’s mark, providing a range of
scores from O to 100 [24].

For painintensity, the scaleismost anchored by “no pain” (score
of 0) and “pain asbad asit could be” or “worst imaginable pain”
(score of 100 on a 100-mm scale). The following cut points on
the pain VAS will be used: no pain (0-4 mm), mild pain (5-44
mm), moderate pain (45-74 mm), and severe pain (75-100 mm)
[25].

Electromyography

The EMG of the masseter and the temporalis will be recorded
with the individuals seated with their heads guided in the
Frankfurt horizontal plane. The masseter and temporal anterior
muscles will be examined with surface electrodes at an
interelectrode distance of 20 mm positioned on the muscle
bellies parallel to the muscle fibers (“tempora anterior:
vertically along the anterior muscular margin around the coronal
suture; masseter: parallel to the muscle fibers, with the upper
poleof the electrode at the intersection between the tragus-labia
commissure and the exocanthion-gonion lines’) [ 26]. Reference
electrodes will be applied in positions “inferior and posterior
to theright ear” [27].

Secondary Outcome Measurements

Pain Drawing

The pain reported in distinct body regions, especialy if related
to known regional disorders (eg, headache, back pain, pelvic
pain, or neck pain), can be summarized as a count variable.
Extent of pain can be computed as percent of the body area[28].

Graded Chronic Pain Scale, Version 2.0

Thisscale[29] includesthreeitemsfor pain intensity, four items
for function, and one item for number of days of pain.
Characteristic pain intensity is the computed mean of items 2
to 4 (pain right now, worst pain, average pain) multiplied by
10. The interference score is the computed mean of items 6 to
8 (daily activities, socia activities, work activities) multiplied
by 10. The total disability points are the sum of points for
disability days + points for interference score. Based on the
scores, chronic painisgraded as 0 (none), | (low-intensity pain,
without disability), Il (high-intensity pain, without disability),
Il (moderately limiting), and IV (severely limiting).

Jaw Functional Limitation Scale

Thisscale[30] with 20 itemsisused to calculate asingle global
score of “jaw functional limitation” by computing the mean of
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the available items. Subscal e scores for each type of functional
limitation are computed as follows:

+ Mastication: mean of items 1 to 6

«  Mobility: mean of items 7 to 10

« Veba and nonverbal communication: mean of items 13
to 20

Oral Behaviours Checklist

Scoring can be computed as the sum of the number of items
with nonzero response. Based on comparison of individuals
with chronic TMD versus those without TMD, an Ora
Behaviours Checklist summary score of 0 to 16 appears to
represent normal behaviors, while a score of 17 to 24 occurs
twice as often in thosewith TMD, and a score of 25 to 62 occurs
17 times more often. As arisk factor for TMD, only ascorein
the 25 to 62 range contributesto TMD onset [31].

Patient Health Questionnaire-9: Depression

The Patient Health Questionnaire (PHQ)-9 [32] is comprised
of 9 items assessing depressed mood. A total sum score is
computed. Scores of 5, 10, 15, and 20 represent cut points for
mild, moderate, moderately severe, and severe depression,
respectively.

Patient Health Questionnaire-15: Physical Symptoms

The PHQ-15 [33] is comprised of 15 items and assesses
nonspecific physical symptoms, also referred to as functional
symptomsor medically unexplained symptoms. Itemsare scored
by adding the individual responses. A total sum score is
computed. Scores of 5, 10, and 15 represent cut points for low,
medium, and high physical symptoms, respectively.

General Anxiety Disorder-7: Anxiety

The General Anxiety Disorder-7 [34] is comprised of 7 items
assessing anxious mood and behavior. A total sum score is
computed. Scoresof 5, 10, and 15 represent cut pointsfor mild,
moderate, and severe anxiety, respectively.

Participation Timeline

Each eligible patient will be participating in the trial for 3
months, 1 year from their visit (baseling). The total number of
visits will depend on the study arms to which the participants
are allocated, but the outcome measurements will be recorded
at 5 visits (baseline, 24 hours, 1 week, 28 days, and 3 months;
Figure 2 and Table 1).
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Figure 2. Schedule of enrollment, interventions, and assessment. DC/TMD: Diagnostic Criteria for Temporomandibular Disorders; EMG:

electromyography.
Enrolment Allocation Postallocation Close-out
TIMEPOINT** -t1 0 t: t2- 24 hrs t3-7 days t4-28 days t5-3 months te
ENROLMENT:
Eligibility screen X
Informed consent X
Allocation X
INTERVENTIONS:
Removable partial denture < >
Removable partial denture
with stabilization splint * 5
Removable complete denture _ >
ASSESSMENTS:
Baseline variables X
DC/TMD; EMG X X N X
Review of prosthesis X X X X
Table 1. Participation timelines.
Procedures 1% (0 weeks) 20 (2weeks) 3 (24 hours) 4 (7 days) 5 (28 days) 6 (3 months)
Prescreening consent Yes No No No No No
Informed consent Yes No No No No No
Oral examination Yes No No No No No
Eligibility assessment Yes No No No No No
Allocation to study arms Yes No No No No No
Prosthetic intervention
Group 1 No Yes Yes Yes Yes Yes
Group 2 No Yes Yes Yes Yes Yes
Group 3 No Yes Yes Yes Yes Yes
Compliance Yes No No No No No
Assessment of DC/TMDS, EMGY, review of Yes Yes Yes Yes Yes Yes
prosthesis
Adverse event assessments No Yes Yes Yes Yes Yes

8t may be single or multiple based on patient-informed consenting process.
Byt may be multiple based on the type of prosthesis being delivered.
°DC/TMD: Diagnostic Criteriafor Temporomandibular Disorders.

EMG: @ ectromyography.
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Sample Size

The activity of masticatory muscle (mean and SD) while
chewing, estimated by EMG, reflectsthe TMD in apatient [35].
With apower of 80%, alphaerror of .05, and effect size of 0.77,
the minimum sample size estimated for each group was 22.
Considering attrition and the inclusion of various variables

Table 2. Sample size breakdown.

Sreekumar et al

(edentulousness location, etc), we increased the sample to 50
for each interventional group. The sample size of 50 will have
a minimum of 20 patients with edentulous maxilla and 20
patients with edentulous mandible for intervention groups 1 and
2. The total sample size for the study is 300 with 150 for the
interventional group and 150 for the control group. Pleaserefer
to Table 2 for the sample breakdown.

Group 1: removablepartial  Group 2: removable partial  Group 3: removable complete  Total, n
denture, n denture with stabilization ~ denture, n
splint, n
Intervention 50 50 50 150
Patients with edentul ous maxilla 20 20 20
Patients with edentulous mandible 20 20 20
Total 40 40 40
Females 20 20 20
Males 20 20 20
Total 40 40 40
Control 50 50 50 150
Patients with edentul ous maxilla 20 20 20
Patients with edentulous mandible 20 20 20
Total 40 40 40
Females 20 20 20
Males 20 20 20
Total 40 40 40
Sample per group 100 100 100 300
Recr uitment Allocation Concealment M echanism

Theadultsvisiting for routine dental care prosthodontics, Amrita
School of Dentistry or at Amrita Urban Dental Health Centre
will be recruited for the study. On examination, if the patient
isfound to satisfy theinclusion criteria, then they will be given
optionsfor the management of TMD by prosthetic rehabilitation
or by splints. If the patient opts for prosthetic rehabilitation,
then an option of participation inthetrial will be explained, and
the consenting process s followed. In case the patient declines
to participate in the trial, the missing teeth will be managed
according to the standard protocol of the department.

Sequence Generation

The selected patient for trial will berandomly allocated to either
the intervention arm or the control arm of their group, as per
computer-generated randomization, schedule stratified, based
on the type of group it belongs. The selected individuals will
be allocated in equal probabilitiesto theintervention and control
groups by stratified randomization. Stratified randomization is
achieved by performing a separate randomization procedure
within each of the two strata of participants. This will ensure
that the numbers of participants receiving each intervention are
closely balanced within each stratum. Treatment assignments
are then made from separate randomization lists created in
advance of the trial for each stratum.

https://www.researchprotocols.org/2021/12/e33104

Allocation concealment will be ensured, the randomization code
will not be released until the patient has been recruited into the
trial, which takes place after all baseline measurements have
been completed. The randomized codes, kept in a sealed cover
at each clinic, will assign the patient to the intervention at
baseline visit. The statistician will design the randomization
schedule.

Implementation

The randomization will be conducted by a stati stician to manage
the data, and the statistician will be blind against the study
condition. The randomization list will remain with the doctoral
committee for the whole duration of the study. Thus,
randomization will be conducted without any influence of the
dentist and hygienist.

Blinding

Due to the obvious nature of the treatment, neither the treating
dentist or patients are blinded; patients are only randomly
allocated to the intervention. However, the data analyst or
statistician will be blinded during the statistical process.

Data Collection M ethods

Each personnel will be trained centrally for the study
requirements, standardization of examination and assessment
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of the outcomes and counselling for adherence, and the eliciting
of information from study participantsin auniform reproducible
manner. The data to be collected and the procedures to be
conducted at each visit will be reviewed in detail. Each of the
datacollection formsand the nature of the required information
will be discussed in detail on an item-by-item basis. Entering
dataforms, responding to data discrepancy queries, and general
information about obtaining research quality data will also be
covered during the training session. Once an individual is
enrolled or randomized, the study site will make every
reasonable effort to follow the individual for the entire study
period of 12 months. It is projected that the rate of
loss-to-follow-up on an annual basis will be at most 5%.

