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Abstract

Background: N-of-1 trials promise to help individuals make more informed decisions about treatment selection through
structured experiments that compare treatment effectiveness by alternating treatments and measuring their impacts in a single
individual. We created adigital platform that automates the design, administration, and analysis of N-of-1 trials. Our first N-of-1
trial, the app-based Brain Boost Study, invited individual sto compare theimpacts of two commonly consumed substances (caffeine
and L-theanine) on their cognitive performance.

Objective: The purpose of this study is to evaluate critical factors that may impact the completion of N-of-1 trialsto inform the
design of future app-based N-of-1 trials. We will measure study completion ratesfor participants that begin the Brain Boost Study
and assess their associations with study duration (5, 15, or 27 days) and notification level (light or moderate).

Methods: Participantswill be randomized into three study durations and two notification levels. To sufficiently power the study,
aminimum of 640 individuals must begin the study, and 97 individuals must complete the study. We will use amultiple logistic
regression model to discern whether the study Iength and notification level are associated with the rate of study completion. For
each group, we will also compare participant adherence and the proportion of trials that yield statistically meaningful results.
Results: We completed the beta testing of the N1 app on a convenience sample of users. The Brain Boost Study on the N1 app
opened enrollment to the public in October 2019. More than 30 participants enrolled in the first month.

Conclusions: To our knowledge, thiswill bethefirst study to rigorously evaluate critical factors associated with study completion
in the context of app-based N-of-1 trials.

Trial Registration: Clinical Trials.gov NCT04056650; https://clinicaltrials.gov/ct2/show/NCT04056650
International Registered Report Identifier (IRRID): PRR1-10.2196/16362

(JMIR Res Protoc 2020;9(1):€16362) doi:10.2196/16362

KEYWORDS

crossover trials, mobile apps; adherence; nootropics, N-of-1 trials; attrition; study duration; usability; motivation; cognition;
mHealth; randomized controlled trial
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Introduction

Background

The purpose of this study isto evaluate factors that may impact
study completion and adherence in the context of app-based
N-of-1 trials. A common challenge for digital research studies
is the poor engagement of users [1]. The “law of attrition,” as
Eysenbach described it in 2005, is of special concern to
app-based N-of-1 studies. Unlike a conventional, two-arm,
randomized controlled trial (RCT) where a minimum sample
sizeiscalculated to detect atreatment effect that also takesinto
account an expected rate of attrition across the enrolled
population, N-of-1 trials operate at the level of the individual,
and there is 1 participant per trial. Typically, in an N-of-1 trial,
an individual alternates between treatments (ie, “multiple
crossover”), and outcomes are measured during each treatment
period [2,3]. If there is attrition and the participant fails to
complete an N-of-1 trial, thereis no result for that individual.

Moreover, if a participant completes an N-of-1 trial, the result
may dtill fail to achieve a level of statistical meaningful ness,
especialy for shorter trial durations. In this way, any person
that aims to design an N-of-1 tria that is capable of informing
decision-making for treatment selection for asingle individual
must strike the right bal ance between the ease of trial completion
and the generation of meaningful results. Therefore, we aim to
collect evidence about critical factors that may impact rates of
study completion in the context of app-based N-of-1 trials. We
hope these findings will inform the design of future app-based
N-of-1 trials and improve the adoption of N-of-1 methods and
tools.

N-of-1 Trials

N-of-1 trials create an opportunity for individuals to optimize
treatment selection more systematically. In contrast, “therapy
by trial” isamore common practicein both wellnessand clinical
medicine and iswhere individual s begin a therapy and monitor
outcomes, often without much formal structure. If a treatment
is deemed ineffective or introduces intolerable treatment
burdens, a change to the treatment is made. N-of-1 trialsare an
alternative approach designed to help individuals make more
objective, data-driven treatment choices.

Usually, in an N-of-1 trial, an individual alternates between
treatments, and outcomes are measured during each period [2,3].
Where feasible, treatments may be blinded or
placebo-controlled. Outcomes are measured at baseline and
each treatment period. At the end of the trial, outcome
measurementsfor each treatment are compared, and atreatment

https://www.researchprotocol s.org/2020/1/€16362
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is selected. N-of-1 trials are particularly relevant in contexts
where evidence for treatment efficacy is weak or where
treatment response is known to vary across patient populations
[2]. N-of-1 trialsmay al so be deployed to answer other common
treatment questions, such as optimal dosage or whether a
symptom is associated with a treatment’s side effects [2]. In
what is considered alandmark paper for modern N-of-1 trials,
Guyatt and colleagues applied this methodology to compare
two treatmentsin asingle patient with uncontrolled asthmaand
discovered that one treatment made the patient feel worse[4,5].

N-of-1 trials are not useful in every treatment context.
Treatments with rapid onset and minimal washout are ideal
candidates for N-of-1 trials, whereas curative treatments or
treatments with cumulative effectiveness (eg, antidepressants)
are not. N-of-1 trials are suitable for individuals with chronic
or stable conditions. For example, one might compare melatonin
versus herba tea for chronic insomnia, and another might
compare the effectiveness of two topical creams for persistent
acne[2].

Hypotheses

The primary hypothesis is that shorter trials will have higher
rates of completion compared to longer trials. The null
hypothesisisthat no correlation exists between study completion
and study duration. We also hypothesize that higher rates of
study completion will be achieved with more frequent reminders
to complete study tasks, in the form of app-based notifications,
especialy since the Brain Boost Study requires participants to
compl ete tasks during a specific window of time each day during
thetria. The null hypothesisisthat no correlation exists between
study completion and notification level.

Methods

Study Setting

All study activities are conducted through the N1 app, a
smartphone iOS app distributed via the Apple App Store. We
will primarily recruit participants via social mediaand through
messages to online communities where there is documented
interest in the topics of nootropics, supplements, medical
science, or health technology. The informed consent process
takes place remotely through the app, as described elsewhere
[6]. Participants may contact the study staff at any time via
email with questions or concerns. We have a designated health
care professional on the study team to follow up on
participant-reported, health-related concerns that are related to
their participation in the Brain Boost Study. Participant flow
through the study is described in Figure 1.
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Figure 1. Participant flow through the Brain Boost Study using the N1 app. E-consent: electronic consent.
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s View individual results
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|
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Eligibility Criteria

Adults aged 18 or older who have an iPhone running iOS 11.0
or later, consume caffeine, and live in the United States are
eligibleto enrall in the study. Exclusion criteriainclude anyone
with reason to believe that consuming caffeine may be harmful
totheir health, are pregnant, or are breastfeeding. If aparticipant
is unsure about whether they have a health issue that prevents
them from consuming caffeine, they are advised to consult their
doctor but are still eligible for the study.

Study Design

This study aims to evaluate a novel platform for conducting
single-patient, multiple crossover studies (N-of-1 trials). For
purposes of clarity, this protocol describes our methodsto assess
factors associated with study completion, along with several
exploratory measures and analyses. The study design,
interventions, cognitive assessment instruments, and methods
for evaluating whether there is a detectabl e treatment effect for
anindividual participant enrolledin the Brain Boost Study based
on their performance on the cognitive assessments are described
elsewhere [6]. Participants enrolled in the Brain Boost Study
follow atreatment schedule, guided by amobile app (N1 app),
where they aternate between the two treatments. caffeine
(treatment A) or caffeine combined with L-theanine (treatment
B) during a prespecified window of time. Participants are also
asked to complete an app-based cognitive assessment during a

https://www.researchprotocol s.org/2020/1/€16362

prespecified window of time each day. The daily cognitive
assessment includes three separate cognitive tests. the Stroop
Test, the Remote Associates Test, and the Trailmaking Test [6].
They complete their tasks during one baseline period (where
no treatment is assigned), and during four treatment periods
where either treatment A or treatment B is assigned according
to counterbalanced block design. Participants are not
compensated, and the app is free to use. Only after atria is
completed does a participant seetheir results from the cognitive
assessments.

Randomization

The study duration is either 5, 15, or 27 days. Participants will
be randomized into study duration according to the allocation
of 20%, 60%, and 20%, respectively. The uneven alocation to
study duration was chosen out of consideration for the trade-offs
between various study lengths. While we hypothesize that 5-day
study lengths are morelikely to be completed, they areaso less
likely to generate a meaningful result due to the small number
of outcome measures. On the other hand, 27-day studies are
more likely to generate ameaningful result with more repeated
outcome measures, but we hypothesize that they aremore likely
to result in early withdrawal. Allocating more people to the
15-day study is a reasonable compromise between these two
extremes, which is reflected by our decision to alocate more
participantsinto this group while maintaining a sufficient sample
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size for each group to assess our primary outcome measure, as
described below.

Notification level is defined asthe frequency participantsreceive
remindersto complete study tasksandiseither light or moderate.
Participants are randomized into the notification level, such that
50% of participants arein each group. Participants randomized

Table 1. Notification levels for the Brain Boost Study.

Bobeet d

into the light notification group receive two notifications per
day: one reminder to take their treatment and one reminder to
complete the assessment (see Multimedia Appendix 1).
Participants randomized into the moderate notification level
receive 4-5 notifications per day: 2 reminders to take their
treatments and 2-3 remindersto complete their assessment (see
Table 1).

Notification level Treatment reminders

Assessment reminders

Light « Attreatment time

Moderate e 15 minutes before
o Attreatment time

« At assessment time

« 15 minutes before

« At assessment time

« 15 minutes before the end of assessment
window, only if the assessment isincomplete
at thistime

M easures

The Proportion of Studies Completed

The primary outcome of interest is the proportion of studies
completed. A study is considered complete if a participant
reaches the end of atrial without a study failure (involuntary
withdrawal) or voluntary withdrawal. A study failure occurs
when thereisinsufficient data generated during baseline or any
treatment period due to missed treatments (self-reported) or
incompl ete assessments. Participants must complete all assigned
treatment and assessment tasksfor 1/3 of the daysin each period
to avoid study failure and involuntary withdrawal, except for
the 5-day study where all tasks must be completed each day
because there is only one day per period. For the 15-day and
27-day trids, we inevitably expect participants to miss some
tasks during these periods, so we wanted to allow for some
nonadherence. While the requirement of task completion for
1/3 of the days in each treatment period is somewhat arbitrary,
the choice of 1/3 of the days means that, at a minimum,
completed 15-day trials will at least have the same amount of
data as completed 5-day trialsand are a so likely to have more.
We applied the same criteria to the 27-day trial so that the
criteria for study failure are uniform across al three study
durations. It is also worth noting that the 3 study lengths are
primarily dictated by our randomized, counterbalanced,
crossover design that definesN-of-1 trials: NABBA or NBAAB,
where N is baseline, A is treatment period A, B is treatment
period B, and AB or BA is ablock. The minimum N-of-1 trial
for acounterbalanced design with two blocksisfivedaysif you
have only one day per treatment period and one day of baseline.

We anticipate that a 27-day trial approaches what is likely to
be the maximum number of days we could expect people to
participate with reasonable adherence for this study, which
requires daily tasks. The 15-day trial splits the difference
between these two extremes. Put another way, we choseto vary
treatment period lengths by one day for the 5-day trial, three

https://www.researchprotocol s.org/2020/1/€16362

daysfor the 15-day trial, and five days for the 27-day trial. We
could have selected adifferent design, such astreatment periods
that are 1, 2 and 3 days long rather than 1, 3 and 5 days long
for each group; however, to evaluate the impact of study
durations and notification levels on completion rates, we
reasoned it would be better to have a more extensive spread
across the three groups.

Adherence

Treatment adherence is recorded as true for days when a
participant completes a cognitive assessment and does not report
treatment nonadherence. A participant is instructed to report
any treatment nonadherence (eg, a missed treatment or the use
of caffeine on abaseline day) in the app during thetrial. At the
end of thetrial, participants are prompted to review a summary
of their treatment adherence and may, if necessary, record
missed treatments at this time as well. Assessment adherence
is recorded as true when a participant completes al three
cognitive testsin adaily cognitive assessment according to the
user-specified schedule. Otherwise, assessment nonadherence
isrecorded (for both incomplete assessments and assessments
that were not started). Daily adherenceisrecorded astruewhen
aparticipant achieves both treatment adherence and assessment
adherence for a given day during the trial.

We will also measure trial adherence, which is defined as the
proportion of total actions completed by a participant during a
trial. Here total actions are defined as the number of requested
treatment actions (to take a treatment or abstain from all
treatments) plus the number of requested assessment actions
(take acognitive assessment) during atrial. During the baseline
period, participants take two actions per day in the form of
abstaining from treatments and completing one cognitive
assessment. During a treatment period, participants take two
actions per day in the form of taking one treatment plus
completing one cognitive assessment. The total number of
actions reguested, and the minimum number of actionsrequired
for each study duration are outlined in Table 2.
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Table 2. Total number of actions requested, and the minimum number of actions required for each study duration.

Study duration Total number of actions requested Minimum number of actions required to avoid study failure
5-day study 10 10
15-day study 30 10
27-day study 54 22

Motivation and Notification Levels

Before the trial begins, we will ask participants to self-report
their mativation level to learn their results on a 5-point ordinal
scale (see Multimedia Appendix 2). Also, participants will be
randomized into two notification levels (light or moderate).
However, since Apple does not allow iOS apps submitted to
the App Store to require that users allow app notifications, we
will aso record the number of participants that turn off
notifications. We anticipate that the number of individuals that
turn off notifications will be rare, in part due to a warning
message we included as a modal in the app that discourages
this behavior, dueto the likelihood of failure to complete study
tasks according to the user-specified daily schedule (see
Multimedia Appendix 1).

Proportion of Trials That Yield Statistically Meaningful
Results

For each study duration, we will also measure the proportion
of completed N-of-1 trials that yield statistically meaningful
results as determined by the N1 app, for the comparisons: (1)
caffeine versus baseline; and (2) caffeine plus L-theanine versus
baseline. As described elsewhere, the N1 app considers a trial
to haveyielded a statistically meaningful result if the coefficient
of treatment effect is significantly different from zero at the
80% confidence level in at |east one of the three cognitive tests
(eg, if taking caffeine relative to baseline, with or without
L-theanine, produces an effect on cognitive performance
measured by at least one of the three cognitive tests) [6]. The
80% confidence level is arbitrary, and we anticipate future
versions of the N1 app will alow individuals to select the
confidence level they seek.

Exit Survey

We will aso invite enrolled participants to provide feedback
about the N1 app and the Brain Boost Study through an optional

exit survey administered at the time of study completion, during
voluntary withdrawal, or at study failure viaan automated email
with a link. The anonymous survey will not be linked with
individual user accounts. The exit survey includes a modified
version of the 2-item Usability Metric for User Experience
(UMUX-Lite) and up to 15 optional questions related to the
participant experience with the app and the study (see
Multimedia Appendix 3) [7]. The survey will be conducted in
abrowser outside of the N1 app.

Bug Reports and App Crashes

We will record the number of software bug reports submitted
anonymously by users through a third-party tool linked from
insidethe N1 app. Wewill also record the number of app crashes
recorded from those users who have opted-in to share their
diagnostics and app usage information with app developersin
App Store Connect, an administrative platform for managing
and monitoring i OS apps submitted to the Apple App Store[§].

Other Collected Data

We collect sex (male, female, other) and year of birth (YYYY).
For each participant in atrial, we will also timestamp planned
and compl eted actions, and record the following dates: planned
trial start and end dates, dates of adherence and nonadherence
(treatment and assessment adherence), and dates of early
withdrawal or completion.

Power and Sample Size

The study will be sufficiently powered (>80%; apha=0.05) if
640 individuals begin the study, are randomized into 3 study
lengths (5, 15, or 27 days) according to arandomization percent
allocation of 20%, 60%, 20%, and achieve rates of completion
of 30%, 20%, and 10%, respectively (see Table 3).

Table 3. The minimum number of participants we aim to enroll in each study duration.

Study duration Randomization allocation (%) Participants who begin study Estimate of completion rate  Participants who complete
(N (%) study ()

5-day study 20 128 30 38

15-day study 60 384 20 77

27-day study 20 128 10 13

Total 100 640 60 128

For the sample size estimate, the Hsieh sample size correction
for multiple logistic regression was used, which assumes
correlation among covariates and therefore adjusts the sample
size accordingly [9]. We estimated this correlation to be equal
to 0.25. With these assumptions, 97 completed studies are
required to discern whether the study length and notification
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level are associated with the rates of study completion. To
estimate how precise we may be, we used sample size tables
for each predictor (see Multimedia Appendix 4).
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Data Analysis Plan

Primary Analysis

All study data, unless otherwise noted, will be collected through
the N1 app, and stored in Health Insurance Portability and
Accountability Act (HIPAA)-compliant cloud storage. Statistical
analyses will be conducted primarily using R version 3.6 (The
R Foundation, Vienna, Austria). Wewill useamultiplelogistic
regression model to discern the relationship between study
duration and notification level with the proportion of studies
completed among participants who begin a study. Participants
who begin a study are defined as those who achieve both
treatment adherence and assessment adherence for at least one
day during the baseline period. Participants that do not begin
the study will be removed from the analysis. We will adjust
theseresultsfor any variance in completion rate by age and sex.

Exploratory Analyses

We will also use descriptive statistics to summarize measures
collected in the Brain Boost Study. We will compare the
proportion of studies completed and trial adherence across the
six groups of participants (three study durations and two
notification levels), removing from this analysis anyone that
turned off notifications. We will also compare the proportion
of completed trialsthat are deemed by the N1 app to demonstrate
a meaningful difference in treatment response on any of the
cognitive tests, across the three study durations.

We aso want to learn about the factors that influence the
measure of trial adherenceto improve future study designs. We
will use Bayesian methods for exploratory analysis to get a
baseline for future analyses, which we expect will also use
Bayesian methods of analysis. The exploratory analysis will
utilize a Bayesian survival-style model with semicompeting
risks throughout the study. It will be assumed that a participant
isin the study up until the time of study completion, voluntary
withdrawal, or involuntary withdrawal (ie, study failure). Daily
adherence will be assessed among all participants in the study
on a given study day. There will be two types of events
considered: (1) daily nonadherence, as anonterminal repeating
event; and (2) early withdrawal (including both voluntary
withdrawal and involuntary withdrawal due to study failure) as
aterminal (nonrepeating) event. The daily rate of nonadherence
and early withdrawal will be modeled as a Poisson processwith
the rates impacted by several covariates, including study day
(number of days since the start of the study, estimated with a
random walk prior), notification level (light versus moderate);
self-reported motivation level (5-point ordinal scale), day of
the week (if distinguishable from study day), and
subject-specific shared frailty term.

The cumulative probability of early withdrawal can be used to
estimate the inverse probability of study completion. Also, the
daily rates of adherence can be used to improve study design
for future participants, depending on self-reported motivation
and subject-specific characteristics. Asin the primary analysis
of the study completion rate, we will additionally adjust this
analysis of adherence for age and sex.
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Results

Platform Development and Testing

We have completed extensive internal testing of the N1 app, as
well as beta testing on a convenience sample of 12 users. We
did not collect completion rates or adherencefor the betatesters
because the app was still under development at the time that
testing was performed. We iteratively improved the N1 app
over the past two years through more than 75 builds until we
achieved a stable release and a feature set suitable for launch.

Ethics Approval

Thelnstitutional Review Board at the |cahn School of Medicine
a Mount Sina has approved this study (IRB-18-00343,
IRB-18-00789).

Enrollment

The Brain Boost Study on the N1 app opened enrollment to the
public in October 2019.

Discussion

Primary Findings

The N1 App aims to facilitate the design, administration, and
analysisof N-of-1trials. The Brain Boost Study will bethefirst
experiment available on the platform that is open to the public.
As a wellnessrelated study that evaluates the effect of
commonly used supplements on cognitive performance, this
study also provides an opportunity to socialize N-of-1 methods
to much broader audiences. Whilethefirst intentionally designed
crossover treatment trial datesto thelate 1700sand N-of-1 trials
like how we conceive of them today have been practiced for
decades, adoption remains low [10-12]. Opportunities for the
public to apply these methods to their treatment dilemmas are
similarly scarce outside of alimited number of clinical settings
with expertise in the design, administration, and analysis of
N-of-1 trias.

Digital tools, like the N1 app, provide a promising new avenue
for making N-of-1 trials more accessible. However, many
challenges remain, especially around participant engagement
and adherencein app-based research [ 13]. Sustained engagement
of participants has been elusive for many digital health studies
to date. In apooled analysis of 8 app-based digital health studies
representing over 100,000 participants, 850,000 study days, and
3.5 million app-based tasks, the median time participants
engaged in the study during the first 12 weeks was only 5.5
days, and the median time participants performed active tasks
wasonly two days[14]. To deploy an effective app-based N-of -1
trial, one must reconcile many trade-offsthat span study design,
technology, and user characteristics. To our knowledge, this
will be the first study to rigorously evaluate multiple factors
associated with study completion and adherence in the context
of app-based N-of-1 trials. One other app-based N-of-1 trial
platform has recently evaluated usability and user acceptance
of an app in the context of pain-related N-of-1 trials [15,16].
Our findings should be of significant interest to practitioners
seeking to design N-of-1 trials using similar methods and tools
to support data-driven treatment choices.
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Strengths and Limitations

N-of-1 trials are designed as for-benefit trials that promote
informed decision-making among individuals that participate
in them [3]. As such, this study of factors that influence study
completion in the context of N-of-1 trials is unlikely to be
generalizable to other types of digital health studies (eg,
observational studies, RCTs) where there is no likelihood of
personal benefit. However, insights from this study may apply
to future triadls in the N1 app and other app-based N-of-1 trial
platforms.

The N1 app was designed to beflexibly adapted to other N-of-1
trials that, by definition, will share a few common elements,
including notifications to keep a participant on track with a
schedule of alternating treatments and regular outcome
measures. We anticipate that even within app-based N-of-1
trials, there may be marked differences in adherence and
completion rates depending on the nature of the trial and the
characteristics of the target population, such as the magnitude
of decisiond conflict anindividual confrontsrelated to treatment
selection or the nature and severity of the underlying health
condition, respectively. Moreover, the number and difficulty
level of actionsrequestedin an N-of-1tria islikely toinfluence
completion and adherence rates. The collection of outcome
measures through the integration of apps, devices, or wearables
that reduce the number of actions required of an individual to
completein app-based N-of-1 trial isan areawhere digita health
research may defy the law of attrition and isapromising future
direction.

This protocol requires participants to record treatment
nonadherence, rather than to record treatment adherence
positively. This choice was made to reduce the number of daily
actions required of participants under the assumption that a
participant is likely to complete a daily cognitive assessment
only inthe circumstance where atreatment wastaken according
to schedule. Since the results of the cognitive assessment are
hidden until the completion of the trial, a participant does not
stand to benefit by taking a cognitive assessment for reasons
that are outside the purpose of the trial.

Bobeet d

We anticipate that most participants will schedule their
treatments at the beginning of the day since caffeine
consumption is a typical morning ritual. This represents two
challenges for participant engagement that may not be
generalizable across other N-of-1 trials. First, a recent survey
of eight app-based digital health studies observed the highest
levels of engagement in the evening [14]. Second, the act of
abstaining from caffeine consumption for the duration of the
baseline period may be perceived as a significant challenge for
some individuals in a manner that may be altogether absent
were we to be running atrial that compares two treatments of
adifferent nature.

The estimation of completion rates in the total enrolled
population for each study duration is a challenge becauseit not
only depends on factors being evaluated in this study but also
on recruitment and user characteristics that are uncontrolled
outside of very permissiveinclusion/exclusion criteriathat focus
on the safety of caffeine consumption. The novelty of app-based
research, for example, may attract people that are more curious
about the app or methods than they are committed to learning
their results, which is why we included the question about
motivation level as an exploratory measure. For example, one
recent app-based research study on asthma experienced very
high initia recruitment followed by rapid attrition and a small
number of highly engaged participants [17]. The relationship
between intrinsic motivation and trestment adherence has been
examined elsewhere, such as long-term antiretrovirals for
HIV/AIDS, weight loss, and various public health initiatives
that involve behavior change [18].

One limitation of the collection of only minimal demographic
information is that we will not be able to determine if the
enrolled study population is representative of the general
population outside of age and sex, which will limit the
generalizability of our results. The most extensive study to date
on retention in digital health studies showed a relationship
between age and retention, with ol der populations having higher
retention than younger participants [14]. They observed no
relationship between sex and retention [14].
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Multimedia Appendix 3
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Sample size tables.
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Abstract

Background: Significant chronic disease challenges exist among older adults. However, most older adults want to remain at
home even if their health conditions challenge their ability to live independently. Yet publicly funded home care resources are
scarce, private home careis expensive, and family/friend caregivers have limited capacity. Many older adultswith chronic illness
would require ingtitutional care without the support from family member/friend caregivers. This role raises the risk of physical
health problems, stress, burnout, and depression. Passive remote monitoring (RM), the use of sensors that do not require any
action by theindividual for the system to work, may increase the older adult’s ability to live independently while also providing
support and peace of mind to both the client and the family member/friend caregiver.

Objective: This paper presents the protocol of a study conducted in two provinces in Canada to investigate the impact of RM
along with usual home care (the intervention) versus usual home care alone (control) on older adults with complex care. The
primary outcome for this study is the occurrence of and time to events such as trips to emergency, short-term admission to the
hospital, terminal admission to the hospital awaiting admission to long-term care, and direct admission to long-term care. The
secondary outcomes for this study are (1) health care costs, (2) client functional status and quality of life in the home, (3)
family/friend caregiver stress, and (4) family/friend caregiver functional health status.

Methods: The design for this study is an unblinded pragmatic randomized controlled trial (PRCT) with two paralel armsin
two geographic strata (Ontario and Nova Scotia). Quantitative and qualitative methodologies will be used to address the study
objectives. This PRCT is conceptually informed by the principles of client-centered care and viewing the family asthe client and
aims at providing supported self-management.
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Results: This study is supported by the Canadian Institutes for Health Research. A primary completion date is anticipated in
fall 2022.

Conclusions: Findings from this real-world rigorous randomized trial will support Canadian decision-makers, providers, and
clientsand their caregiversin assessing the health, well-being, and economic benefits and the social and technological challenges
of integrating RM technologies to support older adults to stay in their home, including evaluating the impact on the burden of
care experienced by family/friend caregivers. With an aging population, this technology may reduce institutionalization and

promote safe and independent living for the elderly aslong as possible.

Trial Registration:
http://ww.isrctn.com/ISRCTN 79884651

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(1):€15027) doi:10.2196/15027
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Introduction

Older adult Canadians (aged 65 years and older) experience
significant chronic disease challenges[1], yet most ol der adults
want to remain at home even if their health conditions challenge
their ability to live independently [2].

There is evidence that “...when home care is appropriately
managed and properly integrated into the health care system, it
can improve the health and well-being of many seniorsand their
families and reduce the costs of care in hospitals and long-term
care facilities’ [3]. However, evidence suggests that there is
room for improvement in current home care service delivery.
Recent studies showed that 25% of Canadian older adultsreceive
only partial home care services and experience unmet home
care needs that create a cascade of events resulting in
deterioration of older adults health and the need for
institutionalized care[2,4]. Older adultswant to be assured that
their health care needs can and will be effectively addressed

(5]

Part of the challenge in caring for older adults in their homes
liesin providing suitable home care services and ensuring that
older adults can safely follow their established treatment plan
(eg, adherence to medication protocol). From a health care
perspective, we have yet to feel the full effects of the impact of
older adult health care challenges [6]. The transfer of health
care services to the home setting is a strategic move intended
to accommodate the desire of many older adults to remain at
home and minimize acute care costs [7]. Yet home care
resources are tenuous due, in part, to challenges in attracting
and sustaining awork force (eg, nurses) that will be paid lower
wages than in the hospital sector [3,5].

Deficienciesin availability of publicly funded home care means
that family/friend caregivers are increasingly called on to play
alarger rolein the care of older adults within the home setting
[3]. As the care needs of older adults increases, the average
number of hours of care provided by family/friend caregivers
increases significantly in contrast to the limited publicly funded
home care service provision [3]. There is growing recognition
that the mgjority of older adults would not be able to stay in
their homes without the support from family/friend caregivers
[5,8]. Family/friend caregiversin Canadaare providing unpaid

https://www.researchprotocol s.org/2020/1/€15027

care to approximately 97% of home care recipients [8]. A
Statistics Canada report indicated that in 2012 family/friend
caregiving was provided by more than 8 million Canadians [9]
at a conservative cost estimate of $25 hillion (US $19 billion)
in health care service [10]. These spouses, adult children,
friends, and neighbors[8] providetransportation; prepare medls;
clean and maintain the home; schedule and coordinate
appointments; advocate for care services, manage finances; help
with medical treatment; and provide emotional support and
personal care such as bathing, feeding, and toileting [11]. The
presence (physically or virtually) of family/friend caregiversis
key to whether or not older adults with complex care needs can
remain in their own home [3,12]. Yet for the family/friend
caregiver, this role creates increased risk of physical health
problems, stress, burnout, and depression [12].

Family/friend caregiver stress constitutes adepl etion of personal
resources and is reflected by family/friend caregivers' distress,
anger, or depression as a consequence of an accumulation of
tasks and responsibilities that impacts their sense of
independence and freedom [13]. A study by Duxbury et al [6]
of employed family caregivers (eg, spouse, adult child) in
Canada found that the average caregiver maintained their
supportive role for about 5 years; many taking on the role
because they cared deeply about their family member. However,
approximately 40% of family/friend caregivers reported that
they assumed the caregiver role by default; there was no one
€else to take on the responsibility for care. There are significant
costs to Canadian family/friend caregivers of an elderly family
member related to atered work patterns, loss of career
advancement, and increased use of Canada’ s health care system
[6,8,14]. Family/friend caregivers are also at risk of financial
strain associated with poorer physical and mental health, greater
work-life conflict, increased workpl ace absenteeism, lower job
satisfaction, and a higher number of visits to the emergency
room and hospital. Fast et al [14] estimated an annual 1oss of
income of $336.8 million (US $256 million) is associated with
family/friend caregiver employment disruptions.

Health information technology and specifically remote
monitoring (RM) technol ogies can support older adultsto remain
in their homes [15]. Remote technologies act by notifying, in
this case, a family member or friend of a possible untoward
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incident (ie, a fall, failure to take medications, wandering).
Active RM monitoring applications require individua
participation, such as pushing a button, whereas passive RM
technologies such as sensors do not require any action by the
individual for the system to work. Active and passive RM can
increase client confidence in their self-health care and in their
ability to live independently at home [16]. RM is especialy
helpful in tracking behaviors of older adults with cognitive
decline (eg, forgetting to take medications) and allowing
caregivers to intervene quickly [15]. These technologies can
also benefit home-based older adults and their family/friend
caregivers in the short-term by increasing communication and
collaboration between and among all stakeholders[15].

We are proposing to devel op and eval uate atechnol ogy-enabled
RM model of home care (RMHC) to address current gaps in
home care for older adults requiring the kind of complex care
that includes (1) stretched health human resources, (2) partia
home care services and unmet home care needs, (3) reliance on
unpaid family/friend caregivers to sustain home care services
with limited support to conduct this care work, (4) a chronic
disease model of health care that assumes and expects client
and caregiver ability for self-care, (5) lack of direct support for
or involvement of family caregivers in new models of home
care, and a (6) lack of innovative strategies to expand home
care. RMHC isenabled by passive RM technologies (eg, sensors
and cameras) and is conceptually informed by the principles of
client-centered care, family as client, supported
self-management, and stakeholder collaboration [4,5,17,18].

The purpose of this study is to examine the use of passive RM
technologiesin the home as a means of supporting older adults
to safely remain in their home and avoid or delay the need for
higher levels of care.

Methods

Study Design
This 4-year study is an unblinded pragmatic randomized

controlled trial (PRCT) with two parallel arms[19-22]. PRCTs
are well-suited to supporting decisions about complex

Textbox 1. Participant recruitment selection criteria.

Donelle et d

interventions tested in the real world when comparing with
usual care[23,24]. The objective of the study isto examine the
effectiveness of the RMHC versus usual home care in
maintaining the client in their place of residence and delaying
or preventing admission to higher levels of care such as
hospitalization or long-term care.

This study builds on the findings of previous pilot studies
conducted in the provinces of New Brunswick, Alberta, Nova
Scotia, and British Columbia. The primary aims of this study
are to test whether (1) RM aong with usual home care (the
intervention) versus usual home care alone (control) allow ol der
adults with complex care needs to remain in their home longer
and delay or avoid admission to higher levels of care (eg,
hospitalization and long-term care), (2) intervention is cost
effective, and (3) intervention will improve the quality of life
for clients and family/friend caregivers. The primary outcome
for this study is the occurrence of and time to events such as
terminal admission to hospital awaiting admission to long-term
care and direct admission to long-term care. The secondary
outcomes for this study are (1) health care costs, (2) client
functional statusand quality of lifein the home, (3) family/friend
caregiver stress, and (4) family/friend caregiver functional health
status.

Setting

The PRCT will take place in two study sites: the provinces of
Nova Scotia and Ontario.

Selection Criteria

PRCTs are meant to capture real-world situations and clients,
therefore we have purposely selected broad inclusion criteria
for this study (Textbox 1). To be assessed as at risk for higher
levels of care, the clinical provider identifies that within the
next 12 months the client is likely to be admitted to long-term
care. For this research, participants must be recruited in
client-caregiver dyads because the RM technol ogy requiresthat
older adults have a family member/friend caregiver who is
willing to receive system notifications. These criteria were
developedin collaboration with theregional health care partners.

Inclusion criteria:
o Aged 65 years and older
«  Assessed asrequiring complex publicly funded home care

o Atrisk for admission to ahigher level of care

. Haveacaregiver (family member or friend or neighbor) willing to receive notifications from the remote monitoring system

«  Willing to have remote monitoring technology installed in their home if they are randomized to the intervention group

« Ableto read/write English or French

» Havedecisiona capacity to consent or have a substitute decision-maker consent to participate in study

Exclusion criteria
o Assessed for immediate admission for higher level of care

«  Lack afamily/friend caregiver

«  Not competent to consent to participate in study or do not have a substitute decision-maker for consent

https://www.researchprotocol s.org/2020/1/€15027
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Sample Size Calculation

The sample size calculation is based on data from one health
region included in the study to estimate the study’s main
outcome (time to higher levels of care). The following criteria
were used to estimate sample size: the total institutionalization
proportion among controls being equal to 0.41 and the
proportion or the experimental subjects at 0.27 (ie, a 34%
reduction compared to controls); a 10% dropout and/or lost to
follow-up rate; a power of 80% and a statistical significance
level of apha=.05. This resulted in an estimate of 160
participants for the intervention group and 320 for the control
group for atotal target study size of 480 participants across the
study sites [25,26]. We opted to increase the study power by
using a 2:1 ratio of controls to intervention subjects due to the
cost of the intervention.

Recruitment

Participant enrollment in the PRCT is supported by the
respective provincial regional authority. Home care recipient
participants will be assessed by the case coordinator or case
manager in the regional authority against the inclusion and
exclusion criteria (see Textbox 1).

Consent to participate in the study will be obtained at the first
meeting with the researcher and the patient and family/friend
caregiver. Once consent is obtained from the participants (client
and their family/friend caregiver), research staff will collect
baseline data before initiating random allocation into control
and intervention groups. Using block randomization, participants
will receive either usual home care or RM with usual home care
[27]. Randomization will occur as follows:

- Twelve ping pong balls will be placed in a container

«  Four of each of the ping pong balls will be numbered 1 to
3

- Eachblock of 3 participantswill be numbered sequentially
from 1 to 3 as they appear on the master recruitment list

« A ping pong ball will be pulled from a container and
whatever number that ball is will correspond to the
numbered participant; it isthat participant who will receive
theintervention

« Theremaining 2 participantswill bein the control arm (no
intervention)

Allocation bias will be addressed through alocation
concealment; neither the case coordinator/case manager in the
home care agency or research staff will know to which group
the individual will be assigned a priori.

Control and I ntervention Groups

Control

Clients will receive usual publicly funded home care services
provided by their provincial or regional home care agency
including but not limited to home visits by assistive personnel
for activities of daily living, nursing care, and other supports
deemed necessary by the home care case coordinator or case
manager. In both study sites, home care assessments are
conducted by the regional authority case coordinator or case
manager. Once the assessment is completed and care services

https://www.researchprotocol s.org/2020/1/€15027
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are decided, service delivery is provided by a contracted home
care agency.

I ntervention

Clients will receive RMHC in addition to usual home care
services. Theintervention group will receive passive RM sensors
to detect a combination of the following behaviors/movement
patterns: medication administration, opening
refrigerator/cupboards, getting in and out of bed, movement in
the bathroom, use of exit doors, movement detection, and for
observation (cameras). The study technology partner, CareLink
Advantage (www.carelinkadvantage.ca), will cover the
equipment and monitoring costs. Once enrolled in the study,
clientsand their family/friend caregiverswill have ahome visit
by the technology partner (or designate). They will receive
written and verbal overview of the various RM options. Based
on the assessment by the technology partner along with client
and family/friend caregiver preferences, the RM options will
be customized and implemented. The intervention will be
offered to the client for 12 months at which time the client will
be transitioned to usual care. Notifications of atypical events
(eg, missed medication, atypical length of time in bed) will be
sent to the family/friend caregiver viaeither email, text message,
or phone call. Action, based on the notification, may include a
telephone call to prompt the client or check on the client’s
safety, deployment of assistive home care supports, or
emergency action (eg, ambulance). During the study, researchers
will not receive any notifications. However, at the end of the
study notification patterns and trends will be analyzed.

Data Collection

Prior to initiating the PRCT, al research team staff in Nova
Scotia and Ontario and study site care coordinators/case
managers will receive training on the study protocol and data
collection measures. In addition, research staff and home care
agency staff will be educated about the RM equipment by the
industry partner (CareLink Advantage).

Phase |: Survey Data Collection

Researcherswill meet with clientsand family/friend caregivers
in the home of the client or by phone at baseline, 6 months, and
12 monthsto collect data. It is expected the interviews will last
no more than one hour. Paper format questionnaires including
standardized instruments and researcher-devel oped questions
will be used to collect data at each time point (see Measures).
Data on reasons for leaving the study will also be collected. A
demographic form will be used to collect basic demographics
including age, education, sex, marital status, income, and
individuals provincia health insurance number. The provincial
health insurance number will be used for data linkage to
provincial administrative health care databases in order to
conduct the economic evaluation.

Phase | I: Administrative Data Linkage

To address the primary outcome of the study, data will be
obtained from the regional health authorities related to the
occurrence of and time to events such as trips to emergency,
short-term admission to hospital, terminal admission to hospital,
and direct admission to long-term care.
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Phase | I1: Qualitative I nterviews and Focus Groups

Qualitative datawill be collected in the form of semistructured
interviews to understand the perspectives of clients,
family/friend caregivers, health care professionals, and health
care decision-makers on the use of RM in the home. Eight to
12 individuals each of clients, family/friend caregivers, health
care professionals, and health care decision-makers will be
interviewed. Interviews will be audio recorded and transcribed
verbatim. To ensure accuracy of the transcribed data, arandom
selection of transcripts will be validated with audio recording.
Interviewswill focus on understanding views on the technology
itself including acceptability/resistance (eg, privacy), the model
of care (eg, client-centered), enhancements/improvements, and
benefits of the modd for clients, family/friend caregivers, health
care professionals, and health care decision-makers. These data
will assist with understanding implementation and evaluation
of the model, inform modifications to the model for potential
scale-up, and integrate end user perspectives into model
refinements.

M easures

The primary outcome of the study isthe occurrence of and time
to leaving one's home for a higher level of care such as
long-term care. This will be assessed using the following
variables available in the Discharge Abstract Database for
Ontario and Nova Scotia: terminal admission to hospital (yes/no)
and direct admission to long-term care (yes/no).

Secondary outcomes are described below along with their
specific measures. All standardized instruments have been
validated in previous studies. Different versions of
researcher-developed instruments were developed for clients
and family/friend caregivers.

Health Care Costs

Health care cost to the Ministries of Health (ie, hospitalization,
emergency room visits, and home care services) will be captured
from administrative databases (from provincial and regional
authority databases).

Older Adult Functional Status and Quality of Life

Older adults’ functional status, mood, well-being, and social
supports will be assessed using the following:

Hospital Admission Risk Profile [28]

Participant self-reported perception of safety and quality
of care (researcher-devel oped)

Mini-Mental State Examination [29]

Satisfaction with RM (researcher-devel oped)

Older People’s Quality of Life Questionnaire [30]

Family and Friend Caregiver Functional Status and
Quality of Life

Measures include adapted versions of the following:

+  Selected Caregiver Assessment Measures [31]

« CdliforniaCaregiver Resource Centers Uniform Assessment
Tool [32]

«  Zarit Burden Interview [33]

«  Positive Aspects of Caring [34]

«  Stanford Presenteeism Scale [35]

https://www.researchprotocol s.org/2020/1/€15027
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Todtman Financial Impact Scale [36]
Satisfaction with in-home monitoring assessment
(researcher-devel oped)

Remote Monitoring Data

Sensor notifications are atypical events (eg, missed medication,
lack of movement from the bed) of client’s activities of daily
living that will trigger a message sent to a family/friend
caregiver. Currently, all system (ie, client) activity is logged
and viewable on adashboard available to authorized individuals
via computer or on a mobile device. As well, a history of the
clients' activity/nonactivity is logged (eg, fridge door opened,
bathroom motion idle). The system has a search function such
that client activity can be determined by sensor (eg, bed,
medication) over several months to determine emerging and
changing patterns. Patternswill beidentified by the application
of algorithms. Alternatively, all activity of aday can be viewed
in chronological order to generate a description of the clients
daily behavior patterns. The notification data has the potential
to form abaseline of participant (client) behavior in the home,
and trends or models of a participant’s usual activity or behavior
can be established and then used to identify changes. Data
collected from camera sensors will not be assessed.