Retention

Everyone has the right to withdraw from the trial at any time.
In addition, the treating dentist may discontinue an individual
from the tria at any time if they consider it necessary for any
reason, including:

« Ineligibility (either arising during thetrial or retrospectively
having been overlooked at screening)

«  Significant protocol deviation

«  Significant noncompliance with treatment regimen or trial
requirements

« An adverse event that requires discontinuation of the trial
or results due to inability to continue to comply with trial
procedures

« Disease progression that requires discontinuation of the
trial or results due to inability to continue to comply with
trial procedures

«  Withdrawal of consent

+ Lossof follow-up

Participantsa so may bewithdrawn if the regulatory authorities
terminate the study prior to its planned end date. If the

https://www.researchprotocols.org/2021/12/e33104
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participant is withdrawn due to an adverse event, the treating
dentist will arrange for follow-up visits or telephone calls until
the adverse event has resolved or stabilized.

Compliance With Trial Treatment

Thefollow-up visitsof theindividual areimportant for thetrial.
Compliance to visit the dental clinic at designated intervalsis
done by telephonic and email reminders to the individuals. If
the individual has missed the appointment or wants to
reschedule, then it is rescheduled within +/— 2 days. If the
individual misses two rescheduled appointments, then it is
referred as noncompliance. The individual will be withdrawn
from the study. However, if the individual completes 6 months
and becomes noncompliant for the next 6 months, the person’s
time of participationin thetrial will be counted and will be used
for analysis.

Data Formsand Data Entry

This may be done at a center or at the participating site where
the data originated. Original study forms will be entered and
kept on file at the participating site. Participant files are to be
stored in numerical order and stored in a secure and accessible
place and manner. Participant fileswill be maintained in storage
for aperiod of 3 years after completion of the study.

All formsrelated to study datawill be kept in locked cabinets.
Access to the study data will be restricted. All reports will be
prepared such that no individual patient can be identified. The
study sites will send 6-month email reports with information
on missing data, missing forms, and missing visits.

Statistical M ethods

The effectiveness of pain reduction within each arm and between
each group will be analyzed using analysis of variance. The
details of the analysis are explained in Table 3.
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Table 3. List of proposed analysisfor tria results.?

Sreekumar et al

Variable/outcome Hypothesis

QOutcome measure Methods of analysis

Effectiveness of reduction of pain:
within each arm

Intervention improved outcome
from baseline to 12 months

Effectiveness of reduction of pain:
between group 1, group 2, and
group 3

Intervention improved outcome
from baseline to 12 months

Subgroup analysis

Effectiveness of reduction of  Intervention improved outcome

pain: between group 1, group  from baseline to 12 months

2, and group 3

Between posterior teeth rehabil-  Number of teeth affects effective-
itation vs anterior teeth rehabil-  ness of outcome

itation

Position of edentulism affects the
effectiveness outcome

Upper vs lower teeth

Duration of edentulism Duration of edentulism affects pain

outcome

Number of quadrants Number of quadrants affectsthe ef-

fectiveness outcome

Per person reduction of VAS® score Chi-square methods or ANOVA¢

and GCPS’ (proportion or mean)

Per person reduction of VAS score
and GCPS (proportion or mean)

Chi-square methods or ANOVA

Per person reduction of VAS score
and GCPS (proportion or mean)

Regression methods with appropri-
ate interaction term

Per person reduction of VAS score
and GCPS (proportion or mean)

Chi-square methods

Per person reduction of VAS score
and GCPS (proportion or mean)

Chi-square methods

Per person reduction of VAS score
and GCPS (proportion or mean)

Chi-square methods

Per person reduction of VAS score
and GCPS (proportion or mean)

Chi-square methods

8 nall analyses, resultswill be expressed as coefficient, SEs, corresponding 95%, and associated P values. Goodness of fit will be assessed by examining

the residuals for model assumptions and chi-square tests for goodness of fit.

BVAS: visual analog scale.
®GCPS: Graded Chronic Pain Scale.
dANOVA: and ysis of variance.

Analysis Population and Missing Data

We will report reasons for withdrawal for each randomization
group and compare the reasons qualitatively. The effect that
any missing data might have on results will be assessed via
sensitivity analysis of augmented data sets. Dropouts will be
included in the analysis by using multiple imputation methods
for missing data. Excluding patients from the analysis who
violated the research protocol (did not get their intended
treatment) can have significant implications that impact the
results and analysis of a study. If the attrition loss is less than
15%, a per protocol analysis will be carried out; otherwise,
“intention to treat” will be performed.

Data Monitoring

An interim analysis is performed on the primary end point
(reduction in pain) when 50% of patients have been randomized
and have completed the 12-month follow-up. The interim
analysis will be performed by an independent statistician,
blinded for the treatment allocation.

Resear ch Ethics Approval

Thisclinical tria protocol has been approved by the Institutional
Review Board (IRB) of Amrita Institute of Medical Sciences,
Kochi, India. The investigator will ensure that this tria is
conducted in accordance with the principles of the Declaration
of Helsinki. The protocol, site-specific informed consent forms
(speaking language), participant education and recruitment
materials, and other requested documents—and any subsequent
modifications—will bereviewed and approved by the IRB. The
chief investigator will ensure that this trial is conducted in

https://www.researchprotocols.org/2021/12/e33104

accordance with relevant regulations and with Good Clinical
Practice. The chief investigator shall submit once a year
throughout the clinical trial, or on request, an annual progress
report to the IRB. In addition, an end of trial notification and
final report will be submitted.

Consent to Participate

A trained trial coordinator will introduce the trial to patients
who will be shown a video regarding the main aspects of the
trial. Patients will also receive information sheets. They will
discuss the trial with patients considering the information
provided in the video and information sheets. Patientswill then
be able to have an informed discussion with the participating
consultant. The participant will be detailed on no less than the
exact nature of thetrial, what it will involve for the participant,
theimplications and constraints of the protocol, and the known
side effects and any risks involved in taking part. It will be
clearly stated that the participant is free to withdraw from the
trial at any time for any reason without prejudice to future care,
without affecting their legal rights, and with no obligation to
give the reason for withdrawal.

They will obtain written consent from patients willing to
participate in the trial. Information sheets and consent forms
are provided for all participants involved in the trial. All
information sheets, consent forms, and the video transcript will
be in speaking language. Written and verbal versions of the
participant information and informed consent will be presented
to the patient. They will be allowed as much time as wished to
consider the information and have an opportunity to question
the treating dentist to decide whether they will participate in
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the trial. Written informed consent will then be obtained by
means of a participant dated signature and dated signature of
the person who presented and obtained the informed consent.
A copy of the signed informed consent will be given to the
participant. The original signed formwill beretained at thetrial
site.

Protocol Amendments

Any modificationsto the protocol that may impact the conduct
of the study or potential benefit of the patient or may affect
patient safety, including changes of study objectives, study
design, patient population, sample sizes, study procedures, or
significant administrative aspects will be notified to the IRB
for approval.

Confidentiality

The trial staff will ensure that the participants’ anonymity is
maintained. The participants will be identified only by a
participant |D number on all trial documents and any electronic
database. All documents will be stored securely and only
accessible by trial staff and authorized personnel. Thetria will
comply with the Data Protection Act, which requires datato be
anonymized as soon asit is practical to do so. Source documents
are where data are first recorded and from which participants
case report form (CRF) data are obtained. These include, but
arenot limited to, hospital records (from which medical history
and previous and concurrent medication may be summarized
into the CRF), clinical and office charts, laboratory and
pharmacy records, diaries, radiographs, and correspondence.

CREF entries will be considered source data if the CRF is the
site of the origina recording (ie, there is no other written or
electronic record of data). All documents will be stored safely
in confidential conditions. On all trial-specific documents other
than the signed consent, the participant will be referred to by
thetrial participant number/code, not by name. The participants
will be identified by a unique trial specific number or code in
any database.

Results

Ethical approval was obtained from the IRB of Amritalnstitute
of Medical Sciences, Kochi, India. Informed consent will be
obtained from all participants before recruiting to the study.
Recruitment began in May 2021.
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Discussion

Overview

There have always been controversies regarding occlusion as
acausativefactor for TMD. The effect of partial/total edentulism
and their rehabilitation on temporomandibul ar joint has not been
documented in any long-term clinical trials. To better understand
this phenomenon, long-term studies that evaluate both
edentulism as a cause of TMD and prosthetic rehabilitation as
aprevention or cure of TMD must be conducted. Even though
the prevalence of TMD in association with edentulism and in
rehabilitated patients has been increasing, proper guidelinesfor
the management of such cases have not been established. Any
attempt to identify and symptomatically treat to relieve such
patients from pain also means improvement of their quality of
life.

Strengths and Limitations of This Study
This study has the following strengths and limitations:

«  Thestudy design (RCT) will provide evidence of prosthetic
rehabilitation on the TMD.

- Patientswith TMD are grouped based on their edentulous
state as completely or partially edentulous, and partially
edentulous patients are classified further based on the
Kennedy classification. This ensures that the effect of
different types of edentulism on TMD are assessed.

- EMG reading for recording the muscle activity is an
additional quantitative outcome evaluation used to assess
and evaluate the TMD.