Data Analysis

Quantitative Data

Quantitative datawill be analyzed at baseline, with subsequent
analysis of primary/secondary outcomes at 6 months and 12
months. Using SPSS Statistics version 25 (IBM Corp) statistical
software, descriptive statistics will provide a profile of study
participants including demographics, current diagnoses, length
of home care before the study, and model of care (RMHC versus
usua care). The provisional effect of the intervention on the
primary outcome will be tested using a prospective chi-square
test of independence (continuity-corrected) between the
experimental and control groups (Fisher exact test). Repeated
measures analysis of variance will measure mean differences
between groups on continuous variables. We intend to use
multivariate survival analyses methods using a relevant time
dependent outcome based on the ability to accurately track the
main event of interest (ie, institutionalization) [24]. We will
conduct within and between province analyses on secondary
outcomes. Subgroup analyseswill include examining differences
based on sex (male/female) in both clients and family/friend
caregivers.

Notification Data Analysis

Notification data from RMHC sensors will be analyzed for
patterns and trends of clients’ activity in the home. Data will
be downl oaded from the technol ogy provider database quarterly
and analyzed by the researchers. Exploratory pattern analysis
will include reviewing each individual’s pattern of notifications.
In addition, data will be aggregated to examine patterns that
might inform understanding of the population (eg, common
issues such as medication delay, sleep/wake patterns). These
datawill provide broader insights about daily patterns of older
adults living in their home that may lead to other interventions
to support home care service planning.

JMIR Res Protoc 2020 | vol. 9 | iss. 1 |e15027 | p.18
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Economic Analysis

An economic analysis will be undertaken by the study health
economists to examine health care costs from the perspective
of the health system. The objective of the economic analysisis
to compare the costs associated the RMHC model against those
of the usua publicly funded home care received by control
group participants. The economic analysis will be conducted
using primary data from the study and secondary datafrom the
administrative databases (from provincial and regional health
authority databases—ie, the Ontario Institute for Clinical
Evaluative Sciences, Health Data Nova Scotia ) for costs
associated with ol der adult health service use (ie, hospitalization,
emergency room visits, and home care services) along with
costs associated with home care delivery. The costs of the
delivery (servicefeesfor installation and monthly maintenance)
of theRM intervention will aso beincluded. With dataon health
service use, costs for each older adult participant will be
calculated by multiplying the individual resource use (from the
study and home care database) with unit costs (from provincial
standard costing sources such as the Schedule of Benefits
[36-39]). Wewill analyzethetotal cost variable as a dependent
variable, using regression, to estimate the difference in expected
health care cost between the RMHC model of care and usua
care. Theintervention variable will bethe primary independent
variable, and the model will adjust for previously mentioned
potential confounding variables. Ordinary least squares model
produces unbiased estimates even if the data are skewed [40].
Subgroup analyses (eg, by sites, by sex) will be explored.

Qualitative Analysis

Qualitative dataanalysiswill be conducted using an interpretive
description approach. Semistructured interviews will be used.
Theinterview guide will be devel oped based on data discovered
from the baseline and 6- and 12-month interviews. Clients and
caregivers will be interviewed separately. Interpretive
description isan inductive analytic approach designed to analyze
clinica phenomena with the intent of identifying thematic
patterns within participants experiences to inform clinical
understanding and application [41]. The focus of this approach
is not only intent on describing phenomena but on developing
explanations which have meaningful application thus aligning
this approach to data analysis with identifying and addressing
practice issues, informing the development of policy and
planning of home care services. Using NVivo version 10 (QSR
International Pty Ltd) qualitative software, at least two
researcherswill independently code the datato ensurereliability
in the coding. Data will be analyzed for emergent themes
relevant to the study outcomes and to inform scale-up of the
RMHC model.

Results

Theend of datacollection for the primary outcome (occurrence
of and timeto terminal admission to hospital awaiting admission
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to long-term care and direct admission to long-term care) will
be winter 2020. Data collection for the secondary outcome
(health service use) will continue for up to 5 years after the
12-month participant interview. Qualitative data will be
collected during study years 3 through 5.

Discussion

I mpact

Research evidence indicatesthat thereal challengein using RM
technologiesis not about the number and placement of sensors
in the home but rather the ability to make sense of and respond
in atimely manner to the data streams from clients [42]. To be
effective, the notification data could betailored to and uniquely
presented to providers, older adults, and family/friend
caregivers. RMHC natification to family/friend caregiverswith
the option to share this information with home care service
providers (1) enhance family/friend caregiver support, (2) inform
decision-making regarding client care to determine safety (eg,
proper medication administration, falls), and (3) generate
observations of daily living from client data for historical
analysis for trending, modeling, and prediction [43]. With
historical data, thereis potential to model older adults' behavior
to identify patterns that can be used to identify changes in
behavior over time.

Inthe RMHC model, we redefinethe term client to include both
older adults in the home and their family/friend caregivers
[5,12]. Although family/friend caregivers play an integral role
as part of the care team to support older adults in the home,
health care assessments remain largely focused on the needs of
the individual client. The extended health care responsihilities
taken up by older adultsand their family/friend caregivers create
care work. Family/friend caregivers in the RMHC model will
also be recognized as clients with unique care needs [5,12].
Many family/friend caregiversal so experience adeclinein their
health but continue to provide care. In light of this, researchers
have concluded that a reasonable outcome for family/friend
caregivers is one where caregiver stress is held constant [44].
Minimizing family/friend caregiver stressin light of theevolving
care challenges of older adults in the home may be unredlistic
[44]. In the RMHC model careful attention is given to the
caregiver experience.

Conclusion

The societal impact of RMHC intervention may contribute to
resolving the challenges of limited health human resources
within home care and create greater benefits for family/friend
caregivers. Collecting data on older adults' behaviors creates
the opportunity to efficiently monitor and address the needs of
home care clients but also to aggregate data into large datasets
to be analyzed and used to inform the development of best
practices for older adults with complex care needs and their
family/friend caregivers within the home care setting.

We would like to thank Kathleen Ledoux, RN, PhD, for her assistance.
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Abstract

Background: New technologies create possible new ways of action, interaction, and learning which is extremely relevant in
the field of oral health education. There is a lack of protocol in using an immersive interactive ludic-educational interface to
motivate oral hygiene practice in children by means of augmented reality.

Objective: This study aims to present a protocol on the development of a serious game to motivate oral hygiene practice in
children.

Methods: A serious game will be designed by augmented reality techniques to improve toothbrushing effectiveness of children
aged 6to 10 years. Thefunctional structure of thisinterfaceisactivated by means of movements recognized by Kinect (Microsoft
Corp). The toothbrushing technique will be available in the game, enabling the children to execute the movement in the virtual
environment. By identifying errors, this game will be tailored to improve the oral health of children by correcting the technique
and teaching the user the adequate toothbrushing method. A template analysiswill be performed to identify barriersand facilitators
in each scenario.

Results:  After the implementation of the virtua interactive and immersive panels, enrollment will begin and eval uations will
be made by means of questionnaires distributed to participants who interact with the game. Thus, an analysis of the product
efficacy will be conducted. The expected outcome will be to obtain a digital instrument to motivate oral hygiene practice and
enhance health awareness in children.

Conclusions: Theseriousgamewill support the prevention of oral diseases by sharing scientific research in the school environment
and community.

International Registered Report Identifier (IRRID): PRR1-10.2196/10987

(JMIR Res Protoc 2020;9(1):€10987) doi:10.2196/10987
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Introduction

Teaching processes conducted in virtual environments are
becoming more prevalent in order to improve quality of lifefor
the population [1,2]. Increasingly, these virtual environments
employ augmented reality (AR) as alearning tool and provide
amore realistic experience to the students. AR is composed of
simulation, association of virtual reality with physical materials,
instruments, and feedback to train students and verify their
acquired knowledge on specific subjects. Theinteraction occurs
through object manipulation, aiming at specific targets. AR is
popular because of its applicability providing the user with
unigue experiences and great interaction yet promoting activities
that stimulate learning. Studies comparing traditional and
simulation technol ogy—based | earning showed that students had
better knowledge retention indexes with the latter [3].

The recent literature reports the use of artificial intelligence to
aid in developing children’s personal skills inside a healthy
environment [4]. Interactive interfaces directed to the parts of
the human body related to oral health by using AR will share
scientific knowledge on dentistry in the community, specifically
regarding children [5,6]. Kinect (Microsoft Corp) is an
interactive interface innovation designed not only for
entertainment but also for other purposes such as health
education, making the interaction between person and machine
more effective. It alows the user to interact with the device
only with gestures and movements, without the need of a
joystick. These movements are captured by cameras and sensors,
providing real interaction, also alowing users to explore the
content with commands activated in a ludic or nonludic way.
Kinect has several resources (sound, image, depth, infrared, and
movement engine) with a high level of accuracy and
synchronicity in onesingle device. These resources offer aseries
of innovative possibilities of interaction between users, services,
and computing applications. Educational and motivational
methods play an important role in informing individual s about
oral diseases and changing their hygiene habits, starting as soon
as children develop their motoric coordination [4]. This study
aimsto present aprotocol on the development of a seriousgame
(immersive virtual environment using AR) to motivate oral
hygiene practice in children.

Methods

Interactive Panel Configuration

General Features

A serious game will be designed using AR techniques to
improve toothbrushing effectiveness in children aged 6 to 10
years. The functional structure of this interface is activated by
means of movements and recognized by Kinect. The
programming language will be based on C#, which has been
greatly influenced by the Java programming language. It is

https://www.researchprotocol s.org/2020/1/€10987
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oriented toward objects and considered to be simple, with a
great performance. Some C# characteristics:

- Language: low complexity; being projected in asimple way

«  Object-oriented: classes, attributes, methods, and objects

- Strongly typed: avoiding attribution errors

- Managed language: al the management contained in the
memory is done by runtime via Garbage Collector

« Version control: once assembly is formed, it contains
information on the code version, either dynamic link library
or executiblefile

However, for programming purposes, the framework Kinect
for Windows SDK 2.0 (Microsoft Corp) will be used. Thisisa
free tool for people who want to develop their own games that
has arobust yet friendly interface and allows the development
of applications based on Kinect (both for PC and the Xbox 360
Console, aso Microsoft Corp) [ 7]. Thetoothbrushing technique
[8-10] will be available in a game, enabling the children to
execute movements in a virtual environment. This game will
be tailored to improve the ora health of the children by
correcting technique and teaching the user the adequate brushing
method after identifying errors [11]. This method is easily
trackable via the motion control ludic interface provided by
Microsoft.

In the final stages, an open-source framework for mobile
development compatible with Android and iOS devices and
licensed by Adobe Systemswill also be used. However, motion
control will not be available in mobile devices. Instead a
gesture-based control on the device's screen will be used to
track users’' movements.

Connected Devices

« Development suite: Kinect for Windows SDK 2.0
(freeware)

«  Unity 3D engine platform

« Audio editors: Audacity and FormatFactory (freeware)

«  Kinect Xbox 360 sensor (Microsoft Corp)

« High-definition 3D XL2420T monitors (2; BenQ Corp)

« High-performance desktop computers (2), with Intel Core
i7 processor, 32 GB RAM memory, 2TB internal storage,
and Nvidia Quadro graphics card

«  High-performance notebooks (2): ASUS G74SX-DH73-3D
17.3" display, Core i7 2670QM processor, 12 GB RAM
memory, 750 GB HDD + 750 GB HDD interna storage
and 3D Vision Kit graphics card

« Externa hard drive: AirPort Time Capsule (Apple Corp)
2TB sharing station

«  Television with ultra-high-definition technology

An ultra-high-definition television will be used to seethewhole
game interface and interaction with the Kinect sensor (Figure
1). This process happens hundreds of times per second, thus
making theimmersion real. Thischangesthe user’sold behavior
into anew one, characterized by dynamic and intuitive reactions,
stimulating curiosity and creativity.
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Figure 1. Resources offered by Microsoft’'s Kinect device.
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An interactive interface with an educative instructional aspect
results from the intersection of three technological processes:
game, computational application, and learning objects[12]. The
use of games in school contexts applies the following aspects:
(1) anxiety, (2) limits, (3) autonomy, (4) capability of
achievement, (5) motor coordination, (6) spatial organization,
(7) segmental control, (8) attention and concentration, (9)
anticipation and strategy, (10) auditory discrimination, (11)
logical reasoning, (12) creativity, and (13) figure and depth
perception. In this context, the game is a very appropriate
learning tool because it uses its power to attract the interest of
students and creates social and personal experiences, triggering
new discoveries and maturing their personalities [13].
Furthermore, by enabling innovative and attractive educational

https://www.researchprotocol s.org/2020/1/€10987
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practices, these educational interfaces can become important
accessories to the process of teaching and learning. The AR
interface allows the user to see the rea world together with
virtual objects [14], consisting of a serious game where the
player controls and executes actions by means of corporal
movements. The body movements are interpreted as data entry
and associated with specific commands to the game,
transforming the tridimensional movement of the physical space
into an entry into a computational system.

Game General View

In the construction of the game prototype, the technology
employed involves virtual reality combined with the Kinect
device. Through sensors, Kinect enables a more efficient
interaction between the child and the game, alowing a ludic
and immersiveinteraction in topicsrelated to oral health (Figure
2). Thisis an essential and important issue for the prevention
of dental caries and other related oral diseases.
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Figure 2. Users representation by game characters.

| nterf El t and the option to quit. In the character option, the player can
ntertace Elements choose according to gender (male/female). In the toothbrushing

The opening screen (Figure 3) shows three options to choose  option, the player can choose the technique and the training
from: character, toothbrushing techniques (Fones or Stillman),  goal (Figure 4).

Figure 3. Opening screen of the digital interface with usage options.

What do you want to do?
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Figure 4. Movement simulations of the proposed techniques (Fones and Stillman).

1. Fones

g
i

Movement Detection and Error | dentification

For movement detection, it will be necessary to (1) habilitate
the capture of the human skeleton by the Kinect device, (2)
create a code to establish connection between the device and
software, (3) create an array (vector) of the skeleton type,
attributing data to the vector, (4) verify the vector is being
monitored, (5) attribute a variable to the body part to be
monitored (in this case, the hands), and (6) create the desired
modification (ie, a desirable response whenever the movement
executed by the player's hands is closer to the movements
expected in the chosen brushing technique).

For movement capture, the Kinect sensor uses a programming
code that processes its reading and sends the data in a specific
format to the system. The player’s movement while performing
the toothbrushing technique in the expected way will be
detected. Then, after four successful repetitions of valid
toothbrushing positions and movements, the user will bedirected

https://www.researchprotocol s.org/2020/1/€10987
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2. Stillman

B

to another screen to execute the same movements, this time
with the character's mouth in a frontal position. The
toothbrushing movements must be repeated both for the
maxillary and mandibular teeth. Figures 5 and 6 show the
interaction between user and serious game using Kinect.
Through the integration of Unity 3D and Kinect, it will be
possible to effectively capture the movements of Fones and
Stillman toothbrushing techniques and send them to the game,
in real time, on the screen.

The game has also an error identification implementation.
Whenever the player executes the chosen brushing technique
incorrectly (ie, if the player does not reproduce the expected
movements in the correct speed, time, and angle), the system
provides avisual response with an on-screen indication on the
avatar's mouth region. An arrow indicates the format, speed,
and angulation of the movement the player should have been
executing (Figures 7 and 8).
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Figure5. User interaction in the serious game with Kinect using the Fones brushing technique.
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Figure 6. User interaction in the serious game with Kinect using the Stillman brushing technique.
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Figure7. Indication of the Fones technique movement.

Amantini et al

Figure 8. Indication of the Stillman technique movement.

Furthermore, the game provides a metric for an effective
toothbrushing. For this purpose, several challengesare presented
to the player as food residues represented graphically and in a
ludic way on the character’s tooth surface. On the scene, the
player must remove the residues by reproducing the
toothbrushing movements. Therefore, not only must the child
execute these chosen toothbrushing technique movements
correctly, they must also reproduce these movements on the

https://www.researchprotocols.org/2020/1/€10987
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sites (movement angle, height, and amplitude) where the
residues are located to remove them completely. This is
measured by means of a scoring system: if the player only
executes the movements but does not remove the residues, they
will receive alower score at the end of the game; if the player
manages to remove all residues, the score will be higher,
according to the amount (partial or total) of elements removed
during the toothbrushing (Figures 9 and 10).
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Figure 9. On-screen representation of the Fones movement with residue fixation.

Figure 10. On-screen representation of the Stillman movement with total residue removal.

Results

This study protocol defines the use of AR on ora hygiene
practice by means of an interactive interface that makes use of
the Kinect movement sensor. The training of toothbrushing
techniqueswill become morefeasible, effective, and accessible
to children. After the implementation of the virtual interactive
and immersive panels, enrollment will begin and evaluations
will be made by means of questionnaires distributed to
participants who interacted with the game. Thus, an analysis of

https://www.researchprotocols.org/2020/1/€10987
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product efficacy will be conducted. The expected outcome is
to provide adigital instrument to improve oral hygiene practice
in children and also motivate the prevention of oral diseases by
sharing scientific research in the school environment and
community.

Discussion

This study presents the development protocol of aninstructional
immersive interactive environment using projection and
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computational resources. From a methodological and
technological point of view, the innovation of this tool will
allow the effective interaction of thetarget audience. The serious
gamewill be ableto be edited for updates and changes, making
this tool an instrument of scientific teaching and research on
different levels of learning. New technologies create possible
new ways of action, interaction, and learning, which is relevant
in the field of education. It is worth highlighting that digital
design applied to health education isasubject still little explored
but with a significant and relevant potential for social
contribution and improvement of oral health. Thereisalack of
protocol in using an immersive interactive ludic-educational
interfaceto motivate oral hygiene practicein children by means
of AR.

The process of dissemination and consolidation of the use of
technology applied to education and health increases the use of
digital technologies. This digital access led to the birth of
generations with visibly distinct characteristics regarding
information, the so-called “digital natives’ and “digital
immigrants’ [15]. Thesetermsare used to describe, respectively,
individuals who were born immersed in digital technologies

Amantini et d

and individuals who were raised with no contact with such
technologies. This generation gap was identified [16] and
discussed throughout the first decade of this century as a
challengeto befaced by the fields of resources and professional
development in the educational area. The new generation of
digital natives is looking for new content and activities that
might encourage them to study and learn.

The virtual realism may be associated with static or dynamic
objects [17]. In the training of this applied study, users will be
able to visualize and interact in a virtual environment, feeling
it as real; that is, the more immersion the simulator is able to
provide, the morerealistic it will be considered [17].

After the implementation of the virtual interactive and
immersive pandls, the concept proof will be applied (ie, technical
and computational performance tests that evaluate the
functionality requisites). The concept proof aimsto enable the
best performance during the simulation, within the specific
characteristics of realism of the 3D realistic virtual model. After
that, the application and use of the product will be validated
and the learning object applied in other projects.
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Abstract

Background: Young men who have sex with men have ahigh HIV incidence, and a substantial proportion of incident infections
occur in the context of main partnerships. However, romantic relationships also provide numerous benefits to individual health
and wellbeing. 2GETHER is arelationship education and HIV prevention program for young male couples, and the 2GETHER
USA randomized controlled trial (RCT) was launched to establish the efficacy of an online version of 2GETHER.

Objective: The objective of 2GETHER is to optimize relationship functioning in young male couples as a method to improve
communication about sexual risk behaviors and reduce HIV transmission. Inthe 2GETHER USA study, 2GETHER was adapted
for online administration to couples across the United States via videoconferencing. The intervention in question aimsto address
the unique needs of couples from varied racial/ethnic backgrounds and geographic regions.

Methods: This is a comparative effectiveness RCT of 2GETHER USA relative to existing public health practice (control).
2GETHER USA isahybrid group- and individual -level intervention that delivers three weekly online group discussion sessions
for skillsdelivery, followed by two individualized coupl e sessionsthat focus on skillsimplementation in each couple. The control
condition differsby participant HIV status: (1) the Testing Together protocol for concordant HIV-negative couples; (2) medication
adherence and risk reduction counseling for concordant HIV-positive couples; or (3) both protocols for serodiscordant couples.
Follow-up assessments are delivered at 3-, 6-, 9-, and 12-months post-intervention in both conditions. Testing for rectal and
urethral Chlamydia and Gonorrhea occurs at baseline and 12-month follow-up. The primary behavioral outcome is condomless
anal sex with serodiscordant serious partners or any casual partners. The primary biomedical outcome is sexually transmitted
infection incidence at a 12-month follow-up.

Results: Asof October 11, 2019, thetrial has enrolled and randomized 140 dyads (Individual N=280). Enrollment will continue
until we randomize 200 dyads (N=400). Assessment of intervention outcomes at 3-, 6-, 9-, and 12-monthsis ongoing.
Conclusions: 2GETHER isinnovativein that it integrates relationship education and HIV prevention for optimizing the health
and wellbeing of young male couples. The 2GETHER USA online adaptation has the potential to reach couples acrossthe United
States and reduce barriers to accessing health care services that are affirming of sexual minority identities for those who livein
rural or under-resourced areas.
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Introduction

Background

Young men who have sex with men (Y MSM), including those
inlate adolescence and young adulthood, bear adisproportionate
burden of the HIV epidemic in the United States [1]. However,
there has not been acommensurate prevention response to curb
the continued high incidence of new infections among these
youth. Steady or main partnerships account for a large
proportion of new HIV infections in men who have sex with
men (MSM) (35-68%) [2,3], and this proportion may be much
higher amongst YMSM (79-84%) [3]. Importantly, romantic
relationships are much morethan vectorsof HIV risk for MSM;
extant research on different-sex couplesindicates that romantic
relationships improve the health and wellbeing of individuals
[4,5], and evidence suggests that these health promotive effects
also apply to same-sex couples [6,7]. Thus, we developed the
2GETHER program to improve relationship functioning in
young male couples and reduce the risk of HIV transmission
[8]. The purpose of this manuscript is to describe the protocol
for arandomized controlled trial (RCT) examining the efficacy
of 2GETHER, delivered via videoconferencing technology to
young male couples across the United States.

HIV Transmission Risk in Young Male Couples

Thelarge proportion of new HIV infectionsamong Y MSM that
is attributable to main partnerships [2,3] is driven by multiple
factors. First, YMSM are substantially less likely to use HIV
preventive behaviors (eg, condoms, preexposure prophylaxis
[PrEP]) when they enter into serious or main partnerships
[3,9-11]. Further, nearly half of YMSM aged 13-24 who were
HIV-positivein 2016 were not aware of their HIV status (29.1%
of HIV-positive men who were 25-34 years old were unaware
of their status) [1], so many HIV-positive YMSM may be
entering into romantic relationships, reducing or eliminating
their use of preventive behaviors, and then unknowingly
exposing their partnersto HIV.

Many mae couples build “relationship agreements” or
arrangements that describe whether their relationship is
monogamous or nonmonogamous and specify rules that
delineate the conditions under which outside sexua partners
are permissible[12,13]. Relationship agreements may be highly
effective a minimizing the risk of HIV transmission or
acquisition while maximizing satisfaction when the rules of
such agreements are clear to and adhered to by both members
of the dyad. Studies report varied estimates of the number of
male couples who do not have an agreement in place [14];
however, saveral studies have found that asubstantial proportion
of those who do have an agreement disagree about their
agreement rules[8,15,16], which may result in exposureto HIV
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(though we note that some studies have found less partner
disagreement [17]). Further, breaks in relationship agreements
(ie, noncompliance with agreement rules) are commonin male
couples (approximately 46% report breaks) [15]. When these
breaks are not promptly disclosed to partners, couples risk
damaging relationship trust, and if condomless or otherwise
unprotected sex occurred, exposing one another to HIV. Key
to building and maintaining rel ationship agreementsis effective
communication, and strategies are needed that provide Y MSM
with skills to establish and maintain effective agreements.

Binge-drinking and drug use have consistently been linked to
engagement in HIV risk behaviorsamong MSM [18], and some
evidence suggeststhat thislink may be stronger among Y MSM
in relationships [19]. Further, substance use has been linked to
ahigher likelihood of breaking relationship agreement rulesin
male couples [20], as well as a higher likelihood of having
condomless anal sex with extradyadic partners [21]. Finally,
heavy alcohol and drug use are robust predictors of relationship
discord, particularly when partners report discrepant patterns
of use[22,23]. Thus, it may be particularly important to enroll
young male couples who hinge-drink or use illicit drugs in
couples-based rel ationship education and HIV prevention efforts.
However, we note that focusing exclusively on heavy
substance-using samples may overlook the important risks to
both sexual and relationship health of those who use substances
but do so less frequently.

Relationship Education and Couples-Based HIV
Prevention

Existing approaches to couples-based HIV prevention have
primarily focused on the provision of HIV testing and sexual
risk reduction counseling in a couples format, particularly in
Africaand other global settings[24]. Testing Together (formerly
CouplesHIV Testing and Counseling) is a Centers for Disease
Control and Prevention—endorsed single-session HIV prevention
strategy that is increasingly being used with HIV-negative
YMSM in seroconcordant and serodiscordant (ie, one partner
HIV-negative, one partner HIV-positive) relationships
domestically [25]. This HIV testing strategy, which addresses
some aspects of relationship functioning (eg, relationship
agreements), has been adapted for remote administration via
videoconferencing [26], and it has been enhanced to address
substance use in male couples [27] and to include medication
adherence counseling for HIV-positive individuals in
serodiscordant couples [28]. However, given that it isa single
session, Testing Together does not provide comprehensive
relationship education content, which iskey to establishing and
maintaining safe and effective relationship agreements. Other
couples-based HIV prevention programs that teach HIV risk
reduction to both members of the couple simultaneously have
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been developed for heterosexua couples domestically and
globally, with some providing more comprehensive rel ationship
education skills training to enhance HIV prevention uptake
[24,29,30]. However, very few such programs have been
developed for male couples, and those that do exist have tended
to focus on heavy substance-using couples [31].

There are several important gaps in couples-based HIV
prevention for young male couples. Many Y MSM, particularly
thosein serious relationships, are uninterested in programs that
solely focus on HIV prevention, but YMSM report a strong
interest in relationship education [32]. Thus, providing Y MSM
what they want (eg, relationship skills) while giving them
needed HIV prevention skills, is a promising strategy for
improving young male couples’ health and wellbeing. Further,
most existing couples-based approaches do not adequately
address secondary prevention among HIV-positive YMSM (ie,
onward transmission of HIV from HIV-positive persons). Even
those programs that do include HIV-positive individuals most
often focus on reducing HIV transmission in serodiscordant
couples, rather than the broader sexua health needs of
HIV-positive persons, including those of seroconcordant
HIV-positive couples. Further, YMSM have unique
devel opmental needs (eg, lack of relationship experience, family
stigma) that affect their ability to navigate sexual healthin their
relationships [33], and existing couples-based HIV prevention
protocols do not address these issues.

Relationship education isafield that aimsto promote long-term
couple health by teaching skills to form and maintain healthy
relationships, thusimproving dyadic functioning in the present
and preventing future discord [34]. Relationship education
programs place a heavy emphasis on building effective
communication and conflict resolution skills. These strategies
effectiveness is supported by meta-analysis, which concluded
that relationship education is effective in improving
conflict-management skillsand global relationship satisfaction
[35]. Whitton and colleagues conducted some of the seminal
work to adapt evidence-based rel ationship education programs
for same-sex couples, and they have demonstrated acceptability
to both female and male couples, as well as positive effects on
couple communication, conflict resolution, and relationship
quality [36,37].

The 2GETHER intervention’s unique contributions are that it
uses evidence-based relationship education as a platform to
deliver HIV prevention and sexua health promotion skills and
that it has adapted this integrated relationship education and
HIV prevention program to the unique devel opmental needs of
YMSM [8]. Briefly, 2GETHER utilizes a hybrid group and
individual format to teach various skills related to relationship
and sexual health. The intervention demonstrated evidence of
feasibility and high acceptability in a nonrandomized pilot trial
with 57 young male couples in Chicago [8]. Further, the pilot
trial showed evidence of preliminary efficacy, including
significant posttest reductions in HIV transmission risk
behaviors and improvements in HIV prevention motivation,
mutual understanding of relationship agreement rules, and
relationship investment. 2GETHER was the first program to
integrate relationship education and HIV prevention for young
male couples of any HIV status arrangement, including
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prevention content for concordant HIV-negative, concordant
HIV-positive, and serodiscordant couples. Further, 2GETHER
places an equal emphasis on relationship skills acquisition and
sexual health, while existing programs have either emphasized
HIV prevention or relationship education.

Telehealth and Implications for Couples-Based HIV
Prevention

The vast majority of health care services that are affirming of
lesbian, gay, bisexual, transgender, and queer (LGBTQ)
experiences are concentrated in the nation's largest urban
centers, creating wide disparities in access to services for
individuals who live in suburban and rural locations. Indeed,
rura MSM are substantially less likely to have received
HIV/sexualy transmitted infection (STI) testing and other
preventive services and are more likely to report experiences
of discrimination and bias due to sexual orientation [38]. Rural
MSM in romantic relationships may be especially prone to
stigma-based experiences because being partnered is a visible
indicator of one’'s sexud orientation. However, a the sametime,
ahealthy and supportive couple relationship may help to buffer
against the negative impact of such experiences[6]. Telehealth
is an extensive field that focuses on enhancing health care,
public health, health education, and service delivery using a
variety of telecommunications technologies[39]. This strategy
for service provision may help to reduce the gap in access to
LGBTQ-affirming services between rural and urban MSM, but
very few such telehealth programs exist for these populations.

Astechnology continuously advances, as doesthe mediathrough
which telehealth can be administered. Synchronous telehealth
approaches are those in which interactions between the patient
and provider occur in real-time, through telephone,
videoconferencing, or rea-time text interactions [40].
Asynchronous interventions, on the other hand, are those in
which patient-provider interactions do not occur in real-time,
andinclude I nternet sites, Internet-based modules, or educational
videos [41]. 2GETHER primarily utilizes a synchronous
telehealth approach in which intervention content is delivered
inreal-timeby livefacilitators viavideoconferencing technol ogy
to most closely mimic health care services delivered in vivo.
2GETHER uses asynchronous components (ie, narrated videos)
to supplement live facilitation and minimize participant fatigue
(described in more detail below).

Synchronous telehealth uses a variety of transmission
technol ogies and devices, including telephones, computers, and
personal communication devices [42]. Telephone-delivered
treatments have been shown to be as effective as in-person
treatments [41], but they are limited in their ability to capture
nonverbal communication (eg, facial features, body positioning),
which can be crucial in establishing rapport [43]. Morerecently,
high-speed fiber-optic broadband networks have improved on
these limitations and enhanced the capabilities of synchronous
telehealth, bringing it closer to the experience of in-person
treatment [44]. Advancesin videoconferencing technology have
also alowed for group video chat, so patients in different
locations can participate in synchronous interventionsin which
they interact with one another, as well as with a health care
provider [45]. Not only do group interventions alow for alarger
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patient-to-provider ratio, and thus are often used in settings
where services are scarce [46], they also foster group unity and
togetherness among participants[47]. Telehealthisalso uniquely
situated to overcome barriers commonly experienced with
treating couples, in that: (1) coordination of multiple schedules
is easier when couples can participate from home; (2) couples
may be more open to sharing their experiences when they are
not sharing the same physical space as facilitators and other
couples; (3) thereisalow likelihood that couples will runinto
facilitators or other participantsin thereal world; thusincreasing
willingnessto participate; and (4) stigma associated with seeking
treatment in brick and mortar settings at which they may be
identified as a sexual minority is reduced [48].

The number of online HIV prevention programs designed for
young and adult MSM s steadily increasing, but the vast
majority of these interventions use an asynchronous approach
that involveslittleto no liveinteraction with afacilitator [49,50] .
Although asynchronous el ectronic health approaches are critical
to improving the reach of LGBTQ-affirming and effective
interventions, it is our belief that these automated approaches
are not a replacement for the impactful live interactions with
providersor facilitatorsthat synchronoustel ehealth interventions
provide. Concerning couple health, the ability to receive live
coaching about relationship skills and sexual health alows
couples to make changes in the moment, experiment with skill
utilization, and observe the impact of these changesin vivo.

Objectivesand Aims

The goal of the current study is to conduct a comparative
effectiveness randomized controlled trial to assess the efficacy
of 2GETHER relative to existing public health practice in
reducing HIV transmission risk and improving relationship
functioning. We are recruiting anational sample of young male
couples, who will complete intervention sessions remotely via
videoconference. The purpose of this manuscript isto describe
the protocol of the RCT.

Methods

Study Design

We are conducting a comparative effectiveness RCT to test the
efficacy of 2GETHER relative to a control condition based on
existing available public health practice. The control public
health practice intervention will consist of a single session of
either Testing Together [25], M edication Adherence Counseling
[51], or both, depending on the HIV status of individualsin the
dyad. We will randomize 200 dyads (individual N=400) to the
2GETHER intervention or public health practice, and we will
examine primary and secondary outcomes at 12-months
postintervention, with interim follow-up a 3-, 6-, and 9-months
postintervention. The primary HIV risk behavioral outcome
will be the occurrence of condomless anal sex acts with
serodiscordant or unknown status partners (all casual sex
partners will be considered unknown status), and we will
account for the reduced risk of condomless anal sex in the
context of PrEP use and undetectableviral load (eg, condomless
sex while one has an undetectabl e viral |oad may be considered
no risk). The primary biomedical HIV risk outcomewill be STI
incidence (ie, urethral/rectal Chlamydia and Gonorrhea).
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Secondary HIV-related outcomes will be indicators of
engagement in the HIV continua of prevention and care,
including HIV testing, PrEP use, and adherence for
HIV-negative participants, and antiretroviral therapy adherence
and self-reported viral suppression for HIV-positive participants.
Other secondary outcomes include alcohol and drug use
problems and indicators of relationship functioning. We will
test for dose effects and decay in effects over time, and we will
examine substance use problems and relationship functioning
as mediators of change in HIV transmission risk. All primary
outcomes will be measured at the individual level (not
couple-level). Thisisadvantageous because HIV risk may also
occur with partners outside the relationship. Also, rel ationships
may dissolve during the follow-up period, so measuring
individual-level outcomes allows us to examine the effects of
2GETHER behaviors after relationship dissolution.

Inclusion and Exclusion Criteria

Couples are digible for this study based on the following
inclusion criteria: (1) both memberswere assigned male at birth
and currently identify asmale; (2) both membersare at least 18
years of age, and at least one member is aged 18-29; (3) both
members consider one ancther to be their “main partner”
(defined for participants as “...someone you feel committed to
above anyone else. This would be someone you call your
boyfriend, partner, or significant other”); (4) couplereportsoral
or anal sex with each ancther in the last three months; (5) at
least one member reports having condomless anal sex with a
known serodiscordant serious partner or with any casual sexual
partner; (6) at least one member reports binge-drinking (ie, five
or more drinks on a single occasion) or illicit drug use in the
last 30 days; (7) both read and speak English at eighth-grade
level or better; (8) both have accessto the Internet; and (9) both
agree to audio recording of intervention sessions.

Couples areineligible if staff identify inconsistencies between
information provided in the eligibility screener and baseline
assessment (ie, aparticipant was faking eligibility or eligibility
changed between screener and basdline), if issues arise that
might hinder participation (eg, serious menta illness,
intoxication), if both individuals are unable to be in the same
placefor theintervention sessions (ie, no long-distance couples),
or if there is imminent risk for harm due to intimate partner
violence. If either individual reports intimate partner violence
(ie, their current partner has ever “hit, dapped, punched or
physicaly hurt you” or “forced you to have sex when you didn’t
want t0”) at the baseline visit, study staff reach out via email
to assess safety and provide resources. If participants report that
they do not currently feel safein their relationship, they are not
eligible to participate in the study. These same procedures are
followed if participants discloseintimate partner violence during
their participation in the intervention sessions.

Concerning participant age (criterion 2), YMSM between the
ages of 18-29 years old fal into the groups that currently have
the highest HIV incidence [1], but we will allow one partner’s
age to be 30 or older because age discordant partnerships are a
risk factor for HIV acquisition among YMSM [52]. We require
that there be someindication of HIV transmission risk (criterion
4) to increase the relevance of HIV risk reduction content. A
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past 30-day substance use criterion (criterion 5) will enroll
couples for whom substance use is more likely to contribute to
HIV-risk behavior and relationship conflict. Finally, we do not
require a minimum relationship length, because our research
hasfound that Y MSM stop using condoms and other preventive
behaviors when they consider their relationship to be“ serious,”
which often occursvery early in anew relationship (ie, lessthan
three months) [9,53].

Recruitment, Eligibility Screening, and Couple
Confirmation

Participants are recruited using paid advertising on social media
sites (eg, Facebook, I nstagram), geospatia dating/hookup apps,
and organic online engagement through social media posts (eg,
Reddit, Twitter). Advertisements and posts direct the initialy
recruited participant (ie, “partner 1") to abrief online eligibility
survey, which includes an infographic illustrating study timeline
and details. Eligibility surveys are administered via REDCap
[54]. “Partner 1" is given the option to provide study staff with
their partner’s contact information, so that we may send a
confidential link to the eligibility survey for “partner 2." If not
provided, study staff contact “partner 1" to provide more

Figure 1. Flowchart of Study Timeline. STI: sexually transmitted infection.

Initial eligibility screener

Couples verification

Baseline assessment
* Self-report survey
* Couple communication task
* Self-collected STI testing

Assigned to cohort
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Randomization :
Participant directed to study —» Control (One 1-hour session)
website
P
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information about the study and obtain the contact information
of “partner 2.

Upon completion of eligibility screening of both partners,
preliminarily eligible couples will complete a verification
process. Study staff will perform phone call verification with
each member of the dyad individually to confirm participant
contact information and ask a series of questions to determine
whether the couple is indeed two individuals in a romantic
relationship. Couple verification includes asking questions about
the participant’s partner (eg, “How old is [partner name]?’,
“What isyour partner’s address?’) and relationship history (eg,
“How did you two meet?’, “Wherewasyour first date?’). Once
both calls are completed, the study staff will determine the
couple'seligibility to proceed in the study based on the response
consistency of both members of thedyad. Individualsin eligible
couples are then sent alink to the online informed consent and
the baseline self-report survey and will be mailed materialsand
instructions for ST1 testing. After both members of the couple
complete al components of the baseline assessment, couples
will be scheduled for intervention sessions and randomized to
one of thetwo intervention conditions. See Figure 1 for theflow
of eventsfor participants.

2GETHER (Five weeks)

v

3-month follow up
Self-report survey

l

6-month follow up
Self-report survey

l

9-month follow up
Self-report survey

l

12-month follow up
Self-report survey
Couple communication task
Self-collected STI/HIV testing
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Randomization to Treatment Arm

Coupleswill be scheduled into agroup of 2-6 couples based on
availability, and randomization occurs at the group level . Groups
are assigned to either the active (2GETHER) or control (public
health practice) condition using a covariate-adaptive
randomization method [55,56], known as minimization.
Minimization can control imbalance in baseline variables more
efficiently than simple or restricted randomization and can
manage a higher number of prognostic factors compared to
stratification [57]. Minimization isuniquely suited to the current
study design that schedules couples into groups, as it alows
sequentially recruited clusters (eg, 4-12 individuals) to betreated
as single unitswhile balancing both individual- and couple-level
prognostic variables[58]. For thistria, we used the range metric
of imbalance in the minimization function and biasing
probability of 0.80.

Theallocation agorithm controlstheimbal ance on thefollowing
baseline factors: couple-level HIV-status (serodiscordant and
seroconcordant positive), couple-level age discordance (one
partner aged 30 or older), individua-level STI results (any
positive result), and the total count of participants. We selected
these prognostic factors because HIV risk (ie, outcome) may
vary based on couples HIV status arrangement and may differ
for age discordant partnerships; using these variables in the
minimization algorithm will control against the chance of a
large imbalance that may result in biased inferences. Positive
STI result at baseline was added to the algorithm on October
15, 2018 (after 38 couples had been randomized) to control
imbalance across conditions in this important variable that is
linked to outcome.

Allocation concealment isassured in several ways. Participants
arenot eligiblefor randomization until all baseline components
are complete, and at least two couples have committed to the
same group session date(s). Dates are not, a priori, associated
with study arm or intervention type. When agroup isfinalized,
the data manager isimmediately responsible for implementing
the randomization algorithm and delivering the resultsto session
facilitators. The randomization algorithm is stored in a secure,
restricted, electronic location: only the data manager has access.
The probability of assignment to the intervention yielding the
least imbalance according to the algorithm (referred to as the
biasing probability) is P=.80. Thus, there is aways a random
component to alocation to prevent against deterministic
assigning and corresponding selection bias.

Treatment Conditions
2GETHER (Active)

Overview

2GETHER is a relationship education and HIV prevention
program for young male couples that was devel oped based on
formative mixed-methods research [19,32,59] and integration
of componentsfrom the Strengthening Same-Sex Rel ationships
program [37]. 2GETHER wasinitially designed as an in-person
intervention, consisting of two group sessions focused on
didactics, and two individualized couple sessions focused on
skills implementation.
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2GETHER teaches couples to use relationship education skills
(ie, communication skills training, coping skills,
problem-solving, acceptance) asaplatform for optimizing their
relationship functioning, improving their sexua health, and
reducing HIV transmission risk. 2GETHER addresses HIV
transmission risk in couples regardless of HIV status; couples
learn to use behavioral and biomedical approaches to prevent
both HIV acquisition (eg, HIV testing, condom use, PrEP) and
transmission (eg, medication adherence to reduce vira load).
Intervention content has been described in detail in manuscripts
describing the nonrandomized pilot feasibility and acceptability
trial [8] and a practical paper aimed at describing the
implementation of relationship education for HIV prevention
[60].