« Asthe study has afollow-up period of 3 months after the
intervention, we expect some amount of attrition.

Conclusion

This protocol has input from a study that we conducted on a
tribal population to find out the prevalence of TMD. The study
found out that there isarelation between the type of edentulism
and TMD. The research question was developed based on this
research experience and understanding that there is a lack of
well-designed trials to evaluate the effects of prosthetic
rehabilitation on TMDs. The study has been designed by
grouping edentulous patients to different strata based on the
types of edentulism.
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Abstract

Background: Behaviora obesity trestment (BOT) isagold standard approach to weight loss and reducesthe risk of cardiovascular
disease. However, frequent lapses from the recommended diet stymie weight loss and prevent individuals from actualizing the
health benefits of BOT. There isaneed for innovative treatment solutions to improve adherence to the prescribed diet in BOT.

Objective: The aim of this study is to optimize a smartphone-based just-in-time adaptive intervention (JTAI) that uses daily
surveys to assess triggers for dietary lapses and deliver interventions when the risk of lapse is high. A microrandomized trial
design will evaluate the efficacy of any interventions (ie, theory-driven or a generic alert to risk) on the proximal outcome of
lapses during BOT, compare the effects of theory-driven interventions with generic risk alerts on the proximal outcome of lapse,
and examine contextual moderators of interventions.

Methods: Adults with overweight or obesity and cardiovascular disease risk (n=159) will participate in a 6-month web-based
BOT while using the JITAI to prevent dietary lapses. Each time the JTAI detects elevated lapse risk, the participant will be
randomized to no intervention, a generic risk alert, or 1 of 4 theory-driven interventions (ie, enhanced education, building
self-efficacy, fostering motivation, and improving self-regulation). The primary outcome will be the occurrence of lapse in the
2.5 hours following randomization. Contextual moderators of intervention efficacy will also be explored (eg, location and time
of day). The datawill inform an optimized JITAI that selects the theory-driven approach most likely to prevent lapsesin agiven
moment.

Results: The recruitment for the microrandomized trial began on April 19, 2021, and is ongoing.

Conclusions: This study will optimize a J TAI for dietary lapses so that it empirically tailors the provision of evidence-based
intervention to the individual and context. The finalized JITAI will be evaluated for efficacy in a future randomized controlled
trial of distal health outcomes (eg, weight 0ss).

Trial Registration: Clinical Trials.gov NCT04784585; http://clinicaltrials.gov/ct2/show/NCT 04784585

International Registered Report Identifier (IRRID): DERR1-10.2196/33568

(JMIR Res Protoc 2021;10(12):€33568) doi:10.2196/33568
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Introduction

Background

Behavioral obesity treatment (BOT), a first-line intervention
for overweight and obesity, typically produces a 5% to 10%
reduction in initial body weight [1,2]. However, many
individualsloselessweight than expected, thereby negating the
potential health benefits of weight loss (eg, reduced
cardiovascular disease [CVD] risk and severity) [3,4]. These
suboptimal outcomes can be, in part, attributed to nonadherence
to the prescribed calorie goal and recommended dietary
guidelinesto reduce energy intake[5]. Research has shown that
dietary lapses (ie, specific instances of nonadherence to BOT
dietary goas) occur 3-4 times per week in BOT and are
associated with poorer weight losses on average[6,7]. Although
the ability to cope with temptation and prevent lapse has been
associated with BOT success [8-10], there is insufficient
evidence on how to provide these necessary skillsfor individuals
to reduce dietary lapsesin BOT.

Extant strategies to improve adherence in BOT (eg, stimulus
control) require vigilance for potential lapse triggers and the
ability to implement an effective plan to avoid lapse.
Alternatively, just-in-time adaptive interventions (JITAIS) can
proactively monitor lapse risk and provide support to prevent
lapses in an adaptive manner and in exact moments of need
[11,22]. Our team developed a smartphone-based JITAI that
uses ecological momentary assessment (EMA) [13] to monitor
triggersfor lapses viarepeated surveys throughout the day [14].
The JTAI analyzesEMA responsesin real timeusing amachine
learning algorithm to calculate the ongoing level of risk for
lapsing and then delivers preventive intervention as needed.
This JTAI has demonstrated feasibility and acceptability in
two 8- to 10-week pilot studies [15,16]. Using simple
intervention messages (ie, 1-2 screens of text), the JTAI was
associated with average reductions in dietary lapses. However,
the JITAI has not been evaluated for efficacy directly in the
moments of heightened lapse risk, and there is little evidence
(or theory) available to guide which interventions should be
delivered in these moments of vul nerability to achieve maximum
clinical benefit.

Objectives

To develop a scientifically rigorous and maximally effective
JTAI for dietary adherence, research must experimentally
evaluate the proximal efficacy of theory-driven interventions
for reducing lapses [17]. This paper describes the design of a
microrandomized trial (MRT) to optimize a JITAI for dietary
lapses by empirically determining which theory-driven
interventions are effective in preventing lapses and contexts
that could influence intervention effectiveness [18,19]. Each
time a participant is determined to be at high risk for lapsing
based on the JITAI's agorithm, they will be randomized to
either no intervention, a generic alert to risk, or 1 of 4
theory-driven intervention options to provide education on
dietary goals, increase self-efficacy, enhance motivation, or
improve self-regulation. Each participant can be randomized
over 100 times during the study (based on the rate of
algorithm-determined |apse predictions), which will efficiently

https://www.researchprotocols.org/2021/12/e33568
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provide the critical information required to optimize the J TAI
[17,18]. Theresults of thisstudy will inform animproved J TAI
for lapses that can be evaluated in a future randomized
controlled trial (RCT) and contribute to the broader evidence
base of developing JITAlsfor problematic eating behaviors (ie,
understanding the relative efficacy of theory-based approaches
to modifying behavior and informing dynamic theoretical
models of behavior).

Methods

Study Aims and Design

This study aims to optimize a smartphone-based JITAI for
dietary lapses by evaluating the efficacy of 4 theory-driven
interventions on the proximal, immediate outcome of lapse
during BOT. This study uses an MRT design because it is the
most efficient experimental design to determine which
interventions are efficacious at a given moment in time [18].
The use of the MRT, with more than 100 randomizations and
observations of the outcome per participant, alows for the
evaluation of each intervention condition with full statistical
power [17]. In stage 1, the JTAIl and MRT study procedures
(including the microrandomization agorithm) will be tested
with a small number of participants for 3 months to ensure
proper functioning before proceeding to stage 2. In stage 2,
adults with overweight or obesity and =1 CVD risk factor (eg,
diagnosis of hypertension, hypercholesterolemia, and type 2
diabetes) will participate in a well-established 3-month
web-based BOT (BOT + JITAI) with 3 months of J TAl-only
follow-up. During BOT and follow-up, participantswill usethe
smartphone-based JI TAI consisting of the following: (1) EMA
to assess lapses and relevant behavioral, psychological, and
environmental triggers; (2) a machine learning algorithm that
usesinformation gathered viaEMA to determine real-timelapse
risk; and (3) randomized administration of intervention to
counter lapse risk. When an individual is at risk for lapsing,
they will be randomized to no intervention, ageneric risk aert,
or 1 of 4 theory-driven interventions with skills training. The
primary proximal outcome of interest will be the occurrence
(or lack thereof) of dietary lapse, as measured by EMA [7], in
the 2.5 hoursfollowing randomization. The secondary proximal
outcomes of interest will be the passive measurement of eating
characteristics (ie, duration, rate of eating, and count of bites
takeninthe 2.5 hoursfoll owing randomization) viawrist-based
monitoring for the first 14 days of treatment and subsegquent
14-day periods at 3 and 6 months [20]. Contextual moderators
will be explored to determine the circumstances under which
interventions are more or less effective (ie, location, time of
day, whether in active BOT or follow-up, and type of lapse
triggers endorsed). J TAI engagement, satisfaction, and weight
will be measured at baseline, 3 months, and 6 months. When
the MRT is complete, stage 3 will consist of using the data to
inform an optimized JTAI that selects the theory-driven
approach most likely to counter lapse risk in a given moment.
This study has 4 aims:

« Aim 1. evaluate the effects of any intervention (ie,
theory-driven or generic risk alert) versus no intervention
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on the occurrence of dietary lapse in each moment when
the lapserisk is predicted to be high.

« Aim 2: compare the effects of theory-driven interventions
and generic risk aerts on the occurrence of dietary lapse.

« Aim3: usethedatafromthe MRT to optimize an algorithm
for intervention delivery that will drivethe J TAl inafuture
RCT examining the effects on overall weight changein an
obesity treatment program.

- Exploratory aim: examine contextual moderators(eg, time,
location, and active BOT or follow-up) of interventions.

JITAI for Dietary L apses

by Nahum-Shani et al [21]. According to their established
framework, JTAIs should include the following components:
decision points (times at which an intervention decision is
made), tail oring variables (information that isused at adecision
point to decide when and how to intervene), decision rules
(algorithms deciding which intervention option to offer and for
whom and when), intervention options, proximal outcomes
(behaviors directly targeted by the J TAI), and distal outcomes
(health conditions that are expected to improve as a result of
targeting proximal outcomes). A conceptual model of the I TAI
components in the current trial and how they work together to
provide real-time adaptive intervention to prevent dietary lapses

Overview isshownin Figure 1.