Online Adaptation and Pilot Trial of 2GETHER USA

To address the specific needs of young male couples outside of
urban areas, we adapted 2GETHER for online administration
(hereafter referred to as “ 2GETHER USA™) in two phases:. (1)
an initial content adaptation; and (2) a small pilot feasibility
trial (N=10 dyads/20 individuals). During Phase 1, the study
team reviewed the technical and usability merits of various
videoconferencing platforms, followed by run-throughs of the
group and individual sessions using the most promising
platforms. We elected to use BlueJeans (BlueJeans Network,
San Jose, California, United States) as our videoconferencing
platform because it alowed for the highest degree of
functionality (eg, hosting group chats, streaming video content
live) and usability while minimizing technical issues (eg, strong
connectivity, few interrupted sessions). Next, we completed
several more rounds of internal content run-throughs and
finalized study protocols for the Phase 2 small pilot feasibility
trial. This involved finalizing protocols for national online
recruitment strategies, remote baseline completion (including
STI home testing and remote completion of couples
communication tasks), and videoconference implementation of
intervention sessions. We also made several dterations to
address participant fatigue and enhance participant rapport,
based on staff feedback and review of the telehealth literature
[42]. First, we split the two group sessions into three sessions
to minimize any loss of attention during remote sessions.
Second, the group sessions involve a fair amount of didactic
presentation, which is harder to follow for extended periods on
videoconference. Thus, we prerecorded videos of the narrated
didactic material (ie, PowerPoint presentations) and sent them
to participants one week before group sessions (ie, three
20-minute self-paced modul es per week). Thisfacilitated briefer,
more focused group sessions that emphasized discussion of
intervention content and participant experiences that were
already present in the origina protocol. The structure and
content of the individualized sessions, including live remote
facilitation, were retained in 2GETHER USA. Findly, we
developed specific training protocols to assist facilitators in
speaking more clearly and conveying affect, which is more
difficult through videoconference, in order to optimize rapport.

In Phase 2, we conducted apilot trial of the adapted intervention
with ten dyads (individual N=20). Participants were diverse in
terms of race/ethnicity, HIV status, and geographic location.
Participants completed a baseline assessment, consisting of

JIMIR Res Protoc 2020 | vol. 9 | iss. 1 |e15883 | p.38
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

three components: (1) online self-report questionnaire; (2)
at-home testing for urethral and recta Chlamydia and
Gonorrhea; and (3) video-recording a couple communication
task. They then completed group skill-building sessions,
followed by individualized couple sessions for skill
implementation. Upon completion of the intervention,
participants completed a 2-week posttest and exit interview.

Regarding feasibility and acceptability, recruitment was rapid
(ie, al participants recruited and enrolled January-February
2018), and couples were diverse in terms of demographics. All
participants completed all intervention sessions and study
components and reported few concerns with format or content.
With regard to baseline assessment, some participants struggled
to complete at-home STI testing and the video-recorded
communication task promptly. We thus simplified instructions
for these tasks and allowed couples to schedule appointments
with staff to record the communication task remotely. We
experienced occasional  connectivity  issues  during
videoconference sessions and difficulty coordinating participant
schedules acrosstime zones. We modified protocolsto minimize
thesebarriers (eg, smplifying technical instructions, scheduling
by time zone).

2GETHER USA Content Overview

The fina 2GETHER USA program, after adaptation, piloting,
and refinement based on participant and facilitator feedback, is
comprised of five sessions. First, couples complete three
videoconference group sessionsaimed at skills building. Before
each session, participants view three, 20-minute, self-paced
video modules that address communication skills, coping with
stress (both general and sexual minority-specific stress),
relationship sexual satisfaction, and HIV transmission risk
within the dyad and with outside partners. After viewing these
modules, weekly one-hour videoconference group discussions
led by two facilitators reinforce core conceptsthrough structured
conversations about how skills apply to couples’ relationships.
We cannot guarantee that couples viewed the video modules,
S0 each group session contains a review of core content.
Participants are asked if they were able to watch the videos in
order to guide the extent to which core content needs to be
reinforced during group discussion. Videoconference groups
are attended by 2-6 couples (both members of the couple must
attend and be collocated) who can all see one another, with the
screen enlarged on whomever is currently speaking, which helps
to build community and facilitate group learning. If a couple
does not show up to agroup session, we proceed with the session
(evenif only one couple attends) and conduct amake-up session
with the missed couple. In rare cases, couples may proceed with
the intervention without having completed one or more group
sessions, but we seek to incorporate missed content into
remaining sessions.

Next, each couple completestwo individualized couple sessions
via videoconference with a program facilitator (with no other
couples attending), aimed at skills implementation. The first
individuali zed session focuses on communication skills coaching
and problem-solving, in which couples discuss up to two areas
of disagreement. Each partner communicates concerns, actively
listens to their partner, and discusses problem-solving, with
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guidance and corrective feedback from thefacilitator to facilitate
effective use of these skills. The second individualized session,
and the zenith of the intervention, focuses on sexual health.
Utilizing effective communication skills, couples discuss sexual
satisfaction within the dyad, their preferencesfor amonogamous
or nonmonogamous relationship agreement, and biomedical
and behavioral HIV prevention strategies. HIV-negative and
unknown status participants receive HIV testing during this
session, while HIV-positive participants and HIV-negative
participants on PrEP receive medication adherence counseling,
based on the Life-Steps protocol [51]. If participants test
preliminary HIV positive, we provide participantswith resources
for confirmatory testing and linkage to care in their area of
residence. At the end of the sessions, couples draft a detailed
relationship agreement, which includes specific rules about
monogamy or nonmonogamy and HIV prevention practices.
After establishing an agreement, the coupl e discusses strategies
for maintaining or altering the agreement in the future, as well
as how they will handle agreement breaks if they occur.

Existing Public Health Practice (Control)

The public health practiceintervention that couplesin the control
condition receive depends on the HIV-status of the partners:
HIV-negative/unknown  status participants receive a
single-session of Testing Together [25], HIV-positive
participants receive a single session of Medication Adherence
and Risk Reduction Counseling [51], and serodi scordant couples
receive both protocols in a single session. Testing Together,
previously known as Couples HIV Testing and Counseling, is
apublic health strategy designed for two or more persons who
arein, or planning to be in, a sexual relationship who receive
HIV testing servicestogether (including their HIV test results).
Testing Together facilitates communication and disclosure of
HIV status between the two partners, while also supporting
linkage to HIV medica care, PrEP, and other appropriate
services. Testing Together creates an opportunity for couples
to discuss and prepare a risk-reduction plan based on the HIV
status of both partners. Couples in which at least one member
is HIV-positive receive Medication Adherence and Risk
Reduction Counseling, which was devel oped based on Safren
and colleagues Life-Steps protocol [51]. Based on
cognitive-behavioral therapy principles, this session focuseson
identifying motivations for and barriers to antiretroviral
adherence, as well as making a plan for optimizing medication
adherence and reducing HIV transmission risk. For
serodiscordant couples who receive both Testing Together and
Medication Adherence Counseling, the protocol emphasizes
engaging each partner as an equa participant in both
interventions, with the ultimate goal of reducing transmission
risk within the dyad and with outside partners.

Facilitator Training, Fidelity, and Supervision

All intervention facilitators hold abachel or’s degree at minimum
and have direct experience working in research or social service
settings with young adults or MSM. Instead of emphasizing
advanced education and training, our hiring practices prioritize
community-based and direct service experience, including HIV
testing and counseling, health education, teaching, counseling,
research administration, and program coordination. Using
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bachelors-level facilitators (instead of menta health
professional s) with rel evant community-based experience means
that the program will be easier to implement in community
settings, which is an important consideration when designing
interventions that contain group and individual session
components. Given that all public health practice control content
is also presented in the 2GETHER USA active condition, this
study utilizes the same facilitators for the active and control
conditions.

Each facilitator completed an intensive eight-week training
protocol, which included Communication Skills Coaching, HIV
Test Specimen Collection and Interpretation, HIV Risk
Reduction, Testing Together, and session-specific intervention
content. As part of thetraining, all facilitators completed mock
session run-throughs with the Principa Investigator,
Coinvestigator/Supervision Lead, and Project Coordinator for
feedback. To reinforce facilitator skill-building, facilitators
completed mock sessions with patient simulators who were
given a case description (ie, individual characteristics,
relationship history, relationship dynamics, and session-specific
scripts). Patient simulation allowed facilitators to experience
“real-life” sessions, aswell ashow to handle potentially negative
or hostile situations, deliver HIV-positivetest results, and guide
and direct effective communication practice among dyads.

Fecilitators will receive weekly supervision on their
audio-recorded individual 2GETHER USA couples’ sessions.
Supervisionisprimarily provided by one of three doctoral-level
clinical psychologists and a masters-level HIV test counselor
inagroup setting. During group supervision, relevant segments
of audio are played toillustrate both areas for improvement and
ways facilitators skillfully handled difficult situations. As
facilitators master the 2GETHER USA content, they are given
opportunitiesto provide mentored peer supervision. Supervision
for the public health practice control condition is conducted
separately using an analogous format, led by a masters-level
HIV testing counselor. Given that this trial uses the same
facilitators across conditions, supervision aimsto minimize drift
in content across conditions by identifying moments when
facilitators break condition fidelity.

To ensure fidelity to the intervention manuals, and thereby the
essential components and content of theintervention, facilitators
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audio-record al 2GETHER USA and public health practice
sessions. A total of 20% of sessions (both group and
individualized coupl e sessions) arerandomly selected for review
by an independent assessor to validate appropriate content
delivery. All staff memberstrained inintervention delivery will
assist with fidelity monitoring. Facilitators are eligible to
conduct fidelity assessments only for those couples with whom
they did not work in either group or individual sessions to
minimize bias. Fidelity monitoring assessors will complete a
dichotomous checklist indicating whether or not the central
components of each intervention session were completed and
dedlivered effectively by facilitators. They will aso ratefacilitator
time management, completion of collaborative activities,
addressing participant concerns and questions, stimulating
conversations, familiarity with session content and materials,
and ability to devel op arapport with participants.

Study Assessments

After participants complete couple verification, each individual
in the dyad is sent materials to complete their baseline
assessment, which consists of a self-report survey hosted on
REDCap, a video-recorded couple communication task, and
self-collected ST testing for urethral and rectal Chlamydiaand
Gonorrhea. The“baselinekit” containsdetailed instructionsfor
completing each component of the baseline. Based on prior
work conducted in our group [61], we provide a guide for
self-collection of STI samples and instructions for mailing the
materials to the lab. STI testing results are delivered to each
participant individually via phone, including referrals for
treatment in the participant’s area of residence. Participants
complete self-reported questionnaires at al follow-up points
(ie, 3-, 6-, 9-, and 12-months postintervention), and they
compl ete the couple communi cation task and self-collected STI
and HIV testing at the 12-month follow-up. If a couple breaks
up during the follow-up period, each individual still completes
follow-up surveysand STI testing. If individual sthen enter into
new relationships, we gather information on their current
relationship functioning in order to assess whether skills
generalizeto future relationships. Participants are compensated
US $50 for completing each assessment time point, for a total
of up to US $250 for each member of the dyad. See Figure 1
for the flow of events for participants and Table 1 for alist of
primary and secondary outcomes by assessment timepoint.
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Table 1. Primary and Secondary Outcomes and Assessment Schedule

Newcomb et al

Outcome type, construct M easure/Operationalization

Measurement schedule

Baseline 3 months 6 months 9 months 12 months
Primary
HIV risk behavior Condomless anal sex with aserodiscordant O O O O O
main partner or any casual partner [62]
STI%incidence Urethral and rectal Chlamydiaand Gonor- [ o
rhea: AptimaCombo 2 GC/CT nucleic acid
amplification test [63]
Secondary: dyadic HIV risk
Relationship agreements Partner concordance in (non)-monogamy [ O O O O
agreement type and rules
Agreement breaks Past 3-month breaksin (non)-monogamy O ad ad O ad
agreement rules
Secondary: HIV prevention and care continua
HIV/STI testing Assessing past 3-month HIV and STl testing O ad d d ]
history
PrEP? use and adherence Current & past 3-month PrEP use; adher- O 0 0 o o
ence over 7-, 30-, and 90-days [64-66]
ART® adherence and viral suppres-  Adherence over 7-, 30-, and 90-days; self- [ 0 0 g |
sion reported viral load (detectable/
undetectable) [65]
Secondary: relationship functioning
Relationship satisfaction Couples Satisfaction Index: 4-items [67] ad ad ad O
Communication (self-report) Communication Skills Test: positive and ad
negative scales adapted [68]
Communication (objective) 10-minute recorded communication task O O
[69-71], coded with Interactional Dimen-
sions Coding System [72]
Secondary: substance use
Alcohol problems Alcohol Use Disorders Identification Test [ O O O O
(73]
Marijuana problems CannabisUse Disorders|dentification Test- [ O O O O
Revised [74]
Other drug use Past 3-month use of prescription and illicit O O O O O

drugs[75,76]

83T1: sexually transmitted infection
bpreP: preexposure prophylaxis
CART: antiretroviral therapy

Analytic Plan

Chi-sguaretests and analysis of variance will be used to test for
randomization imbalances on demographic factors, primary
outcomes, and prognostic variables (ie, couple-level HIV-status,
age discordance, and individual-level STI results) at baseline
among the two treatment conditions. Observed imbalanceswill
be adjusted for using baseline data in all subsequent analyses
of treatment effects.

The primary biological outcome, changein STI prevalencerates
between baseline and 12-month follow-up, will be examined
using a Cochran-Mantel-Haenszel test of two independent
binomial proportions. Thistest will allow for stratification while
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testing for significant associations between two binary variables.
The primary behavioral outcome, condomless anal sex with
casual partners or with serodiscordant main partners, and
secondary outcomes will be assessed using multilevel growth
modeling to adjust for the nested nature of our data. Initial power
analyses to determine the sample size for 2GETHER was
conducted based on individua-level outcomes so that
partnerships breaking up throughout the study would have a
limited effect on power, and power analyses assumed an
approximate 20% attrition at 12-months. Latent growth curve
factors will be formed for each outcome using data from the
four follow up surveys (3-, 6-, 9-, and 12-month). Models will
include the latent intercept and slope formed at the individual
level for each outcome. The 2GETHER treatment condition
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will be entered as a dyad-level predictor of the latent intercept
and dope. Significant treatment differences on the intercept
will indicate differences in the outcome at the 3-month
follow-up. By changing the referent time point for the intercept,
we will aso test for differences at 6-, 9-, and 12-months.
Significant treatment differences on the slope term will indicate
different trajectories of change for that outcome among the two
study conditions.

For outcomeswhere significant differences have beenidentified
based on treatment condition, relationship functioning, and
substance use problemswill be explored as potential mediating
factors within the multilevel growth modeling framework
described above. Variables will be identified as suitable
mediatorsif, like the outcome, the treatment effect isrelated to
change in the potential mediator. Mediated pathways will be
identified using aparallel process approach where the treatment
effect predicts change in both the mediator, which will be
modeled as a lagged effect to maintain the temporal order
necessary for mediation, and the outcome [77]. The indirect
effect of the treatment on the outcome through the lagged
mediator will be cal culated using a percentile bootstrap test. To
address partners who break up in analyses where relationship
functioning isthe mediator, we will incorporate data about their
new serious partner if the participant reports one or treat that
variable as missing if they report no serious partner at that
follow-up.

Results

Thisefficacy trial isongoing. Asof October 11, 2019, 140 dyads
(individual N=280) had completed all baseline assessment
components and had been randomized to either 2GETHER USA
or public health practice. At the conclusion of the study, we
will have enrolled and randomized 200 dyads, or 400
individuals. The final sample will be diverse in terms of
race/ethnicity, HIV status, geographic region, and urban or rural
location.

Discussion

Although YMSM are the group at highest risk for HIV in the
United States [1], relatively few preventive interventions have
been devel oped that take into account the unique devel opmental
needs of thispopulation [78]. Further, alarge proportion of new
HIV infectionsin MSM occur in the context of seriousromantic
relationships[2,3], particularly among YMSM [3]. 2GETHER's
unique approach of integrating relationship education and HIV
prevention for young male couples has a strong potential to
reduce HIV transmission risk among those at the highest risk.

In addition to establishing the efficacy of a novel HIV
prevention program for YMSM, this evaluation of 2GETHER
makes several innovative contributionsto HIV prevention. First,
although the number of available HIV prevention programs for
YMSM ison therise [78], very few couples-based preventive
interventions are available for YMSM in serious rel ationships.
2GETHER is also unique in that it integrates primary and
secondary HIV prevention by enrolling both HIV-positive and
HIV-negative individuals (in any arrangement of HIV statuses
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within dyads). Further, it moves beyond simply advocating for
condom use by integrating information about both behavioral
and biomedical prevention strategies that are relevant to
individuals of any HIV status. This comprehensive approach
to sexua health is especially important when working with
couples because they are simultaneously trying to build dyadic
intimacy and pleasure while also preventing HIV/STI
transmission, goals which may be at odds with one another if
they are not navigated effectively.

Even among the minimal number of available, couples-based
approaches to HIV prevention for MSM, 2GETHER was the
first published pilot trial of an intervention that placed an equal
emphasis on rel ationship education and sexua health (including
HIV prevention) in young male couples, and we now aim to
assess its efficacy. It is our belief that if a couple can optimize
their relationship functioning first (eg, improve communication
and satisfaction), then they will be better able to navigate
complex conversations about sexual health and safety. Indeed,
we assert that our approach of leading with relationship
education has the potentia to provide health benefits beyond
HIV prevention, including couples-based mental health
treatment and substance use reduction. Thisisimportant because
YMSM report fatigue associated with HIV prevention
messaging, but they express a desire for programs that address
their health more broadly, including rel ationship education [32].
Since the completion of our original pilot trial, 2GETHER is
now one of several interventions that addresses both HIV
prevention and rel ationship skills[26,79]. For example, the We
Prevent program [79], which isin its initial phases of testing,
is adapting relationship skills for adolescent MSM in romantic
relationships in order to prevent HIV transmission.

Finally, the online adapted version of 2GETHER described in
this manuscript offers specific innovation above that provided
by the original, in-person version of the program. Specifically,
the delivery of 2GETHER to couples across the country via
videoconference provides much-needed rel ationship education
and sexual health services for couples that often lack
LGBTQ-affirming health care (eg, rurad YMSM). While
asynchronous telehealth programs also have the potential to
increase the reach of affirming and effective services to
nonurban populations, they do not offer the opportunity for
participants to interact in vivo with a facilitator and receive
in-the-moment feedback about the implementation of their skills.
If efficacious, the approach used in 2GETHER has tremendous
potential tofill the health care needs of Y MSM who lack access
to carein physical spacesin their area of residence.

There are several limitations inherent in the trial design. First,
participants are likely not blinded to their intervention condition,
given that the control condition is not attention-matched and is
a single-session protocol based on existing public health
practice. Second, intervention facilitators conduct sessions for
both the active and control conditions. Supervision focuses on
minimizing drift in condition content, but facilitators may
periodically compromise fidelity to a given protocol because
they facilitate sessions for both conditions. Finally, while
recruiting participants from across the United States increases
the ability to make inferences about generalizability, the final
sample will not be representative. Despite these limitations,
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2GETHER is a highly innovative and promising approach for  and relationship education, adapted for remote administration
improving relationship functioning and reducing HIV risk in  viavideoconference, for adiverse group of young male couples
young male couples. This RCT will provide important acrossthe United States.

information about the efficacy of couples-based HIV prevention
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Abstract

Background: Colorectal cancer (CRC) has been reported as the third most commonly diagnosed cancer worldwide and is
currently considered asamajor public health concern. A peak increase in incidence has been noted in economically transitioning
countries like Morocco where industrialization started shifting from a traditional lifestyle and diet toward a more westernized
diet and lifestyle.

Objective: This paper aims to present the protocol of a large-scale Moroccan case-control study that aims at investigating
associations of diet, other lifestyle factors, and genetic traits with CRC risk in Morocco.

Methods: A case-control study was conducted between 2009 and 2017, including 3032 case-control pairs (1516 cases and 1516
controls) matched on sex, age, and center in 5 major public health hospitals in Morocco. Questionnaires on sociodemographic
data, lifestyle, family history of CRC, and nonsteroidal anti-inflammatory drugs (NSAIDs) were completed by trained investigators
during face-to-face interviews. In addition, participants completed a semiquantitative food-frequency questionnaire, devel oped
to assess food intake in the Moroccan population. Information regarding genetic factors was recorded for cases, and paraffin
blocks (with embedded tumor tissues) are availablein 3 collaborating hospitals. Conditional logistic regression analysisis planned
to assess associations between diet and CRC risk. Binary logistic regression is considered to predict associati ons between mutations
and nutritional risk factorsincluding only CRC case series.

Results: Altogether, 2966 cases-control pairs (1483 cases and 1483 controls) were considered eligible and included in this
study. Both cases and controls did not differ significantly with respect to age (P=.36), sex (P=.51), center (P>.99), marital status
(P=.30), and NSAID use (P=.08). However, participantsin the control group were significantly morelikely to have ahigh income
level and live in urban areas and to have ahigh level of education than cases.

Conclusions: This is the first study investigating potential risk factors of CRC such as lifestyle, diet, and genetic factors,
originating from a southern Mediterranean country with low but increasing CRC prevalence. Identified risk factors allow the
establishment of evidence-based preventive actions regarding nutrition and other lifestyle habits adapted to the Moroccan context.
In brief, this study will promote cancer research and prevention in Morocco.