The JITAI for dietary lapsesto be optimized by the current trial
was developed in line with the conceptual framework set forth

Figure 1. Conceptual model of just-in-time adaptive intervention components. EMA: ecological momentary assessment; JITAI: just-in-time adaptive
intervention.
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Decision Points

As shown in Figure 1, the decision points in this trial occur
immediately following the completion of each EMA survey
[21]. EMA iswell suited to inform decision points because the
measurements of tailoring variables can be repeated over time
inthe changing context of everyday life, thusinforming multiple
opportunities for assessment and intervention [22]. Consistent
with previous studies, the JTAI for lapses will prompt
participants viavibration and audible tone to complete 6 EMA
surveys throughout the day (anchor times at 8:30 AM, 11:00
AM, 1:30 PM, 4:00 PM, 6:30 PM, and 9:00 PM) [7,15,16].
Participants are given 90 minutesto respond to an EMA survey
beforeit expires. The 6 EMA surveysinform 6 decision points
each day for which an intervention could be provided.
Randomization to an intervention option will only be triggered
at a subset of decision points in which an EMA survey is
completed, and lapse risk is judged to be elevated, which
previous work has shown occurs approximately once per day
on average [15].

Tailoring Variables

A JTAI tailoring variableis participant information that is used
to decide (1) when to intervene (ie, help define the decision
point) and (2) how to intervene (ie, which type of intervention
to administer) [21]. The tailoring variables used to determine
when to intervene in the proposed JITAI will be measured via
17 EMA survey questionsthat assess behavioral, psychosocial,
and environmental triggers for lapse. Pilot studies confirmed
that these 17 variables are feasible to assess via EMA and are
suitable for predicting lapse in the JTAI (see the Measures

https://www.researchprotocols.org/2021/12/e33568

section for acompletelist of tailoring variables) [7,15,23]. The
exploratory aim of this research is to identify other tailoring
variables (eg, contextual moderators) to refine the JTAI by
explaining how to intervene under specific risk conditions.

Decision Rule

Thedecision rule usestailoring variablesto identify the current
state of vulnerability and specifies when it is appropriate to
offer intervention [21]. Owing to substantia individual
variability in what tailoring variables and at which thresholds
indicate a heightened state of lapse risk, a machine learning
algorithm informs the decision rule in this JTAI for lapses
[6,24-26]. Informative work to develop thisJITAI, asupervised
machine learning approach was used to train an algorithm using
previously collected data on tailoring variables and dietary
lapses. Preliminary research reveal ed that ensemble classifiers,
aseriesof C.5 decision tree algorithms, predicted the likelihood
of reporting alapse in the next EMA survey (in approximately
2.5 hours) with 72% specificity and 70% sensitivity [7]. This
study also showed that combining group- and participant-level
dataisthe most efficient approach to lapse prediction; therefore,
the decision rule algorithm allowsthe JITAI to start with abase
algorithm comprised of data from previous trials and then
continuously adapt itself to the individual via incoming
information. When piloting this JITAI for lapses, the decision
rule algorithm predicted lapses with 80% negative predictive
value (n=43) [15] and 76.5% accuracy (n=116) [16], thus
indicating that it is ready for use in the current trial. At each
decision point, thetailoring variablesfrom a participant' SEMA
survey will be uploaded to the J TAI platform (operating via
PiLR Health, a product of MEI Research Ltd to execute EMA
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studies), which will process the data using the above-described
decision rule algorithm (Figure 1). On the basis of these data,
the algorithm will then predict whether or not a participant is
likely to lapse in the following 2.5 hours. If the prediction for
lapse is yes, then the participant will be randomized to 1 of 6
intervention conditions (ie, 4 theory-driven interventions,
generic risk aert, and no intervention). If the prediction for
lapse is no, then nothing will be done at that time because the
participant is not in a state of heightened lapse risk.

I ntervention Options

Overview

The intervention options in a JTAI should be driven
theoretically or empirically [21]. Previous pilot studies to
develop this J TAI for lapses have used simple—interventions
(ie, 1-2 screens of text) based on amultitude of behavior change
taxonomies. This study will improve upon previous work by
using an a priori selected conceptual model of adherence
behavior to guide theory-driven intervention options that are
designed to be interactive and engaging.

The theory-driven intervention options to be evaluated in this
study were devel oped using the I nformation-M otivation-Strategy

Goldstein et d

(IMS) model asatheoretical basis[27]. TheIMSmodel extends
and is grounded in several health behavior models (eg, Health
Belief Model and Theory of Planned Behavior) and has been
shown to be a valid approach to understanding adherence
behaviors via meta-anaytic reviews and large-scale trials
[27,28]. The IMS model posits that there are 3 influences on
adherence to health recommendations or guidelines: (1)
information (ie, providing education on factors that influence
adherence and treatment goals), (2) motivation (ie, motivating
patients to carry out recommendations via self-efficacy and
aligning to a person’s values), and (3) strategy (ie, strategizing
with participants to ensure capability and ability to adhere). In
addition to being an empirically validated model for studying
adherence behavior, generally, the IMS model can flexibly
incorporate theory-driven interventions with empirical support
for dietary adherence, specifically. The IMS model also
encourages tailoring within the categories, making it consistent
with the JTAI framework. Figure 2 illustrates how the IMS
model informed the foll owing theory-driven intervention options
to be tested within this MRT, focusing on enhanced education,
sel f-efficacy, autonomous motivation, and self-regulation.

Figure 2. The information-motivation-strategy model that informed the just-in-time adaptive intervention options.

Adherence information
«Enhanced education
intervention option

Adherence

strateqy .
1 +Self-regulation Dietary
v . . adherence
intervention

option

Adherence motivation
+Self-efficacy intervention
option
*Autonomous motivation
intervention option

The selected intervention options act as companions to the
web-based BOT program. They are designed to remind
participants to use skills that they have already been taught
through the web-based BOT (i, self-monitoring, setting dietary
goals, basic self-regulation skills, and problem-solving) or
provide easy-to-digest new strategies to facilitate engagement
in behavioral skills. Each intervention option (as well as the
active comparator and generic alertstorisk) comprisesalibrary
of brief intervention modules that can be administered in any
order. The variation in intervention content is expected to
facilitate long-term engagement via reduced repetition and
encourage well-rounded skill development [29,30]. If a
participant israndomized to atheory-driven intervention option
or active comparator condition, a module will be randomly
selected from the library of that condition. Each module is
designed to have the highest impact while minimizing burden.
The content of these modules, which is hosted in the PILR
Health platform, consists primarily of 3- to 5-minute
instructional videos that are interactive where possible (eg,
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prompting participant responses and using branching logic to
tailor content) [12]. A description of the modules included in
each theory-driven intervention option as well as active and
inactive comparators is presented in subsequent sections.

Enhanced Education I ntervention Option

The IMS model highlights the importance of participant
knowledge in determining adherence [27,31]. Providing
education on the link between dietary recommendations and
health hasimproved dietary adherence among participantswith
CVD risk [32,33]. In particular, asking participants to repeat
key points has been shown to increase the understanding of
disease and enhance adherence to dietary guidelines[34,35]. A
library of 6 independent moduleswas created; all modules seek
to promote the understanding of health behavior links, improve
health literacy by using brief quizzes, and remind participants
of important elements of the BOT dietary goals. When
participants are randomized to the enhanced education
intervention option, they will randomly receive one of the
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following independent modulesfocused on (1) therole of dietary
fat in health and strategies to reduce the consumption of
saturated and trans fats, (2) the role of sodium in health and
recommendations for sodium intake to reduce CVD risk, (3)
the role of added sugars in health and strategies to reduce the
consumption of foods with added sugar, (4) the role of small
lapses in contributing to higher caloric intake for the day and
strategiesfor reducing small lapses, (5) preventing lapse during
ahigh-risk time by choosing foods that are low in calories and
filling, or (6) therole of evening cal orie consumption on health
and weight loss (delivered in evenings only). Thisintervention
option is expected to improve dietary adherence by reminding
participants of important health goals and improving knowledge
retention.

Self-efficacy I ntervention Option

According to the IMS model, participants’ confidence in their
ability to change behavior (ie, self-efficacy) is essential for
adherence[27]. Self-efficacy has been robustly associated with
improved weight loss and adherence to dietary
recommendations, which provides strong justification for
targeting it in the JTAI for lapses [36,37]. A library of 4
independent modul es was created based on self-efficacy—based
BOT [38], amulti-component intervention that has been shown
to improve self-efficacy for weight loss via goal-setting,
problem-solving, self-reward, and coping with difficult thoughts.
When participants are randomized to the self-efficacy
intervention option, they will randomly receive one of the
following modules developed to emulate self-efficacy—based
BOT: (1) setting attainable goals related to dietary adherence;
(2) barrier identification for adhering to dietary goalsal ong with
a brief problem-solving exercise; (3) devising a small,
non—food-related self-reward for adhering to the day’s dietary
goal; or (4) a self-assessment of negative thoughts that could
interfere with dietary adherencein the next several hours, along
with suggested coping statements. This intervention option is
expected to facilitate dietary adherence by improving
self-efficacy in moments of heightened lapse risk, which will
enhance motivation and the ability to engage in adherence
strategies.

Autonomous Motivation I ntervention Option

Another central tenant of the IMS model is that beliefs about
the value of engaging in a behavior are critical to adherence
[39-41]. A library of 4 independent modules was created based
on principles from motivationa interviewing (MI) and
acceptance and commitment therapy (ACT) [42,43]. Both Ml
and ACT are widely used strategies for improving and
maintai ning motivation for health behavior change [44,45]. Ml
and ACT use a collaborative and nonjudgmental approach to
identify valued directions and make mindful decisions about
engaging in behaviors that are consistent with short- and
long-term goals. When participants are randomized to the
autonomous motivation intervention option, they will randomly
receive one of thefollowing modules: (1) guidanceinidentifying
valuesrelated to healthy eating and weight control (eg, longevity
and quality of life) and connecting those valuesto daily dietary
godls, (2) exploring the short- and long-term consequences of
choosing to lapse or stay the course (eg, “Take a moment to
consider the effect on your longevity if you let your preferences
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for sweets determine your behavior”), (3) clarifying values and
thinking about every behavior (including a lapse) as an up or
down vote for their values, or (4) engaging participants in a
brief self-assessment of motivation for dietary adherence. This
intervention option is expected to facilitate dietary adherence
by increasing the salience of participants beliefs about the
importance of their dietary goals.

Self-regulation Intervention Option

The IMS model indicates that participants must have capacity
and ability in order for adherence to occur [27]. The capacity
to adhere, in particular to self-regulate dietary intake and thus
prevent lapse, largely depends on the ability to maintain
awareness of eating behavior [46,47]. The self-regulation
approach to BOT has been extensively tested and encourages
the sdlf-regulation of dietary intake via increased prompts to
intensify self-monitoring of dietary intake [48-50]. A library of
5 independent modul es was devel oped to prompt self-monitoring
and improve self-awareness. When participants are randomized
to the self-regulation intervention option, they will randomly
receive one of the following modules. (1) a prompt to
self-monitor any foods before they are consumed in the next 2
to 3 hours, (2) introduce the traffic light model to improve the
awareness of intake using a quick rule-of-thumb system
especialy when therisk for lapse is high [51], (3) increase the
awareness of portion sizes during heightened lapse risk (eg,
reading labels, weighing and measuring, and portion size guide),
(4) provide a tutorial on noticing hunger and satiety cues and
slowing down the rate of eating, or (5) prompt an awvareness of
end-of-day grazing or mindless eating that may lead to lapses
(delivered during evenings only). The sef-regulation
intervention option is expected to facilitate the necessary
self-regulation strategies required for dietary adherence.

Generic Risk Alert (Active Comparator)

A genericrisk alert intervention option isincluded as an active
comparator to the theory-driven intervention options, as it
controlsfor the potential influence of receiving any notification
of risk. For example, the notification alone could be expected
to influence lapse risk via heightened awareness of behavior.
A library of 3 generic risk alert messages was created (eg, “We
have detected that your risk of lapsing from your weight loss
diet is higher than usual and may require attention”). When
participants are randomized to the generic alert active
comparator, they will randomly receive one of these smple
text-based messages (containing no interactive components or
video).

No Intervention (I nactive Compar ator)

A nointervention option will be used as an inactive comparator
to the theory-driven intervention options and the generic risk
alert. Randomizing to no intervention will control for the
potential impact of being notified of heightened lapserisk, which
could activate any pre-existing strategiesto prevent lapse. When
participants are randomized to the no-intervention inactive
comparator, they will not receive any natification that the lapse
risk is elevated.
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Web-Based BOT Used to Test the JITAI: Rx Weight
Loss

Given that dietary lapses are specific instances of nonadherence
to one or more BOT dietary goals, interventions examining and
targeting lapses must be tested within the context of BOT so
that participants have dietary goals to lapse from. Participants
will be provided with awell-established web-based BOT called
Rx Weight Loss (RXWL). The RXWL program was initialy
developed to facilitate weight lossin 154 primary care patients,
whose mean weight losswas 5.8% (SD 4.4%) of theinitial body
weight at 3 months that was maintained for an additional 3
months [52]. Since then, RXWL has been refined and tested in
multiple contexts (eg, worksites and community settings) and
consistently produces similar weight losses [53-55].

The RXWL program begins with a 30-minute introductory
session in which a member of the research team introduces the
program eating and activity goals, teaches the parti ci pants how
to use RXWL, and provides brief instructions on self-monitoring.
Participants are given agoal of losing 1 to 2 pounds per week
to achieve atotal weight loss of approximately 5% to 10% of
their initial body weight. In order to achieve weight loss, they
are prescribed a calorie goal of 1200 to 1800 kilocalories per
day tailored to their initial weight, given guidelinesto follow a
low-fat or Mediterranean diet [56-58] and asked to gradually
increase their physical activity to 200 minutes per week of
aerobic exercise [59]. Participants are asked to self-monitor
their daily weight, daily dietary intake, and daily physical
activity [60]. Following theintroductory session, RXWL consists
of 12 weekly 10- to 15-minute multimedia lessons for training
in behavioral strategiesfor healthy eating and physical activity.
Lessons are interactive to improve patient engagement; they
incorporate video, animation, audio, quizzes, and exercises for
goal-setting, planning, and problem-solving [61]. Topics are
drawn from gold standard, empiricaly supported weight
management programs such as Look AHEAD and Diabetes
Prevention Program [62,63] and include mea planning,
developing an exercise schedule, restaurant eating, changing
the home environment, obtaining social support, and weight
loss maintenance. Each week, participants submit daily values
for tracked weight, caloric, and physical activity minutesto the
RXWL platform (or thisinformation can be automatically shared
with RXWL if the participant chooses to use the Fitbit app for
self-monitoring). Participants then receive automated feedback
messages on their progressto datein the form of text appearing
on the RXWL platform. Messages contain encouragement for
meeting weight, diet, and activity goals, aswell as strategiesto
improve weight loss if goals are not met. As dietary feedback
is based on average weekly caloric intake, RXWL feedback is
distinct from interventions provided within the J TAI for dietary
lapses, which focus on lapses and triggers occurring at specific
momentsin time. To ensure adeguate engagement with RXWL,
email reminderswill be sent to participants who have not visited
the platform in a given week. Participants will use RxXWL for
3 months and then be asked to continue to follow the dietary
recommendations and self-monitoring during the 3-month
follow-up period (during which time they will be receiving the
JTAI with no accessto RXWL).
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Stage 1: Technical Preparation and Refinement

Although many of the components of the JITAI for dietary
lapses have been extensively piloted, this will be the first time
that it is being hosted on the PiLR Health platform, which
ultimately supports improved scalability and delivery in future
work. The first phase of this trial will therefore consist of a
small refinement study to ensure proper functionality of the
JTAI in PILR Hedth and to identify any barriers to
implementing the study protocol (eg, microrandomization and
assessment procedures). Participants from the target population
(n=15) will completethetria protocol procedures as described
below for 3 months. Participants will complete study
assessments, which include questionnaires and wearing a
wrist-based deviceto passively sense eating behavior at basgline
and a 3 months. Semistructured interviews will be used to
collect feedback at the 3-month assessment visit, during which
time participantswill be queried to identify initial problemsand
potential solutions related to using the JITAI in conjunction
with the web-based BOT. Problems that arise during stage 1
will be resolved before commencing stage 2 (the fully powered
MRT).

Stage 2: The Microrandomization Trial

Overview

Stage 2 will consist of an MRT to evaluate the effects of 4
theory-driven interventions, generic risk alerts, or no
intervention on theimmediate occurrence of dietary lapse during
a 6-month web-based BOT. The participants (n=159) will
receive 3 months of web-based BOT + JTAI, followed by 3
months of JTAI only. The follow-up period alows the J TAI
to be evaluated during active BOT and J TAl-only follow-up
(during which time participants may choose to pursue continued
weight loss or weight loss maintenance). The MRT includes
sequential randomization to intervention options each time the
JTAI identifies heightened lapse risk. The participants will
attend an in-person orientation session, followed by baseline,
3-month, and 6-month assessments. The primary proximal
outcome is dietary lapse (assessed via EMA after the
randomization of intervention options). The secondary proximal
outcome is eating characteristics (measured via wristwatch
device at assessments) following the randomization of
intervention options. Contextual moderators, such as location,
time of day, whether the participant is in active BOT or
follow-up, and the type of lapse trigger will be collected to
fulfill the exploratory aim of this project. Information regarding
JTAI engagement and satisfaction, and weight change will be
collected and used for descriptive purposes. To ensure the safety
of participants and staff during the COVID-19 pandemic,
procedures have been designed such that they can be conducted
via remote means (eg, video calls for study appointments and
wireless scales) and in person. Participantswill be compensated
for completing the study appointments, completing EMA
surveys, and wearing the wristwatch device.

Participant Eligibility Criteria

Thefollowing eligibility criteriaensure a generalizable sample
of individuals with CVD risk who are interested in and would
benefit from weight loss. Inclusion criteriaare asfollows: BMI
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between 25 and 50 kg/m% age between 18 and 70 years;
physician-confirmed diagnosis of prediabetes, type 2 diabetes
mellitus, hypercholesterolemia, or hypertension; able to walk
2 city blocks without stopping; and English language fluency
and literacy at the 6th grade level. Exclusion criteria are as
follows: currently participating in another weight loss program;
currently taking weight loss medication; having lost >5% of
body weight in the 6 months before enrollment; pregnant within
the 6 months before enrollment; plansto become pregnant within
6 months of enrollment; endorses experiencing chest pain during
periods of activity or rest, or loss of consciousness in the 12
months before enrollment; endorses any medical condition that
would affect the safety of participating in unsupervised physical
activity; history of bariatric surgery; and endorses any condition
that would result in an inability to follow the study protocoal,
including terminal illness, substance abuse, eating disorder (not
including binge esting disorder), and untreated major psychiatric
illness.