International Registered Report Identifier (IRRID): RR1-10.2196/13998

(JMIR Res Protoc 2020;9(1):€13998) doi:10.2196/13998
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Introduction

Background

Colorecta cancer (CRC) is the third most common cancer in
men and the second most common cancer in women worldwide
[1,2]. The high CRC incidence and magnitude make it a redl
public health concern[3]. Therefore, it isessential to determine
its risk factors as a basis for evidence-based prevention
strategies. The risk factors of CRC are complex and involve
genetic and environmental factors [4,5]. Indeed, 30% to 70%
of CRCsare considered to be because of environmental factors
such aslifestyle and eating habits [6-8].

According to the recent World Cancer Research Fund
(WCRF)/American Institute for Cancer Research (AICR) 2018
report, high red and processed meat intake, high body fatness,
high consumption of acoholic drinks, and low levelsof physical
activity have been associated with increased CRC risk, whereas
dietshighin antioxidants, in particular fruits and vegetables, or
fibers have been associated with reduced risk [9]. A high body
mass index is associated with an increased risk of occurrence
of large adenomas at the level of the colon and rectum [10].

CRC incidenceisindeed particularly high in Western countries
with high meat consumption, such as Australia and the United
States[11], whereas|ower in Mediterranean countries[1] which
could potentially be attributed to the quality of the
Mediterranean diet, including high consumption of fruits,
vegetables, and olive oil [12].

Regarding genetic factors, epidemiological studies conclude
that the risk of developing CRC increases with increasing
first-degree family history [13]. Severa recent studies attempt
to show a potentia interaction between genetic predisposition
and dietary factors[14]. One of theseinteractions could involve
the acetylator status [15]. Indeed, rapid acetylating subjects
(rapid phenotype of N acetyl transferase [NAT2]) are more
likely to develop CRC, particularly when consuming overgrilled
meat, through greater activation of heterocyclic amines [15].
Another example demonstrating the importance of considering
genetic status is the analysis of certain mutations that occur in
the early stages of CRC such as Kirsten rat sarcoma (KRAYS)
and proto-oncogene B-Raf (BRAF) mutations. These mutations
were associated with certain foods, nutrients, and micronutrients,
and it has been suggested that the risk of KRAS and BRAF
mutations may depend on dietary and lifestyle factors [13,16].

The majority of studies investigating CRC risk factors have
been conducted in countries with high CRC prevalence [11].
Results from these high-prevalence studies are sometimes
controversial and not aways applicable to low-prevalence
countries such asMorocco, which have started fedling the effects
of the triple demographic, epidemiological, and nutritional
transition [17-19].

https://www.researchprotocol s.org/2020/1/€13998
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According to the cancer incidence data from Globocan 2018,
CRC ranks as the third most common cancer in Morocco after
lung and prostate cancer in men and after breast and cervical
cancer in women (8.7% and 7% of al types of cancer,
respectively). Furthermore, this number of new cancer cases
seems to increase each year [20,21]. According to the Cancer
Registry of the Greater Casablanca Region (2005 to 2012),
age-standardized incidence ratesrai sed from 3.8 to 8.4 and from
26 to 7.4 per 100,000 in Moroccan men and women,
respectively [20,21]. At the same time, cancer risk factors and
behaviors of the Moroccan population are progressing rapidly
owing to profound societal and industrial changes. This
progression would also be linked to the nutritional transition
that shows local specificities so far scarcely documented [22].

Moroccan food habits are characterized by their tradition and
culture but also by profound changesto aWestern lifestyle[22].
Increasingly, the westernization of food fadsthat is characterized
by more consumption of red meat, processed meat, al cohol, and
junk food is observed, all this in a context of a sedentary and
stressful lifestyle[11]. Given that the majority of these changes
are considered to be CRC risk factors, this could explain part
of the increasing incidence rates in a country supposed to be
low in CRC incidence.

Objective

In Morocco, to our knowledge, no previous study has
investigated associations between these risk factors and CRC.
Therefore, we designed a multicenter case-control study to
evaluate the relationship of the Moroccan diet, physical activity,
and other lifestyle habits with CRC risk. This study will also
describe the genetic profiles of CRCs in Morocco and their
interaction with food intakes. Finally, we will also select CRC
index cases that would identify family cancersin Morocco.

Methods

Design

Thiscase-control study was conducted between September 2009
and February 2017 in 5 major public health hospitals in
Morocco, namely, the University Hospital Center (UHC) Hassan
Il of Fez, UHC Ibn Sina of Rabat, UHC Mohammed VI of
Oujda, UHC Ibn Rushd of Casablanca, and UHC Mohammed
V1 of Marrakech. The sample size estimation was based on red
meat consumption as one of the main exposures of interest.
According to the National Survey of Dietary Habitsin Morocco,
the proportion of Moroccan adults eating red meat at least twice
aweek was 62.7% [23]. The sample size was calculated using
the following formula specific for individual-matched
case-control studies (Figure 1) [24], considering atype | error
(Cronbach apha) egual to 5%, a statistical power of 90%
(beta=.10), and a minimum difference in terms of risk of 43%
as reported by the WCRF/AICR report [5].

JIMIR Res Protoc 2020 | vol. 9 | iss. 1 |€13998 | p.49
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Figure 1. Formula specific for individual-matched case-control studies.
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n. =
© W — 1 (Y + 1)Po,
n.: Sample size for case-control pairs

¥: OR Odds Ratio

exposed.

C[Z+ 1D+ 225 W] _

P,: The probability of obtaining a matched pair in which the case is unexposed and the control is

The number of pairsrequired for the study was 1496, that is, in
each of the 2 groups 1496, which was rounded to 1500.

Definition of Cases and Controls

Cases were patients who had newly confirmed CRC diagnosis
by histopathology less than 3 months before the interview and
who did not start any therapeutic protocol (chemotherapy,
radiation therapy, hormone therapy, or surgery) yet at the time
of inclusion. However, for some patients included in the study,
the diagnosis was done at the time of surgery. For the exclusion
criteria, patients who had received chemotherapy, radiation
therapy, or hormone therapy were excluded as they were not
considered as newly diagnosed, and the therapy may affect their
lifestyle habits.

Each case was matched with a control subject by age (£5 years),
sex, and center. Other eligibility criteriaincluded thefollowing:
at least 18 years old, no prior history of diabetes mellitus,
capability to give consent, and ability to communicate and carry
out the interview. Extra exclusion criteria were patients under
exclusive palliative treatment and patients confined to their
chairs or beds.

Controls were selected from the same local population and in
the same hospitals as cases, among healthy subjects
accompanying other patientsor visitors. Eligibility criteriawere
the same as for cases, except that the controls should not have
any persona history of CRC or any other type of cancer.
Unfortunately, we did not have the funding to carry out afecal
occult blood test or colonoscopy for controls. However, to avoid
(or minimize) the inclusion of false controls, questions about
their medical history and clinica symptoms related to CRC
were systematically asked to all controls.

Data Collection

Data were collected through face-to-face interviews conducted
by trained investigators. All participants were asked to answer
questionnaires on the following topics.

Sociodemographic I nformation

It includes age (obtained from personal identification numbers);
sex; center (Rabat, Marrakech, Fez, Oujda, and Casablanca);
residency (urban and rural); profession (employed, retired,
unemployed, housewife, and student); marital status (single,
married, divorced, and widow[er]); education level (illiterate,
primary, secondary, and higher); income level (<2000 MAD
[Moroccan dirham], 2000-5000 MAD, >5000 MAD); and type

https://www.researchprotocol s.org/2020/1/€13998

of habitat (luxurious habitats, new medina, slum habitats,
modern habitat, and old medina).

Clinical Data

Clinical datawere collected regarding their CRC diagnosis (the
type of cancer, the date of biopsy, the stage of cancer, operated
patient, and date and type of surgery), family history of CRC
infirst- and second-degree rel atives, and the use of nonsteroidal
anti-inflammatory drugs (NSAIDs).

Substances Use

It includes alcohol consumption and smoking status. Alcohol
consumption was divided into 2 categories: never and current
consumers. The current consumers were asked to precise the
guantity and the frequency of consumption of the 5 proposed
types of acoholic beverages (red wine, white wine, pink wine,
whisky, and vodka). Smoking status was defined according to
the International Union Against Tuberculosisand Lung Diseases
Guide[25]. Respondentswere defined as current smokers (daily
and occasional smokers) if they were smoking at the time of
the survey and had smoked more than 100 cigarettes in their
lifetime. They were defined as ex-smokers if they had smoked
more than 100 cigarettes in their lifetime but stopped smoking
during the past more than 3 months at the time of the survey;
and they were defined as never smokers if they had never
smoked or had smoked less than 100 cigarettesin their lifetime
[25]. Thus, smoking status was divided into 3 categories: never
smokers, ex-smokers, and current smokers.

Physical Activity Levels

To assess the physical activity levels, participants were asked
the average time they spent on the following activities during
the past year: physical activity at work, travel to and from home,
and recreational activities. According to the Global Physical
Activity Questionnaire[26], the number of hours per week spent
engaging in each activity was multiplied by the corresponding
energy expenditure, expressed as metabolic equivalent of task
(MET), and the product was taken asthe physical activity score
expressed as MET-minutes per week. The intensity of physical
activity was classified into 3 categories: light intensity (<600
MET-minutes per week), moderate intensity (600-3000
MET-minutes per week), and vigorous intensity (=3000
M ET-minutes per week).

Anthropometric Measurements

The anthropometric measurementsincluded height and current
weight at the time of the survey and have been extracted from
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medical records, whereas all previous measurements (before
the appearance of the symptoms), waist, and hip sizes were
self-reported.

Dietary Data

Dietary data were collected using a validated semiquantitative
Food Frequency Questionnaire (FFQ) that was developed to
assess food intake in the Moroccan population [27]. It was
inspired from the Global Allergy and Asthma European Network

(GA?LEN) [28] and validated in the Moroccan context [27].

Multimedia Appendix 1 depicts this FFQ that included 255
foodsand thefollowing 32 food groups: (1) bread, (2) breakfast
with grains, (3) couscous (one of the traditional staple foods of
Maghreb countries’ cuisine prepared by durum wheat semolina),
(4) pasta, (5) cake, (6) rice, (7) sugar, (8) sweets without
chocolate, (9) chocolate, (10) vegetable oil, (11) margarine and
vegetable fat, (12) butter and animal fat, (13) dried fruit, (14)
legumes, (15) vegetables, (16) potatoes, (17) fruits, (18) juice,
(19) nonalcoholic beverages, (20) coffeeltea, (21) beer, (22)
wine, (23) other acoholic beverages, (24) red meat and
processed meat, (25) poultry, (26) sekat (offal and brain), (27)
fish, (28) eggs, (29) milk of cow/soya, (30) cheese, (31) other
dairy products, and (32) miscellaneous foods (Multimedia
Appendix 1).

Participants, both cases and controls, recorded their food
consumption of the past year before the interview. Frequency
of food consumption was recorded in 8 different categories
(never, 1-3 times per month, once aweek, 2-4 times per week,
5-6 times per week, once a day, 2-3 times per day, and =4
times/day). Regarding seasonal foods, participants were asked
to answer the question based on intakes during periods/seasons
when these foods are available. The daily intake of the foods
was then cal culated according to the number of months per year
that each seasona food was available. To convert foods into
nutrient intakes, we essentially used food composition datafrom
Tunisia[29] and Morocco [30]. The nutrient and energy intakes
were calculated by multiplying the daily intakes of each food
item by the nutrient and calorie content (per 100 g) of all food
items.

Mint Sidi Ould Deoula et al

In addition, the reproducibility and validity of this FFQ were
evaluated among 105 healthy Moroccan adults. The results
showed a good relative validity (deattenuated correlations
ranging from 0.24 for fiber to 0.93 for total monounsaturated
fatty acids) and a good reproducibility (intraclass correlation
coefficient ranging from 0.69 for fat to 0.84 for Vitamin A)

[27].
Genetic Data

Pathol ogy tumor sampleswere collected for 170 patients, whose
anatomopathological tests were done in the UHCs and whose
block tumors were available. In fact, the majority of patients
are used to do their biopsies outside the university hospitals, in
private sectors, which are difficult to access and not always
willing to participate in research projects. For this reason,
biopsies done in the private sector were not included in this
study. In addition, only 3 out of 5 public health hospitals
provided consent to participate in the genetics part of the study
and because of financial difficulties, only a subsample of
pathological tumor samples was obtained. The tumor samples
were collected between February 2016 and July 2017 from 3
public health hospitals in Morocco (Casablanca, Oujda, and
Rabat). In addition, all molecular analyses were done in the
laboratory of genetics at the University Hospital Hassan |1 in
Fez. A pathologist doctor classified the samples embedded in
paraffin and registered and coded using consecutive and unique
identification numbers. These stored paraffin-embedded tissues
were collected from the 3 UHCs included in this study. DNA
was extracted using an Invitrogen RNA/DNA isolation kit by
manually scraping tissue from unstained slides. The BRAF and
KRAS mutations will be determined by direct sequencing and
analyzed by methylation-specific polymerase chain reaction.

Data Cleaning and Handling

Intotal, the study recruited 3032 subjects (1516 casesand 1516
controls). Table 1 depicts the data cleaning and handling by
reporting the exclusions. Exclusions before starting statistical
analysisincluded participants with unspecified primitive cancer
(n=7), cases with old biopsies (6 cases), participants with
missing dietary data because the FFQ was not well filled (n=10),
duplicate records (n=2), and unmatched records (n=8).

Table 1. Exclusions of study participants (1516 cases and 1516 controls invited in the study) during data cleaning and handling (N=1516).

Exclusion criteria®

Excluded cases, n (%)

Excluded controls, n (%)

Unspecified cancer 7 (0.46)
Patients with old biopsies 6 (0.39)
Food-Freguency Questionnaire empty 10 (0.65)
Duplicate records 2(0.13)
Unmatched cases/controls 8(0.52)
Total 33(2.17)

0 (0.00)
0 (0.00)
10 (0.65)
0 (0.00)
8(0.52)
18 (1.18)

#Total individual matching (included in the study): 1483 cases and 1483 controls.

Participation Rate

The participation rate in this study was 97% (1516/1555) for
cases and 0.75% (1516/2000) for controls. Table 2 depicts the
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missing data of all variables for the final sample included in
this study (1483 cases and 1483 controls).
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Table 2. Missing datafor each variable (1483 cases and 1483 controls).

Variables Subjects with missing information
Cases (N=1483), n (%) Controls (N=1483), n (%)
Surgery type 1(0.06) 0(0.00)
Surgery date 18(1.21) 0(0.00)
Number of years of study 336 (22.65) 408 (27.51)
Current weight 8(0.53) 15(1.01)
Waist size 680 (45.85) 713 (48.07)
Hip size 1019 (68.71) 1006 (67.83)
Family history of colorectal cancer but type of family relationship unknown 2(0.13) 1 (0.06)
Nonsteroidal anti-inflammatory drug use 2(0.13) 3(0.20)
Personal address 27(1.82) 20(1.34)
Heading of food groups 47 (3.16) 48 (3.23)
Cereals 15(1.02) 5(0.33)
Oils 4(0.26) 2(0.13)
Butter 1(0.06) 0 (0.00)
Nonstarchy vegetables 3(0.20) 9 (0.60)
Starchy vegetables 4(0.26) 2(0.13)
Soft drink 9 (0.60) 13 (0.87)
Tea 1(0.06) 3(0.20)
Coffee 1 (0.06) 1(0.06)
Red meat 9 (0.60) 13(0.87)

Ethics and Availability of Data

The protocol of this study has been reviewed and approved by
the ethics Committee at the University of Fez in September
2009. Written informed consent was obtained from all
participants before enrollment. Confidentiality of datais secured
by removing personal identifiers from the datasets.

Statistical Analysis

The descriptive information of the categorical variables was
presented as the frequency of each category and for the
continuous variables by means and standard deviation.
Differences between continuous variables were examined by
using the student t test (2 tailed) for matched samples.

https://www.researchprotocol s.org/2020/1/€13998
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Chi-sguare tests (McNemar) were used to examine differences
among categorical variables.

Results

Asof February 2017, we enrolled 2966 cases and controls (1483
cases and 1483 controls) considered eligible and included in
our study. To date, the genetic part of the study is still ongoing.
Table 3 shows the sociodemographic variables and lifestyle
factorsamong CRC cases and controls. Both casesand controls
did not differ significantly with respect to age (P=.36), sex
(P=.51), center (P>.99), marital status (P=.30), and NSAID use
(P=.08). However, participants in the control group were
significantly higher educated than cases.
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Table 3. Main characteristics of cases and controls in the Moroccan colorectal cancer case-control study.

Characteristics Cases (N=1483) Controls (N=1483) P value?

Matching variables

Age at recruitment (years), mean (SD) 56.45 (13.98) 55.51 (13.73) .36
Sex, n (%)
Female 746 (50.30) 746 (50.30) 51
Male 737 (49.69) 737 (49.79) _b

Center, n (%)

Rabat 482 (32.50) 482 (32.50) —
Marrakech 27 (1.82) 27 (1.82) >.99
Fes 241 (16.25) 241 (16.25) —
Oujda 251 (16.92) 251 (16.92) —
Casablanca 480 (32.36) 480 (32.36) —

General characteristics
Residency, n (%)
Urban 1021 (68.84) 1117 (75.32) .001
Rural 462 (31.15) 366 (24.67) —
Marital status, n (%)

Single 142 (9.57) 146 (9.84) —
Married 1128 (76.06) 1138 (76.73) .30
Divorced 47 (3.16) 59 (3.97) —
Widow(er) 166 (11.19) 140 (9.44) —
Education level, n (%)
lliterate 936 (63.11) 748 (50.43) —
Primary 281 (18.94) 276 (18.61) .001
Secondary 178 (12.00) 271 (18.27) —
Higher 88 (5.93) 188 (12.67) —

Income level (Moroccan dirham), n (%)

<2000 1216 (81.99) 1061 (71.54) —
2000-5000 208 (14.02) 299 (20.16) .001
>5000 59 (3.97) 123 (8.29) —

Family history of colorectal cancer, n (%)

Yes 83 (5.59) 12 (0.80) .001

No 1400 (94.40) 1471 (99.19) —
Past regular nonsteroidal anti-inflammatory drug use, n (%)

Yes 105 (7.08) 126 (8.49) .08

No 1378 (92.91) 1357 (91.50) —

8Djfferences between continuous variables were examined by using student t test. Chi-square tests (McNemar) were used to examine differences among
categorical variables.

BNot applicable.

Compared with controls, caseswere morelikely to have afamily
history of CRC. At last, caseswere dlightly but not significantly
older than controls (mean 56.45 years, SD 13.98 yearsvsmean  The primary aim of this study was to evaluate the relationship

5551 years, SD 13.73). of diet, physical activity, and other lifestyle habits with CRC
risk in Morocco. To our knowledge, this is the first study

Discussion
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designed to investigate this association in the Moroccan context.
Similar studies have been conducted mostly in western countries
[31-34] and few of them in some countries of the Middle East
and the Northern African (MENA) region, 2 regions that are
culturally quite similar to Morocco.

The studies conducted in the MENA region had low sample
sizes, and their results could not be considered as representative.
In addition, cases were not necessarily newly diagnosed with
CRC [35,36]. This might affect the reliability of the results as
cases may changetheir dietary habits after diagnosis. Moreover,
the control groups were selected among patient’s visitors, and
the authors of these studies did not check for familial
relationships between cases and their matched controls, what
could potentially introduce selection bias and overmatching
problems. Besides, all these case-control studies [37-42] used
matching methodsto control for some confounding factors such
as age and sex. Nevertheless, they did not use the model of
conditional regression for statistical analysis, which is highly
recommended for this type of study design [43]. At the
international level, many case-control studies have been
conducted in Western countries with strong methodol ogies and
great statistical power [44,45]. These reported strong evidence
for the association between some foods and CRC risk, such as
red and processed meat and dairy products [46-48]. Other
associations are either controversial or not approved yet [10,49].
Furthermore, al these western studies did not include dietary
habits from other regions of the world including the MENA
region or Morocco. Moreover, the results drawn from some
strong associations found for some foods, such as pork and
alcohol [32,44], may not be applicableto the Moroccan context,
where these types of foods are not commonly consumed for
cultural or religious reasons. Therefore, this Moroccan
case-control study checkswhether or not the CRC-related factors
are the same as in western countries. It also describes the
specificities of Moroccan food habitsin relationto CRCrisk in
Morocco.

This study has some potential limitations. The major one may
betherecall biasthat isknown to berelated to any retrospective
study and was minimized in this study through the enrollment
of the newly diagnosed patients who presumably remember

Mint Sidi Ould Deoula et al

their eating habits just before the onset of their illness better
than after therapy or at more advanced cancer stages. The
lengthy recall of dietary information can be considered as the
second limitation. However, it could also be considered as an
advantage of the study that very detailed dietary intake data
were collected and availablefor statistical analyses; conversely,
short dietary questionnaires may underestimate the true variation
in food intake. Furthermore, the measurement error associated
with the FFQ is another possible limitation of our study. To
minimize the effect of these biases and errors and to avoid the
likely influence of the lengthy recall of dietary information on
data quality, interviewers were trained to help participants to
fill inthe questionnaire by clarifying questionsif needed, which
may increase the accuracy of answers. In addition, the dietary
guestionnaire has been validated, showing moderate to good
validity.