Recruitment and Enrollment

Participants will be recruited via advertisementsin local media
(eg, newspapers and radio), targeted web-based advertising
(including social media), flyers and advertisements posted in
waiting rooms and examination rooms in primary care offices,
referralsfrom physicianswithin the Lifespan health system and
hospital network, informational materials made available as
part of the health and wellness program for employees in the
hospital network, and direct mailings. Recruitment of men and
minorities will be maximized by tailoring the advertisement
content and placement. Interested individuals will be given a
brief study description and screened viaaweb-based survey or
telephone to determine dligibility. Those who appear €eligible
will be invited to attend an orientation session, where the study
will be described, informed consent will be obtained, and BMI
will be confirmed via height and weight measurements. Before
returning for the basdine visit in approximately 1 week,
participants will be asked to have their physician sign a
permission form that confirms their CVD diagnosis as well as
safety to participate in the weight loss program, complete
baseline questionnaires, adequately record dietary intake for 7
days (at |east two meals or snacks per day), and complete 7 days
of the JITAl EMA protocol (at least 70% of EMA surveys
completed). These procedures ensure that only eligible
participants who are capable and willing to adhere to study
procedures move forward with the remainder of the study. At
the baseline appointment, participants receive a 30-minute
introductory session to the web-based BOT andtrainingin using
the JITAI for dietary lapses.

Microrandomization

Sequential  randomization (or microrandomization) to
intervention optionswill occur viaan algorithm that was created
by the research team and embedded within the PILR Health
system server. Microrandomization begins at the start of the
third week after participants have completed 2 weeks of EMA
without any interventions on their dietary lapses and relevant
triggers. PiILR Health will then use the algorithm and accrued
participant datato microrandomize the delivery of interventions
at each decision point (ie, when a participant is determined to
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be at risk for lapse after completing an EMA survey). The
randomization is independent of prior randomization and
participants’ responses to previously delivered interventions
for lapse [18]. On the basis of pilot work, the predictive
algorithm that guidesthe decision rulein this JITAI isexpected
to predict a heightened state of lapse risk approximately 1 to 2
times per day on average across participants[15]. Thisestimated
average accountsfor potential decreasesin EMA adherence and
thelikelihood of lapse that may occur during the study. Assuch,
each participant will likely be randomized to an intervention
option approximately 180 times over the study period. In
accordance with the primary aim to compare the immediate,
proximal effect of any active intervention option as compared
with no intervention, intervention options will be randomized
based on the following probabilities: 0.4 of decision pointswill
be randomized to no intervention (inactive control), 0.12 to
generic risk aerts (active control), 0.12 to the enhanced
education intervention option, 0.12 to the sef-efficacy
intervention option, 0.12 to the autonomous motivation
intervention option, and 0.12 to the self-regulation intervention
option. As such, a given participant is expected to receive no
intervention at approximately 72 decision points over the study,
and the remaining 108 decision points will be divided equally
among the 5 remaining intervention options (approximately
21-22 each).

M easures

Participantswill compl ete assessments with aresearch assistant
who does not need to be blinded because of sequential
randomization at baseline, 3 months, and 6 monthsto complete
the measures. Outcomes collected viathe JITAI EMA will occur
6 times per day over the 6-month study period.

Primary Proximal Outcome Measure

As in several previous trials conducted by the research team
and others, dietary lapses will be assessed via EMA [6,7,64].
EMA typically captures naturalistic eating behavior better than
|ab-based tasks because near real -time reporting hasthe potential
to reduce bias and improve validity [13,65,66]. Participants will
be asked at each EMA survey to report whether they have
experienced adietary lapse sincethe last survey. A dietary lapse
will be defined asany “eating or drinking likely to cause weight
gain and/or put weight loss/maintenance at risk.” Participants
will be asked to record the time of the lapse and will be asked
to describe the lapse using the following select all-that-apply
options: “I ate a larger portion of a meal or snack than |
intended,” “I ate when | had not intended to eat,” or “I ate a
type of food that | intended to avoid.” Participantswill betrained
to identify and report dietary lapses at the baseline visit and
retraining will occur at 3- and 6-month visits.

Secondary Proximal Outcome Measures

Wrist-based accelerometry will be used to passively infer the
frequency of eating, duration of eating episodes, rate of eating,
and estimated count of bitesduring eating. Thegoal of including
these objectively measured eating characteristics isto examine
the potentia effects of the J TAI intervention options on eating
behaviorsthat are difficult to capture via self-report (eg, longer
duration of eating [67], Slower eating [68], more regular eating

JMIR Res Protoc 2021 | vol. 10 | iss. 12 |e33568 | p.126
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

patterns [69], and more bites per meal). Participants will wear
the ActiGraph GT9X Link (ActiGraph, LLC) on their dominant
wrist for 2 weeks at each assessment point (first 14 days of
treatment, 3 months, and 6 months). Although the ActiGraph
is typically used to measure physical activity and sleep, the
inertial measurement unit, which contains an accelerometer and
agyroscope, allowsfor the detection of acharacteristic wrist-roll
motion that occurs when food is brought to the mouth. These
datawill be analyzed using eating detection and characterization
algorithms that have been extensively developed and validated
by the research team [20,70-73]. These studies have shown that
wrist-roll patterns and velocity can be analyzed to infer the
timing and duration of eating with approximately 81% accuracy
and estimate the number of bites taken during ameal with 86%
sensitivity [20,71]. Both metrics can then be used to calculate
the rate of eating (seconds/bite) [20]. After inferring and
characterizing eating episodes, the following variables will be
calculated: number of eating episodes, the average duration of
eating episodes, total duration of eating, average bites taken
during each episode, total bites taken, and the average rate of
eating. During the baseline assessment period, these variables
will be calculated at the day level and used descriptively because
microrandomization will not take place. During the 3- and
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6-month assessment periods, these variables will be calculated
at the level of microrandomization (eg, 2-3 hours between
intervention access and the next EMA survey).

Tailoring Variables

Each JTAI EMA prompt will measure tailoring variables that
have been previously validated for lapse prediction across
several pilot studies [7,15,23]. The data will be used by the
predictive decision rule agorithm to determine whether an
individual islikely to be in a state of heightened lapserisk. The
following tailoring variableswill be assessed: hunger, cravings,
missed meals or snacks, presence of tempting food, urges to
eat, socializing (with and without food), watching television,
affect, negative interpersonal interactions, seeing advertisements
for food, hours of sleep, fatigue, confidence, planning meals
and snacks, boredom, cognitive load (ie, amount of cognitive
difficulty during everyday tasks), level of motivation for weight
loss, acohol consumption, and time of day (automatically
recorded by PILR Heath). Each EMA question and the
respective response options that will be used to measure the
tailoring variables are featured in Table 1. As described in the
analytic plan, tailoring variables will aso be evaluated as
exploratory contextual moderators (eg, if the presence of a
particular trigger impacts the efficacy of intervention options).

JMIR Res Protoc 2021 | vol. 10 | iss. 12 |€33568 | p.127
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Goldstein et d

Table 1. Just-in-time adaptive intervention tailoring variables that inform the determination of heightened states of risk for dietary lapse.

Tailoring variable

Ecological momentary assessment question

Response options

Missed meal or snack

Affect

Fatigue

Hunger

Boredom

Motivation for weight loss

Cravings

Urgesto eat

Cognitive load

Confidence

Socializing

Watching television

Interpersonal interactions

Presence of tempting foods

Food advertisements

Planning meals or snacks

“Have you eaten since the last survey?’

“Please rate your current mood”

“Do you feel tired right now?’

“Areyou hungry right now?’

“Areyou bored right now?’

“Compared with other thingsin your life, isweight control a high pri-
ority for you right now?’

“Areyou experiencing a craving (an intense desire or urge to eat a
specific food) right now?’

“Sincethelast survey, have you had asudden urgeto go off your eating
plan for the day?’

“Since the last survey, please rate the difficulty of tasksthat you have
been working on in terms of the mental effort required (eg, work,
planning, decision-making).”

“How confident are you that you can meet your dietary goalsfor the
rest of the day?’

“Sincethelast survey, have you engaged in socializing with coworkers,
family, or friends?’

“Since the last survey, have you watched TV?’

“Since the last survey, have you had an unpleasant encounter with an-
other person?’

“In the past hour, would it have been easy to access delicious (but un-
healthy) food/drink?’

“In the past hour, have you seen an advertisement for food?’

“To what extend have you planned your eating in the next few hours?’

Yes
No

| am in an especially good mood
| am in agood mood

| feel dlightly stressed/upset

| feel very stressed or upset

| feel intensely stressed or upset

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Yes
No

Requiring amost no mental effort
Requiring slight mental effort

Requiring moderate mental effort
Requiring most of my mental effort
Requiring amost all of my mental effort

Not at all
A little bit
Somewhat
A lot
Very
Extremely

None
Yes, and there was food present
Yes, and there was not food present

Yes
No

Yes
No

Yes
No

Yes
No

Not at all
Slightly
Moderately
Very
Extremely
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Tailoring variable Ecological momentary assessment question

Response options

Alcohol consumption

Sleep

Time of day Automatically recorded by the PiLR app

“Since the last survey, have you consumed any alcohol ?’ .

“How many hours of sleep did you have last night?’

Yes
. No

(Numeric response)

Automatically recorded in PILR

Contextual Moderators

Contextual moderators will be used to further optimize
intervention delivery within the JITAL. In addition to informing
the JI TAI decision rule, the above-described tailoring variables
will be evaluated as contextual moderators (eg, if the presence
of a particular trigger impacts the efficacy of intervention
options). In addition, analyseswill explore potential moderators
of location (self-reported viaEMA asdescribed in Table 1) and
whether the participant is in active BOT or JITAl-only
follow-up.

Measures for Descriptive Purposes

Engagement and Satisfaction

Engagement with the JITAI (ie, the degree to which surveys
and interventions within the JTAI were completed) will be
assessed via PiLR Health. The following information will be
automatically timestamped by the server: EMA surveys
delivered, EMA surveys completed, interventions delivered,
interventions accessed, and any responsesrecorded ininteractive
content. From thisinformation, the percentage of EMA surveys
completed, percentage of interventions accessed, and percentage
of interventions with recorded participant interaction will be
calculated. Participants will be asked to indicate satisfaction
with theintervention content using a 5-star rating system (1 star
is least helpful and 5 is the most helpful) at the conclusion of
each module [74].

Participant Characteristics

Demographic information, health, and weight history will be
assessed at baseline. Weight will be measured to the nearest 0.1
kg using a digital scale at each assessment; height will be
measured to the nearest millimeter with a stadiometer at
baseline, using standard procedures. Measurementswill be made
in light indoor clothing without shoes. Height and weight are
measured solely for descriptive purposes and are to be used in
reporting.

Analytic Plan, Sample Size, and Power Estimates

Analytic Plan

Statistical analysiswill follow good practicesfor the evaluation
of RCTs as embodied in the Consolidated Standards of
Reporting Trials statement [75]. Preliminary analyses will
include descriptive statistics and exploratory graphing for all
variables of interest that are measured at all assessment points.
Initial exploratory dataanalysiswill be used to identify outliers,
such as measurement and recording errors, logical
inconsistencies in data, and values extreme in the marginal
distributions of the variablesin question. Key baseline variables
(eg, baseline BMI, age, and sex) will be considered for use as
covariates in the proposed analyses. Missing data will be
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imputed using a multiple imputation approach and outcome
models averaged across imputations to adhere to the
intent-to-treat principle. A sensitivity analysis will explore the
impact of various assumptions about missing data on study
results, including assumptions that the outcome (lapses) is
missing not at random, as participants may be more likely to
skip surveys when they have lapsed.

Generalized multilevel modelswill be used to eval uate the study
aims [76,77]. These types of models alow for increased
statistical power, account for a hierarchical data structure (eg,
observations nested within individual swithin days), and include
all participants regardless of whether there are missing data at
particular time points[78]. First, ageneralized multilevel model
will be used to examine the effect of any intervention (4
theory-driven interventions and generic risk aert) compared
with the no intervention condition on the occurrence of lapse
(aim 1). Whether anintervention is provided at adecision point
will be used to predict each participant’s probability of reporting
a lapse in the following EMA survey. Next, an interaction
between the intervention indicator variable and the week in
which theintervention occurred will be added to test timetrends
in intervention effects [79]. Different distributions and link
functions will be evaluated by comparing and assessing model
assumptions and goodness-of-fit measures. Restricted maximum
likelihood will be used to estimate the model parameters and
to test the significance of random effects. Statistical significance
will be accepted when P<.05 (2-tailed) and the estimated
coefficient for the predictor (without accounting for the time
trend) will represent the overall (average across all decision
points) effect of delivering any intervention versus providing
no intervention on the probability of Iapse.

Second, similar methods will be used to build generalized
multilevel models that examine the efficacy of the 4 individual
theory-driven intervention options, compared with the generic
risk alert, on theimmediate occurrence of lapse (aim 2). Intotal,
4 intervention indicator variables will be used separately to
represent whether each of the 4 theory-driven interventionswas
provided at a decision point, which allows for the comparison
of the average effects of the theory-driven intervention options
versus the generic risk alert on the probability of reporting a
lapse in the next EMA survey. A comparison among the
intervention optionswill beinformed by estimated effect sizes.

Aim 1 and aim 2 analyses will be repeated to evaluate the
immediate effects of intervention options on objectively
measured eating characteristics at 3 and 6 months. Generalized
multilevel models will be used to examine the effects of
intervention indicators on the number of eating episodes detected
via ActiGraph between the decision point and the next EMA
survey, and the duration, rate of eating, and number of bites
taken per eating episode recorded during that period.
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Intervention indicators will be allowed to interact with the day
of assessment (eg, day 1 vsday 14 of wear time) and assessment
period (eg, baseline vs 3 months) to account for potential time
trends in intervention effects. In addition to other key
demographic variables (eg, basdline BMI, age, and sex),
ActiGraph wear time (hours per day that the device was worn)
will be considered as a potential covariate.

Third, potential contextual moderators (ie, time of day, location,
active treatment vsfollow-up, and type of lapse trigger) will be
added to the above-described generalized multilevel modelsto
further inform JITAI optimization (exploratory aim). Moderators
will be allowed to interact with the intervention indicators to
determine whether these variables moderate the effect of the
intervention on probability of reporting alapseinthe next EMA
survey. Meaningful moderatorswill have interaction termsthat
are satistically significant at the P<.05 level. Statistically
significant interactions will be interpreted by plotting smple
regression lines for each level of categorical variables or for
high and low values of continuous variables. Given the
exploratory nature of thisaim, analyseswill not formally control
for multiple comparisons, but claims about resultswill be made
with appropriate caution.

All analyses will be conducted on the intent-to-treat sample
(every instance of microrandomization and subseguent
intervention delivery will beincluded inthefinal analysis), and
several assumptions about the missing data mechanism will be
evaluated. Sensitivity to these assumptions will be tested by
collecting follow-up information on al participants (including
dropouts), and loss-to-follow-up censoring will be employed.
In total, 3 statistical approaches for handling missing data will
be compared: amultiple imputation approach to impute missing
outcomes, inverse probability weighting with propensity scores
to produce unbiased estimates provided that data are missing
at random, and pattern mixture models to alow for the
possibility that data are not missing at random.

Sample Size and Power Estimates

The sample size requirements of this trial were based on
analyses proposed to accomplish both aim 1 (ie, compare the
effects of no intervention option and any intervention option)
and aim 2 (ie, compare the effects of theory-driven intervention
options and the active comparator to one another). Statistical
power and sample size were calculated according to the
established procedures for powering MRTS, as described by
Liao et al [17], which enable robust treatment effect estimation
using the centered and weighted | east squares method [80]. On
the basis of previouswork, participants are expected to average
180 poaints of randomization during the trial with an assumed
100% availability (because a participant in an
algorithm-determined heightened state of lapse risk will have
just completed an EMA survey, indicating that they are near a
smartphone and able to engage [15]).

The sample size calculation began with aim 2, given that the
minimum clinically significant difference among active
intervention options will likely be smaller than comparing no
intervention with any intervention. Using available data from
previous studies, a standardized effect size of 0.1 for aim 2 was
calculated (which corresponds to a minimum clinicaly
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significant difference of reducing lapses by an average of 1
lapse per week, with an SE of 3.27). A reduction of 1 lapse per
week is estimated to be associated with an additional 2.6%
weight lossover 6 monthsfor asingleintervention option, which
could substantially boost the overall proportion of participants
achieving meaningful weight losses. The estimated number of
decision points available in which any of the 2 single
intervention options were delivered is 43 (180 total decision
points x 0.24 probability of delivering either of 2 intervention
options). Thus, the required sample size to detect any given
contrast between intervention options in aim 2 at 80% power
and 0.05 type 1 error rateis 106. Inflating this number by 50%
to account for the binary nature of the proximal outcome brings
therequired sample sizeto 159. For aim 1, alarger standardized
effect size of 0.153 was estimated that corresponds to reducing
lapses by an average of 2 lapses per week with an SE of 3.27.
With the projected sample size of 159, type 1 error rate of 0.05,
180 decision points at which either intervention or no
intervention was provided, and 0.60 probability of providing
any intervention option, there will be at least 90% power to
detect the specified effect for aim 1.

Stage 3: Application of MRT Resultsfor Optimization

Stage 3 of this trial will involve using the results of the MRT
to inform additional algorithms that will ultimately optimize
intervention delivery withinthe J TAI for dietary lapses. Results
from aims 1 and 2 will contribute to an understanding of the
most effective intervention for preventing the immediate,
proximal occurrence of dietary lapse, whereas results from the
exploratory aim will inform which interventions are effective
in a particular context (eg, if the autonomous motivation
intervention option is effective in the afternoon vs other times
of day). Together, these findings will be used to optimize the
current JITAI decision rule (ie, deliver an intervention whenever
any participant isin aheightened state of lapserisk) by training
the intervention delivery algorithm to also consider contextsin
which certain types of intervention options should be delivered.
Theresulting new decision rule a gorithm, ideally using models
that are minimally computationally intensive and easy to
interpret (eg, regressions and decision trees), will be dynamic
and personalized by considering baseline variables (eg, sex,
age, race, ethnicity, and baseline BMI), specific trigger types
(eg, feelings of hunger vs feelings of boredom), and context
(eg, location and time of day). Thefinalized JTAI will no longer
randomize intervention but administer the intervention option
likely to have the greatest effect under the current risk
conditions. Stage 3 ensuresthe development of an optimal J TAI
for dietary lapses that is ready to be tested in a future RCT to
evaluate the effects on distal clinical outcomes such as weight
and CVD risk.