The use of visitors as controls is another potential limitation of
the study. In fact, recruitment of controls from outside the
hospital setting was not feasible. Thus, we selected healthy
subjects accompanying other patientsor visitorsas controls. As
acondition of recruitment to avoid biasrelated to such controls,
visitors must not be a relative or the patient’s partner. We also
made sure that they did not have the same family history and
did not live in the same circumstances. The majority of those
recruited were friends or neighbors of the patients.

The major strength of this study isthat it isthe first of itskind
investigating potential risk factors of CRC such as lifestyle,
diet, and genetic factors, originating from a southern
M editerranean country with low but increasing CRC prevalence.
Its multicentric design and itslarge sample allow usto describe
the national food habits as well as the epidemiological profile
of Moroccan CRC cases. Moreover, dietary datawere collected
through a validated FFQ [27], in addition to a large battery of
other lifestyle behaviors.

Identified risk factors will alow the establishment of
evidence-based preventive actions regarding nutrition and other
lifestyle habits tailored to the African, more particularly
Moroccan, context. To conclude, thisstudy will promote cancer
research and prevention in Morocco.
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Abstract

Background: Polycystic Ovary Syndrome (PCOS) is a common endocrine condition characterized by irregular periods and
hyperandrogenism. Adolescents with PCOS have impaired quality of life (QOL) and increased psychological distress.
Transcendental Meditation (TM) isawell-established self-management strategy that has been used to improve stressand well-being.
A meta-analysis of TM trials has shown beneficial effects on stress and blood pressure in adults. Recent data are suggesting that
another self-management strategy called a mindfulness stress management program hasarolein improving QOL in women with
PCOS, but there are no studies in adolescents.

Objective: This study aimsto evaluate the effect of TM on QOL and psychological distress in adolescent girls with PCOS.

Methods: This study is arandomized controlled trial that will be conducted over eight weeks at the Women's and Children’s
Hospital in Adelaide, South Australia, to determine the effect of TM on QOL and psychological distressin adolescent girls (aged
12-20 years) with PCOS. A total of 40 girlswill be randomized into either the TM (n=20) or control group (n=20). The TM group
will be asked to practice TM in a comfortable sitting position with the eyes closed, for 15 minutes twice daily over eight weeks.
The control group will be asked to sit quietly for 15 minutes twice daily for eight weeks. The primary outcomes are any effects
on improving QOL and psychological distress, and the secondary outcomes are any effects on lowering blood pressure and
sdlivary cortisol levels.

Results: The recruitment of study participants began in May 2019 and is expected to be completed by June 2020. It is expected
that the adol escent girlswith PCOS practicing TM over eight weekswill have asignificant improvement in QOL and psychological
distress compared to adolescents in the control group. Also, it is expected that adolescent girlsin the TM group will have lower
salivary cortisol levels and lower blood pressure.
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Conclusions: This study will be the first to evaluate the effect of TM on QOL in adolescent girls with PCOS. The study will
provide valuable information on a potential self-management strategy to improve QOL and well-being in adolescent girls with

PCOS.
Trial Registration:

Australian New Zedland Clinical Trias Registry (ANZCTR) ACTRN1261900019010;

https.//www.anzctr.org.au/Trial /Registration/Trial Review.aspx 7 d=376657& amp;amp;isReview=true

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(1):€14542) doi:10.2196/14542

PRR1-10.2196/14542
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Introduction

Polycystic Ovary Syndrome

Polycystic Ovary Syndrome (PCOS) is the most common
endocrine condition and affects 8-13% of women of
reproductive age [1] and up to 6% of adolescent girls [2],
depending on the diagnostic criteria used and the population
studied [3-8]. Adolescent PCOS is characterized by irregular
menstrual cycles and at least one of the following signs of
hyperandrogenism (hirsutism, acne or hyperandrogenemia)
[3-8]. PCOS is associated with increased weight, difficulties
losing weight, insulin resistance, metabolic syndrome, infertility,
and psychological distress (eg, depression, anxiety, and stress)
[3,5,7-9].

Quality of Lifein Polycystic Ovary Syndrome

Two systematic reviews have shown that women with PCOS
have reduced quality of life (QOL) [9,10]. Women with PCOS
are also at increased risk of psychological distress [5,7,8] and
have reported higher scores in the Depression, Anxiety, and
Stress Scale (DA SS) questionnaire compared to women without
PCOS [11]. Similarly, adolescent girls with PCOS are more
likely to have anxiety and depression than age-matched healthy
adolescents[12]. A mixed-methods study (including quantitative
and qualitative data) showed that adolescent girls with PCOS
are at an increased risk of depression [13]. Also, adolescent
girlswith PCOS have reduced QOL according to cross-sectional
guantitative and qualitative studies [12,14,15].

General health and its perception, behavior, physical
functioning, and the family activities domains of QOL arelower
in adolescent girls with PCOS in comparison to heathy
adolescents[12]. Specific symptoms of PCOS, such ashirsutism,
excess weight, irregular menstrual cycles, and infertility
problems, can affect QOL, as demonstrated by lower scoresin
the specific QOL questionnairefor PCOS[16]. Increased weight
and body perceptions are essential contributorsto reduced QOL
aswell asfears and concerns about future infertility [17,18]. In
a Bulgarian study of women with PCOS, it was shown that
hirsutism (predominantly in those <25 years of age), excessive
weight gain, and infertility (in those >25 years of age) were
independently associated with decreased QOL [19].

Strategiesto Improve Quality of Lifein Polycystic
Ovary Syndrome

Most management strategies used in adolescent girlswith PCOS
have targeted symptoms such as irregular menstrual cycles,

https://www.researchprotocol s.org/2020/1/e14542

acne, and hirsutism, or have addressed excessweight and insulin
resistance [5,7,8]. There are limited data directly evaluating
interventions addressing psychological comorbiditiesin PCOS,
such as reduced QOL and psychological distress[5,7,8].

In women with PCOS, thereisincreasing evidence for therole
of complementary and alternative medicine [20] and
self-management strategies, such as mindfulness-based stress
reduction, in the management of stress, and improving QOL
[21-23]. In adolescent girls with PCOS, however, there have
only been two studies conducted that evaluated strategies to
improve QOL [24,25]. One study was a small open trial with
no control group that used cognitive behavioral therapy to target
lifestyle goals, family functioning, and the effects of having
PCOS [24]. This study showed a statistically significant
improvement in health-related quality of life from a mean of
77 points (SD 20) from baseline to amean of 82 points (SD 27)
post-intervention [24]. In the other study, participants received
a lifestyle modification program (ie, weekly discussions on
nutrition and lifestyle changes and weekly structured group
exercise sessions) that was associated with a significant
improvement from 4.5 to 5.6 points on the specific QOL
questionnaire for PCOS, which was cal culated by averaging all
domains of QOL related to PCOS [25].

Transcendental M editation asa Strategy to Improve
Quiality of Life

Transcendental Meditation (TM) is a sitting meditation
technique from ancient Vedic tradition that originated in India
and has spread worldwide since the 1950s [26]. It is a
well-established and easily practiced technique while sitting
with the eyes closed in adults for 20 minutes twice daily, and
in children for 15 minutes twice daily. The TM technique uses
the sound value of a mantrato draw attention within the mind,
leading to arelaxed but mentally alert state. Trained instructors
taught TM in a standardized manner with careful attention to
fidelity of the program by regular review sessions of the TM
practice.

TM has been used in adults and adolescents to reduce stressin
conditions such as cardiovascular disease and negative school
behaviors [27-31]. Meta-analysis of stress reduction trials,
including TM, has shown beneficial effects on stress and blood
pressure in adults, with systolic and diastolic blood pressures
of —4.26 mm Hg (95% CI —6.06 to —2.23) and —2.33 mm Hg
(95% Cl —3.70 to —0.97) respectively, compared to control
groups [30,32], with increasing use recently [33]. Sitting
meditation practices, including TM and mindfulness, may have
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some beneficial effects in physiological, psychological, and
behavioral conditions in children and adolescents [34]. Few
randomized controlled trials in adolescents have demonstrated
beneficial effectsof TM on school behavior and blood pressure
[27,35]. Also, TM has shown beneficial effects on
cardiovascular outcomes, as measured by left ventricular mass
index in agroup of prehypertensive adolescentsin comparison

to the control group (2.6 gm/ht>’ versus 0.3 gm/ht>7) [36].

To date, no trials have evaluated the effect of TM on women
or adolescent girls with PCOS. This proposal aims to evaluate
TM as a novel strategy, which is easy to implement once
learned, to improve QOL and psychological distress in
adolescent girlswith PCOS using arandomized controlled trial.

Aims and Hypotheses

The primary objectives are to determine the effect of TM over
eight weeks on QOL and psychological distress in adolescent
girlswith PCOS. The secondary objectivesareto determinethe
effect of TM over eight weeks on salivary cortisol levels and

Figure 1. Study design flowchart. PCOS: polycystic ovary syndrome.

Hewawasam et al

blood pressure in adolescent girls with PCOS. We hypothesize
that the adolescent girls with PCOS practicing TM over eight
weeks will have a significant improvement in QOL and
psychological distress in comparison to adolescents in the
control group. We also hypothesize that thosein the TM group
will havelower salivary cortisol levelsand lower blood pressure.

Methods

Study Design, Approval, and Registration

Thisisarandomized controlled trial that will be conducted over
eight weeks at the Women's and Children’s Hospital in
Adelaide, South Australia. A flowchart of the study is depicted
in Figure 1. The trial has been approved by the Women's and
Children’'s  Hospital  Research  Ethics  Committee
(HREC/18/WCHN/168, protocol version 2.0, dated January 11,
2019), and any modifications to the protocol will be sent to the
Ethics Committee. This study has been registered with the
Austradlian  New Zeadland Clinical Trids Registry
(ACTRN12619000190101).

Assessment for eligibility and

confirmation of PCOS diagnosis

y

Obtain informed consent

!

Baseline assessment

v

Randomization

/-\

T™ group
TM instruction
Practice TM
15 minutes twice daily

Control group
Healthy lifestyle education
Sitting quietly
15 minutes twice daily

8 weeks assessment

/

Recruitment

A total sample of 40 adolescent girls, aged 12-20 years old and
with a confirmed diagnosis of PCOS, as per the recent
international evidence-based guidelines[5,7,8], will berecruited
by authors from various outpatient clinics (adolescent
gynecology and endocrine clinics, pediatric endocrine clinics,
and gynecology clinics). These include clinics at the Women's
and Children’'s Hospita in South Australia, from private
gynecology clinicsin South Australia, from the Polycystic Ovary
Syndrome Association of Australia(POSAA) consumer support

https://www.researchprotocol s.org/2020/1/e14542

RenderX

groups, Health consumer groups in South Australia, and the
Women’'s and Children’s Hospital consumer groups. If the
adolescent is older than 16 years of age, written informed
consent will be obtained from the adolescent. If the adolescent
is under 16 years of age, written informed assent will be
obtained from the adolescent, and written informed consent will
be obtained from their parent/guardian. Participants can also
either consent or not consent to the future use of study datain
any other research project, provided the project hasthe approval
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of the Women's and Children’s Hospital Research Ethics
Committee.

Inclusion Criteria

Each adolescent girl must meet the following criteria to be
involved in thisstudy: aged between 12-20 yearsold; diagnosed
with PCOS according to the recent, international , evidence-based
guideline of diagnostic criteriafor PCOS, consisting of a clear
definition of irregular menstrual cycles according to time post
menarche and at least one of the following signs of
hyperandrogenism (moderate to severe acne, hirsutism or
hyperandrogenemia [high androgen levels]) after exclusion of
other conditions that mimic PCOS [5,7,8]; for participants not
recruited at the Women’'s and Children’s Hospital, areview by
the principal investigator (AP) will be done to confirm PCOS
diagnosis as per recent guidelines [5,7,8]; on a stable medical
regimen for at least the previous four weeks if on metformin or
other hormonal therapy (contraceptive pill,
medroxyprogesterone, or spironolactone); willingnessand ability
to participate in the TM instruction session and practice TM
during the study; the willingness of one parent to be involved
in facilitating and keeping a diary card of the TM or sitting
activitiesin the control group.

Exclusion Criteria

Adolescent girls are excluded from the study if they meet any
of the following criteria: significant coexisting chronic illness
that may have a contributory effect on health-related QOL, such
as diabetes (Type 1 or 2), gender dysphoria, or severe anxiety
or depression treated with medications, psychological
conditions, such as schizophreniaor bipolar disorder; high level
of depression (DASS score>20), anxiety (DASS score>15), or
stress (DASS score>26) as they will reguire immediate
treatment; regularly practicing the TM or any other
meditation/mindfulness program; substance use, as it will
interfere with the TM practice; or inability to speak English.

Randomization

A randomization schedule was generated in Stata 15.1
(StataCorp, College Station, Texas, United States) by an
independent statistician (SE). Randomly permuted blocks of
size2 or 4 and an alocation ratio of 1:1 (TM: control) was used.
Unique identification codes and random group allocation will
be generated for each participant. Sequentially-numbered,
opaque, sealed envelopes containing each participants group
assignment will be created by a pharmacist not involved in the
study. The alocation sequence will be unavailable to study
investigators. Participants will be allocated to either the TM
group or control group according to information contained in
the sealed, opagque envelope. An envelope will only be opened
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after the participant has been enrolled and completed baseline
clinical assessments. Analysis of the datawill be performed by
a statistician who was not involved in theinitial randomization
process (LG).

Participant Withdrawal

Any participant may withdraw from the study without giving
areason and without any disadvantage or interference with their
care at their treating hospital. Reasons for withdrawal will be
noted and reported.

Intervention

Transcendental Meditation

Participants allocated to the TM group will be asked to practice
TM for 15 minutes, twice daily, for eight weeks. The
instructional sessions for the TM technique will be delivered
by acertified and experienced femal e teacher [37] at either TM
Adelaide or the Adelaide South TM Centre in South Australia.

TM will be taught according to a standardized course. Before
beginning this course, participants will be asked to attend a
one-hour introductory presentation reviewing the origin of TM
and the possible benefits of regular practice. The participant
and one of the parents are required to attend this introductory
session. If the participant is younger than 18 years of age, then
the participant’s parent will be required to provide a letter of
support stating that they approve of their child's participation
in the standardized course.

After the introductory presentation, there will be a one-on-one
personal interview for the participant to provide the teacher with
some basic information to aid in the personalization of their
instruction (Table 1). On the first day of instruction, the
participant will be given apersonal mantra (sound or word) that
will be used in every meditation. This sound will help draw
attention within the mind, leading to arelaxed but mentally alert
state. After the initial instruction, the participants will be
instructed to practice TM for 15 minutes, twice daily, at home.

Following the personal instruction session, there will be
check-up meditation sessions on three consecutive days during
the first week and an additional day in week 2 to discuss the
participant’s experiences during meditation. This meeting will
also assist with any practical issues encountered during practice,
such as handling outside noise and timing of the meditation.

Practice review sessions will occur from weeks 3-6, where
participants will be ableto practice TM in asmall group (Table
1). The TM teacher will reinforce the fidelity of the program
by encouraging multiple practice review sessions after initial
instruction and check-ups. Participants/parents will also
complete adiary showing the frequency of meditation practice.
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Table 1. Instruction, check-up, and practice review sessions for the transcendental meditation group.

Appointment Timing Activity Duration
1 Day 1 Personal instruction to learn transcendental medita- 1 hour
tion

2 Day 2 Check-up, including meditation 1 hour

3 Day 3 Check-up, including meditation 1 hour

4 Day 4 Check-up, including meditation 1 hour

5 Week 2 Check-up, including meditation 1 hour

6 Week 3 Practice review, including meditation 30 minutes
7 Week 4 Practice review, including meditation 30 minutes
8 Week 6 Practice review, including meditation 30 minutes

Control Group

some music. The control group will receive aone-hour, healthy
lifestyle education session and healthy lifestyleinformation via

Participantsin the control group will be asked to sit comfortably  email/phone at similar times to the intervention group (Table
for 15 minutes twice daily in a quiet room for eight weeks.  2). Participants/parents will also complete a diary, including
Participants will be allowed to read a book, write, or listento  sjtting activities.

Table 2. Hedlthy lifestyle education session and information for the control group.

Appointments Timing Activity

1 Day 1 Healthy lifestyle education session (1 hour)

2 Day 2 Email or phone contact with healthy lifestyle information
3 Day 3 Email or phone contact with healthy lifestyle information
4 Day 4 Email or phone contact with healthy lifestyle information
5 Week 2 Email or phone contact with healthy lifestyle information
6 Week 3 Email or phone contact with healthy lifestyle information
7 Week 4 Email or phone contact with healthy lifestyle information
8 Week 6 Email or phone contact with healthy lifestyle information

Outcome M easures

Table 3 shows the primary and secondary outcomes that will
be measured at basdline (preintervention) and eight weeks
(postintervention) at the Women’s and Children’s Hospital.
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Outcome measure Baseline Eight weeks

Primary outcomes
Pediatric QOL? O u
QOL related to PCOS? O 0
DASS® O 0

Secondary outcomes
Salivary cortisol levels (3 samples over aday) O O
Blood pressure O g
Weight d ad
Height O O
BmId O 0
BMI z score g g
Waist circumference O ad
Hip circumference O g
Hirsutism score and acne score O ad
Review of current symptoms and treatment O g

8QOL: quality of life

bpCOS: Pol ycystic ovary syndrome

’DASS: Depression, Anxiety and Stress Scale
dBMmI: body mass index

Primary Outcomes

Quality of Life

General QOL will be assessed using the Peds QLTM 4.0 generic
core scales [38]. The generic core scale consists of 23 items,
which will be completed independently by participantsand one
of their parents. It includes four scales that measure physical,
emotional, social, and school functioning.

Specific Quality of Life Questionnaire for Polycystic
Ovary Syndrome

This questionnaire measures health-related QOL in PCOS over
the previous two weeks. It consists of 26 items covering five
domains (emotions, body hair, weight, infertility problems, and
menstrual problems). Each item is graded with a 7-point scale
ranging from 1 (maximum impairment) to 7 (no problems
experienced) [16,25].

Depression, Anxiety and Stress Scale Questionnaire

Thisisaself-reported instrument that was designed to evaluate
the three emotional states of depression, anxiety, and tension
or stress [39]. This will also assist in the evaluation of the
severity of symptomsto assessthe eligibility of the participants.

Secondary Outcomes

Salivary cortisol levels will be measured as a marker of stress
in adolescents [40]. Salivary cortisol will be collected with
sdlivary cortisol sampling kits (Salivette). Specific instructions
will be provided for proper collection. Three salivary cortisol
samples will be collected as the cortisol levels change

https://www.researchprotocol s.org/2020/1/e14542

throughout the day (immediately after awakening in the
morning, 30 minutes later, and before going to bed). Samples
will be collected the day after baseline assessment and the day
before the eight-weeks assessment. Salivary cortisol
concentrationswill be measured by IDS-iSY S Salivary Cortisol
assay (Abacus ALS Pty Ltd, Queendand, Australia). Salivary
samples will be deidentified before analysis. Salivary samples
will not be retained for future use and will be put in the human
biohazard bins for appropriate destruction immediately after
completion of the analysis.

Also, weight will be measured in light clothing using a Tanita
BC-418 segmental Body composition analyzer (Tanita, Tokyo,
Japan). Height will be measured on awall-mounted stadiometer
(to 0.1 cm). Waist circumference will be measured with a
flexibletape (0.5 cm) at the midpoint between the lower margin
of the last palpable rib and the top of the iliac crest, and hip
circumference will be measured around the widest portion of
the buttocks, with thetape parallel to the floor, following World
Health Organization guidelines [41]. Body mass index (BMI)
percentiles and z score will be calculated using the Epilnfo
database version 3.2.2 and the Centersfor Disease Control and
Prevention 2000 standardized reference charts [42]. Blood
pressure  will be measured using an automatic
sphygmomanometer (Omron digital blood pressure monitor,
Omron Hesalthcare, United Kingdom) with an appropriately
sized cuff on the left arm, and the mean of 3 consecutive
measurementswill be recorded. Wewill also evaluate hirsutism
using the modified Ferriman Gallwey score [43], and acne will
be assessed using the Global Acne Grading System [44]. Finally,
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areview of current symptoms and treatment will be documented
at baseline and eight weeks posttreatment.

Adherence

Assessment of adherence to the study will be assessed using
the diary that participants and parents complete about their time
spent practicing TM or undertaking sitting activities. Also, the
TM teacher will reinforce adherence to TM during check-up
and practice review sessions.

Monitoring of Adverse Events

TM is a safe self-management strategy that has been used by
many adults around the world, with rarely reported adverse
events. These events occurred in individuals with severe
psychiatric conditions, but participants with such conditions
will be excluded from this study. TM practice can rarely cause
mild headaches at the beginning if it is not done correctly.
Teachers of the TM technique are trained to correct any
difficulties with practice. Any adverse events noted will be
reported to the ethics committee and documented.