Results

This study was funded by the National Heart Lung and Blood
Ingtitute (Multimedia A ppendix 1). As of the date of submission
of thismanuscript, thetria isongoing. Datacollection for stage
1 began on April 19, 2021, and has been completed. Stage 2
recruitment is scheduled to begin by October 1, 2021. As this
research involves no more than minimal risk, there will be no
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interim analysis, and data and safety monitoring will occur in
accordance with guidelines by the National Institutes of Health
and the Institutional Review Board of record. Ethical approval
was granted by the Miriam Hospital Institutional Review Board.

Discussion

Anticipated Findings

Overweight and obesity remain major public health concerns
[81,82]. BOT isarecommended first-line trestment for weight
loss and has the potential to reduce the severity of CVD risk
factors [1-4]. However, nonadherence to the prescribed diet in
BOT (ie, dietary lapse) has been shown to prevent many
individual sfrom achieving expected weight loss outcomes|[5,6].
Although gold standard BOT protocols typically provide
behavioral strategies that are intended to promote dietary
adherence (eg, stimulus control and meal planning), these
interventions do not appropriately account for the complex,
momentary, and dynamic nature of the numerous potential
triggers of dietary lapses in everyday life [12]. Instead, a
smartphone-based JITAI for dietary lapsesthat assesses potential
triggers for lapse via EMA and provides intervention during
heightened states of lapse risk, is a scalable approach that has
shown promisefor improving dietary adherencein BOT [15,16].
This clinical optimization trial represents a critical next stepin
developing thisJ TAI for dietary lapses, aiming to optimizethe
approach by empirically taloring the provision of an
evidence-based intervention to the individual and the context.

This study will use a JTAI to compare which theory-driven
interventions (vs no intervention or ageneric alert to lapse risk)
have animmediate, proximal impact on dietary lapsesand other
characteristics of eating behavior (eg, rate of eating and bite
count). The resultswill establish, for thefirst time, whether the
provision of in-the-moment intervention during heightened
states of lapserisk hasadirect effect on preventing lapse. These
data will inform the optimization and refinement of the JITAI
by revealing which types of interventions and in what contexts
have the greatest impact on lapse [18,79]. Using this formative
work to optimize the JTAI now ensures that the intervention
is maximally effective, efficient, and directly targets the
proxima outcome of interest (ie, dietary lapses) before
conducting a future RCT to evaluate the efficacy of the JITAI
for improving weight loss and reducing CVD risk [18].

An MRT design will be used to examine immediate, proximal
effects of intervention options on lapse and thus provide the
necessary datato optimize the JITAI. Rather than randomizing
anindividua only onceto asingletreatment, asistypical inan
RCT, the MRT uses sequentia randomization to repeatedly
randomizeindividualstointervention at specific instances based
on their current state or context (in the current trial and
heightened lapse risk) [17,19]. As each participant will be
randomized approximately 180 times over the course of the
study, the design requires fewer participantsto achieve sufficient
power to detect the proxima main effect of an intervention
option. In contrast, using a traditional RCT to optimize this
JTAI would require numerous participants across 6 intervention
conditions and would not be able to directly compare
intervention options within subjects. The MRT is therefore a
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major strength of this research, asit accelerates the trandlation
of research to practice by answering several research questions
within one study using fewer participantsthan atraditional RCT
[83,84].

This project will be thefirst known implementation of an MRT
protocol to optimizeaJITAI on the proximal outcome of eating
behavior. Across the field of health behavior change, MRTs
remain novel; there are several MRTs in the process of
optimizing JITAls in the areas of physica activity [85,86],
smoking cessation [87,88], stress management [88], mood [86],
medication adherence [89], and substance use [90,91]. A
recently completed MRT to increase self-monitoring in a
commercial wellness app for lifestyle behaviors found that
sending promptswith tail ored suggestions (vstail ored feedback)
significantly increased the odds of self-monitoring and that the
frequency of engagement with the app moderated this effect
(eg, as frequency of self-monitoring increased and sending
prompts with suggestions reduced the odds of engagement)
[92]. The results of this trial demonstrate the way in which
MRTSs provide crucia information about how context impacts
intervention efficacy. One of the most influential MRTs was
the microrandomized optimization trial of HeartSteps, which
has provided a guiding framework for harnessing the MRT
design for JTAI optimization [18]. The trial evaluated the
efficacy of different types of suggestions to increase physical
activity viathe HeartSteps mobile app [79]. Theresultsreveaed
that providing awalking suggestion (vs ho suggestion) increased
step count by an average of 24% and that suggestionsto reduce
sedentary time did not affect step count. The study also found
that the efficacy of suggestions in HeartSteps was initialy
stronger and diminished over the course of the study. The
HeartSteps trial has informed several methodological and
practical guidelines for executing MRTs [17,19,93,94] and
provided a rich data source to optimize future versions of
HeartStepsviainnovative algorithmsthat personalize the content
and timing of activity suggestions [95-97].

A major strength of the proposed JITAI for dietary lapsesisthe
use of previously validated machine learning algorithms to
determine the heightened states of lapse risk. Machinelearning
has enormous possibility for informing precision medicinetools,
the ability to make sense of vast amounts of individual data
through dynamic agorithms enables highly sophisticated and
nearly automatic patient feedback [98-100]. One aim of the
proposed MRT is to develop additional algorithms that can
dovetail with the current decision rule infrastructure, resulting
in an even more precise and potent JITAI for lapses. For
example, datafrom this MRT can support simulation studiesto
develop reinforcement learning algorithms that continuously
adapt the provision of support to changing contexts between
and within individuals [96]. There is also potential for these
data to be used in a warm start fashion, which would involve
using participant datafrom thisMRT to boost effectivelearning
more quickly in future versions of the JTAI for lapses [97].
Both of these examples demonstrate how products resulting
from this MRT can optimize future versions of this JTAI for
lapses, but also lead to important methodological discoveries
in using personal health data to inform precision medicine.
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In addition, systematic evaluation of the efficacy of
theory-driven interventions will allow the findings from this
MRT to advance the science of dietary lapse etiology and
prevention specifically and nonadherence more generally. As
dietary lapsesarerelatively understudied, it isnot known which
theory-driven approaches to behavior change will be most
effective for preventing lapses during heightened lapse risk
[101,102]. The MRT will provide important data about the role
of each theory-driven intervention in preventing lapse and how
these roles may change over time and across different contexts
[18]. For example, if the motivation intervention option is
effective in reducing dietary lapse and this effect is moderated
by whether a participant isin active treatment or follow-up, this
might indicate that motivation isan important momentary factor
contributing to adherence, especially during JITAI-only
follow-up. The results of this MRT will therefore contribute to
the development of more dynamic theories of adherence or
nonadherence behavior by directly comparing the immediate
effects of multiple behavior change theoriesrepeatedly over the
course of abehavioral intervention [11].

Limitations

This study also has several notable limitations. First, the J TAI
for dietary lapse is currently solely reliant on EMA, which
improves the rigor of self-report but also incurs a high level of
participant burden. Although, previous work indicates that
participants are willing to respond to EMA prompts 6 times per
day, there is a high priority for this research to transition to
passively sensed dietary lapses or relevant triggers [64,103].
Second, the selected theory-driven intervention options to be
evauated in this MRT are based on the best available, but
nonetheless static, model of adherence behavior. Without a
dynamic model of behavior to guide the selection of intervention
options, there is arisk that the interventions within this JITAI

Acknowledgments

Goldstein et d

do not fully appreciate the known complexity of dietary
adherence behaviors[101]. This MRT isdesigned such that the
results are expected to inform dynamic models of behavior for
future studies. Third, the analytic plan does not adjust for
multiple comparisons with regard to the exploratory analyses
that will be used for JTAI optimization. The results of these
analyseswill be interpreted with caution, and a distinction will
be made between findings from the stated primary aims and
exploratory analyses to develop and refine future iterations of
the JITAI. Finally, study procedures have been modified such
that they can be delivered in-person and remotely in response
to the COVID-19 pandemic. The assessment of primary and
secondary study outcomes, involving EMA and wrist-based
eating detection and characterization, will remain unaffected
by these changes, but other descriptive measures (eg, height
and weight) may be affected.

Conclusions

This project targets dietary lapses, which are a major cause of
poor outcomes during BOT. An MRT will be used to test 4
possible theory-driven intervention options within aJJITAI that
monitors risk and intervenes on lapses as needed. The primary
proxima outcome is the occurrence of dietary lapse, as
measured via EMA, between when the intervention was
delivered and the next EMA prompt. Secondary proximal
outcomes of interest are objectively assessed eating
characteristics via wrist-worn device. Contextual moderators
of intervention efficacy, such as location and time of day, will
be explored. Data from the MRT will inform additional
algorithms to personalize the timing of intervention delivery,
thus optimizing the JITAI such that it has the greatest potential
to show clear clinical impact in future RCTs and pragmatic
trials.
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