Data Management and Statistical Analysis

Data collected during this study will be both hard copy
(questionnaires and case report forms) and electronic (excel
spreadsheets with participant’s data) files. Hard copy data will
be stored securely in the Department of Endocrinology and
Diabetes at the Women’sand Children’sHospital, and el ectronic
data will be stored securely using password protected files.
Documentswill be retained for 30 years after study completion
per current guidelines for data storage.

All data will be analyzed in the deidentified form. Statistical
analysiswill be performed using theintention-to-treat principle
by LG, who will be blinded to the randomi zation status. A linear
mixed-effects model will be used to compare the change in
primary outcomes (QOL, specific QOL questionnairefor PCOS,
and DASS questionnaires) and secondary outcomes (salivary
cortisol levels and blood pressure) between the TM group and
control group over the study period. The modelswill include a
random effect for participants to account for the correlation
between serial measurements within individual participants.
Unadjusted and adjusted analyses will be conducted, with
adjustment for important prespecified baseline covariates,
including age and BMI (except for the analyses where BMI is
the outcome).

While no studies have looked at the effect of TM on QOL in
adolescent girlswith PCOS, achangein QOL of 21.2 (SD 21.5)
will beinterpreted as clinically meaningful, as per our previous
study in obese adolescents[45]. The sample size was calculated
based on a change in QOL of 21.2 (SD 21.5) from basdline to

Hewawasam et al

8 weeksin the TM group, compared to no changein the control
group. Therefore, we would require 40 adolescent girls (20 in
each treatment group) to have 80% power to detect adifference
in the primary outcome of QOL between the TM group and
control group (assuming al pha=0.05, and atwo-sided statistical
test), allowing for 10% attrition based on rates in previous
studies that included adolescents in our center [46]. The
sensitivity of the effect estimates to missing values will be
evaluated using multipleimputation. Analyseswill be conducted
according to a pre-specified analysis plan using Stata version
15.1 (StataCorp, College Station, Texas, United States).

Results

Recruitment started in May 2019 and is expected to be
completed by June 2020. It is expected that adolescent girls
with PCOS practicing TM over eight weeks will have a
significant improvement in QOL and psychological distress
compared to adolescents in the control group. Also, it is
expected that adolescent girlsin the TM group will have lower
salivary cortisol levels and lower blood pressure. The results
from this trial are anticipated to be published by September
2020.

Discussion

PCOSisthe most common endocrine condition affecting women
of reproductive age and is associated with many comorbidities,
which contributetoimpaired QOL and increased psychological
distress [3,5,7,8]. Currently, health care professionas have
limited strategies to offer to improve the well-being of this
population beyond hormonal and metabolic treatments.
Evaluating the efficacy of a novel sustainable strategy in the
management of PCOS will assist in the overall management of
this condition from adolescence and into young adulthood, as
once this strategy is learned, it can be practiced for life.
Although studies are suggesting that mindfulness may have a
role in improving QOL in women with PCOS, there are no
studies conducted in adol escents and no studies of TM inwomen
or adolescents with PCOS.

To our knowledge, this is the first study evaluating the effect
of TM on QOL and psychological distressin adolescent girls
with PCOS. The current study will evaluate a simple,
trandatable strategy to improve QOL and well-being in
adolescent girls with PCOS. TM will be easy to implement in
the long term, with no additional costs once the strategy has
been learned. This intervention can also be potentially taught
in schools as part of classroom activities.
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Abstract

Background: Although infectious diseases are globally on the decline, they remain a major global public health problem.
Among them, the hepatitis B virus (HBV) or hepatitis C virus (HCV) and HIV infection are of primary interest. Valid prevalence
data on these infections are sparse in Greece, especially for vulnerable popul ations.

Objective: This study aimed to present the design and methods of Hprolipsis, an integrated viral hepatitis and HIV screening
program administered to adults (=18 years) from the general, Greek Roma, and migrant populations. Its aims were to estimate
the prevalence of HBV, HCV, and HIV; assessinfectious disease knowledgelevel; design, implement, and assess popul ation-specific
awareness actions; and offer individual counseling and referral when indicated and HBV vaccination to susceptible Roma and
migrants.

Methods: Multistage, stratified, random sampling based on the 2011 Censuswas applied to select the general population sample,
and nonprobability multistage quota sampling was used for Roma and migrant sample selection. Trained personnel made home
(genera population) or community (Roma and migrants) visits. Collected blood samples were tested for Hepatitis B surface
Antigen, Hepatitis B core Antibody, Hepatitis B surface Antibody, Hepatitis C Antibody, and HIV 1,2 Antibody. The surveys
were conducted during May 2013 and June 2016. To estimate an HCV prevalence of 1.5% with 0.3 precision, the required general
population sample size was estimated to be 6000. As migrants constitute 10% of the whole Greek population, the migrant sample
size was set to 600. A feasible sample size of 500 Greek Roma was set.
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Results:
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In total, 6006 individuals from the general population (response rate 72%), 534 Greek Roma, and 612 migrants were

recruited. Blood test results are available for 4245 individuals from the general population, 523 Roma, and 537 migrants.

Conclusions: Hproalipsisis the first nationwide survey on HBV, HCV, and HIV. Its results will enhance our understanding of
the health needs and disease burden of these diseases in the 3 studied populations. Its implementation provided useful
recommendations for future studies, particularly in vulnerable populations.

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(1):€13578) doi:10.2196/13578

DERR1-10.2196/13578

KEYWORDS

hepatitis; HIV; Greek general population; Greek Roma; migrants; health examination surveys

Introduction

Background

Although infectious diseases are on the decline globally, they
aredtill of major public health importance, imposing significant
burden on global economiesand public health [1]. Among them,
hepatitis B virus (HBV) or hepatitis C virus (HCV) and HIV
infection are of particular interest in developed countries owing
to their prevalence and associated disease burden.

In 2015, about 257 million people were living with chronic
HBV infection and 71 million people with chronic HCV
infection globaly [2]. An estimated 36.7 million people
worldwide were living with HIV at the end of 2015 [3].
Currently, highly effective therapies for HCV and long-term
therapies for HBV and HIV infections are available. However,
owingto their usually long asymptomatic period, only aminority
of those infected with one of these viruses are aware of their
infection, lacking thusthe opportunity to take advantage of new
treatments [4]. Delayed diagnosis has harmful implications not
only for individual patients but also for public health owing to
the ongoing viral transmission from undiagnosed incidents. The
World Health Assembly, in 2016, introduced a global strategy
for achieving viral hepatitis elimination by 2030 (reduce
incidence by 90% and mortality by 65%) [5]. In addition, the
Joint United Nations Programme on HIV and AIDS targets to
curb the HIV epidemic by 2020, including diagnosis of 90% of
those living with HIV, treatment of 90% of those diagnosed,
and achieving viral suppression of 90% of those treated [6].
Valid estimates on prevalence, infection awareness, treatment
uptake and the knowledge for HBV, HCV, and HIV are
necessary to plan and implement effective prevention programs.

In Greece, until recently, estimates for HBV and HCV
prevalence were derived from studies restricted to specific
popul ation groups (eg, patients undergoing hemodialysis, people
who inject drugs, men who have sex with men, and blood
donors) [7-11]. In 2015, a telephone survey was conducted in
arepresentative sample of adultsliving in Greece. On the basis
of self-reports, the (age-adjusted) prevalence (95% CI) of
chronic HBV and HCV was estimated as 2.39% (1.88%-2.91%)
and 1.79% (0.97%-2.61%), respectively [12]. Trends in HIV
diagnosis are reported by the HIV/AIDS surveillance system
operated by the Hellenic Centre for Disease Control and
Prevention (HCDCP), but delayed diagnosis, duplicates, or
missing information on key characteristics of the infected
population cannot be ruled out [13].

http://www.researchprotocols.org/2020/1/e13578/

Vulnerable populations, such as the Greek Roma and migrants,
congtitute special target groups since their adverse living
conditions facilitate the spread of infections. Although data on
Roma health are sparse and fragmentary, Roma communities
appear to have unequal accessto health services, high morbidity,
especiadly regarding infectious diseases, and insufficient
immunization compared with that of the general population
[14,15]. The combination of increased risk factorsfor infectious
diseasesand lack of appropriate modelsfor reaching, engaging,
and informing Roma communities raises serious public health
concerns [16,17]. In a recent study conducted in Slovakia, it
was found that the Roma population has a higher prevalence of
HBV compared with non-Roma populations [18]. In Greece,
only a small proportion of Greek Roma is integrated into
mai nstream society, whereasthe vast majority livesmarginalized
on the outskirts of inhabited areas[19]. Thefew available studies
on Roma health have shown that they have been experiencing
a higher prevalence of infectious diseases [20], lower
vaccination coverage[21,22], and higher relative mortality from
infectious diseases compared to non-Roma Greeks [23].

Migrants are another popul ation group with increased incidence
of infectious diseases. In Europe, migrants accounted for 40%
of newly reported HIV cases between 2007 and 2011 [24]. The
migration processitself increasestherisk of infectious diseases
[3]. Migrants are more likely to be exposed to social factors
associated with poor health such as poverty and unemployment;
they may face socia exclusion, whereaslegal and administrative
issues may pose additional barriersto access to health services
[3,25]. It has been shown that migrantsinfected with infectious
disease are diagnosed later than native populations, limiting
their treatment options and increasing the probability of
transmission [3,25,26]. In Greece, dataon viral hepatitisamong
migrants are limited; only new HIV diagnoses are reported to
the HIV/AIDS surveillance system of the HCDCP.

Taken together, accurate data on the prevalence, awareness
rates, treatment uptake, and knowledge related to HBV, HCV,
and HIV inthe general population and especially among specific
vulnerable populations are currently lacking in Greece. To fill
this gap, the Hprolipsis Survey, a Design and Development of
Viral Hepatitis and HIV Infection Screening Program in the
General Population and Vulnerable Populations, was set up.
Hprolipsis, combining questionnaire data on health determinants,
living conditions, high-risk behaviors, and knowledge on viral
hepatitisand HIV with resultsfrom serological testing, provides
a unigue opportunity to study HBV, HCV, and HIV. It focused
on 3 target populations: adult general population, Greek Roma,
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and migrants. Experience gained through Hprolipsis
implementation could provide valid guidelinesfor future studies.
In this paper, we describe the design and methodology of
Hprolipsis, and we discuss the challenges associated with
organizing and implementing such astudy focusing on difficult
to reach populations, such as the Greek Roma and migrants.

Objectives of the Study

This study aimed to assess access to the public health care
system; estimate the prevalence and determinants of HBV,
HCV, and HIV infection in the 3 target populations; design and
implement population-specific awareness-raising actions; offer
anti-HBV vaccination to susceptible Greek Romaand migrants
study participants; and offer individual counseling and referral
to health care services for dl individuals who were tested
positive for any of these infections.

The specific objectives of the study were asfollows:

1. To estimate HBV, HCV, and HIV prevalence and cascade
of treatment in the 3 studied populations.

2. To assess knowledge level and effectiveness of the
awareness-raising activities.

3. Toinvestigate barriers and facilitators to access to care.

4. To provide counseling—referral to individuals who tested
positive for any of these infection.

5 To offer HBV vaccination to susceptible individuals in
vulnerable populations.

Methods

Study Design

Hprolipsis consists of 3 cross-sectional epidemiological surveys
of 3 adult (=18 years) populations: (1) the general population,
(2) Greek Roma, and (3) migrants. It was funded by the
European Union’s (EU) structural funds and national resources,
coordinated by the Department of Hygiene, Epidemiology, and
Medical Statistics of the Medical School of the National and
Kapodistrian University of Athens (NKUA), and conducted in
cooperation with all the other Greek medical schools, the MSc
International Medicine—Health Crisis Management of the
Medica School of NKUA, and the nongovernmental
organizations (NGOs) Doctors of the World Greek delegation
and PRAKSIS. Hprolipsis was initiated in May 2013 and
completed in June 2016. The general population survey was
nested within the National Survey of Morbidity and Risk Factors
(EMENO) health examination survey; EMENO aimed to
investigate morbidity (focused on cardiovascular and respiratory
diseases) and associated risk factors in the general adult
population, which have been described in detail elsewhere[27].

Sampling Strategy

For the general population, a multistage stratified random
sampling based on the 2011 Census was applied (for adetailed
description of the sampling strategy, refer to the study by

http://www.researchprotocols.org/2020/1/e13578/
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Nikolaidis et a [27]); the target sample size was 6000
individuals, allowing us to estimate a 1.5% prevalence of
anti-HCV with 0.3% precision [23]. Nonprobability multistage
guota sampling was applied to select Greek Roma and migrant
populations.

Greek Roma Population

Inthe Greek national context, the Romaare Greek citizenswho
arenot officially recognized asanational or linguistic minority.
Thus, little reliable data about the Roma in Greece have been
collected. Estimates of Romapopulationsin Greecerange from
120,000 to 300,000 [22]. Greek Roma populations live mainly
in 4 settlement types: (1) houses dispersed among the majority
population, (2) settlements with houses, (3) settlement/camps
with houses and shacks (mixed), and (4) shacks. For the
purposes of this program, those living in houses dispersed
among the mgjority population were excluded as they would
be part of the general population survey. Balancing the available
financial resources and feasibility/difficulty of running ahealth
survey in Greek Roma settlements, the target sample size was
set at 500 adults. To increase the representativeness of the
sample, a 3-stage procedure was adopted.

Stage 1

An effort was made to collect and synthesize information on
Greek Roma settlements by type of settlement and relevant
population, and general living conditions in the camps. Data
were collected from the Ministry of Interior, Greek Roma
organizations, and the relevant literature.

Stage 2

On the basis of data retrieved from stage 1, 4 geographical
regionswere selected: Peloponnese (Western Greece), Thessaly
(Central Greece), and Central Macedonia (Northern Greece) as
regions with higher Greek Roma numbers [17], and Attica as
thelargest urban center in Greece. In each selected geographical
region, areas representative of the 3 settlement types (houses,
mixed, and shacks) were selected. Selected settlements were
visited by specialists (social and/or health scientists), and the
population demographicsaswell asthe general living conditions
in each selected settlement were recorded.

Stage 3

To increase the power of investigating potential differences by
geographical region, we recruited the same number of people
in each region (135 adults per region). Within each region, the
recruited number of people from each type of settlement was
broadly proportional to its size (Table 1) as recorded by the
study staff (stage 2). Adults (=18 years) from the selected
settlementswereinvited to participatein the study. Only 1 adult
from each family could participate. An effort was madeto reflect
in our sample the actual sex and age distribution of the
settlement as recorded in stage 2 (ie, the required number of
men and women by 10-year age groups was predefined).
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Table 1. Planned and achieved Greek Roma population sample per region participating in the study and settlement type.

Selected settlements and settlement type  Houses Families per Persons per Planned sample  Final achieved sample
household household
Attica
ST21P: Acharnes 300 2t03 5t010 45 45
ST 2% Ano Liosia 300 2to4 5t08 45 43
ST 3% Aspropyrgos 200 to 300 2 8 45 46
Region total 800 to 900 2to4 5t0 10 135 134
Western Greece
ST 1: Kato Achaya 2000 1 9 95 93
ST 2: Sagianeika 150 3 20 30 20
ST 3: Riganokampos 20 3 15 10 30
Region total 2170 1to3 9to 15 135 143
Thessaly
ST 1: Nea Smyrni 400 1to3 5t0 10 53 54
ST 2: Tyrnavos 400 1to3 5t08 53 54
ST 3: Farsala 150 to 200 1to3 51010 29 30
Region total 950 to 1000 1to3 5t0 10 135 138
Central Macedonia
ST 1: Dendropotamos 500 2to3 6t0 10 45 36
ST 2: Agia Sofia 300 2t03 8t0 10 45 42
ST 3: Peraia 65t0 70 1lto2 4to5 30 26
ST 3: Chalastra 20 1to2 5t08 15 15
Region total 885 to 890 1to3 4t0 10 135 119
Total 4805 to 4960 lto4 41010 540 534

33T: settlement type.

BST 1: settlement with houses.

CST 2: settlement with houses and shacks (mixed).
dST 3: settlement with shacks.

Migrant Population

Lack of reliable data on the composition of migrants and their
high mobility during the study period made it very difficult to
select a random sample. To reduce the sampling error, it is
recommended to approach migrants through multiple sources
[22,28].

Migrants were defined as those who were born in another
country. Excluded were those who originated from the EU-15
countries (Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, L uxembourg, the Netherlands,
Portugal, Spain, Sweden, and United Kingdom), Norway,
Switzerland, the United States, and Canada. Inclusion criteria
were (1) aged 18 years or older at recruitment and (2) living in
Greece for at least 6 months (self-reported); thus, new arrivals
and/or those living in shelter camps were excluded to avoid
confusing data on health care access. To select the sample, a
2-stage procedure was followed.

http://www.researchprotocols.org/2020/1/e13578/

Stage 1: Preparation Phase

All available datafrom the Ministry of Interior, Asylum Service
of the Ministry of Migration Policy, relevant literature, as well
as data from the Hellenic Statistical Authority (ELSTAT) were
reviewed. As undocumented migrants are likely to be
unrepresented in the Ministry of Interior and Asylum Service
of the Ministry of Migration Policy datasets, the most reliable
data were considered those reported by the EL STAT based on
the 2011 Census. According to that census, the number of those
born abroad was 911,929 persons, thus consisting of
approximately 10% of the total population living in Greece. To
keep the sampling fraction similar to that in the genera
population (about 10% of the total population), the required
sample sizewas set as 600 adults. Thedistribution of theregion
of origin of migrants based on the 2011 Censusis presented in
Table 2. Most migrants originated from Albania. Albanians
migrated to Greece in late 90s to early 2000s, and currently
most of them are well integrated into Greek society; thus, they
are expected to be included in the general population survey.
As this survey focused on the most vulnerable populations, it
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was decided to underrepresent those who originated from
Albania (planned percentage 33.0% vs 54.7% in the popul ation
of migrants in Greece) and overrepresent those from regions
more likely to be part of current migration flows, namely those
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originated from Africaand Asia (planned percentage 46.0% vs
21.0% in the population of migrants in Greece). The planned
sample and the final achieved sample by region of origin are
presented in Table 2.

Table 2. Planned and achieved migrant population sample according to country of birth.

Description

Proportioninthetotal adult population Planned number and proportion  Achieved number and proportionin

based on 2011 Census (%) in the sample, n (%) the final sample, n (%)
Country’s total migrants® 100.0 600 (100.0) 612 (100.0)
Countries members of EU® 174 90 (15.0) 67(10.9)
Non-EU European countries (except 6.4 36 (6.0) 53(8.7)
Albania)®
Albania 54.7 198 (33.0) 159 (26.0)
Africa 32 90 (15.0) 145 (23.7)
Asia 17.8 186 (31.0) 187 (30.5)
Other (Caribbean, South or Central 0.5 N/AD 1(0.2)

America, Oceania)

8According to our inclusion criteria: adults (=18 years), excluded those who originated from the EU-15 countries, Cyprus, Norway, Switzerland, the

United States and Canada.
bEy: European Union.

CAccording to our inclusion criteria, those who originated from Norway and Switzerland were not included.

dN/A: not applicable.

Stage 2: Recruitment of Participants

A comprehensive mapping of NGOs and refugee and migrant
communities was made. A network of NGOs and especially of
migrant communities was set up, and the survey’s aims were
disseminated to them. To implement the migrants’ survey, an
official collaboration with the 2 largest NGOs serving migrants
in Greece was set up: Doctors of the World Greek delegation
and PRAKSIS. These NGOs run open polyclinics in 4 large
cities/regions in Greece where the majority of migrants live:
Athens-Attica (Doctors of the World and PRAKSIS),
Patra-Peloponnese, Western Greece (Doctors of the World),
Thessal oniki-Central Macedonia, Northern Greece (Doctors of
the World and PRAKSIS) and Chania-Crete (Doctors of the
World), and Southern Greece (Doctors of the World). Eligible
migrants attending the polyclinics were invited to participate
in the study. Asthose attending polyclinics may have different
characteristics from those in the reference population, eligible
migrants were also invited through their communities to visit
polyclinics on specific days and time.

Questionnaire Development and M easurements

A steering committee (SC) consisting of experts in
epidemiology, medical statistics, virology, internal medicine,
hepatol ogy, and the representatives of the collaborating NGOs,
migrants, and Greek Roma communities was set up to develop
survey instruments. For the questionnaire, items previously
validated were used, whenever possible. For that, an extensive
systematic literature review was conducted. New questionswere
formulated by the SC. Two different questionnaires were
created, for interviewers and physicians, with 3 different
variations for the 3 target populations.

http://www.researchprotocols.org/2020/1/e13578/

The Hprolipsis interviewers questionnaire involved the
following sections: (1) basic demographics, (2) socioeconomic
situation, (3) addictive substances usage (smoking habits,
alcohol consumption, and drug use), (4) medical history, (5)
eating habits focusing on Mediterranean diet adherence, (6) a
short 4-item questionnaire for evaluating symptoms of anxiety
and depression, (7) use and access to public health services, (8)
knowledge assessment of HBV, HCV, and HIV/AIDS, (9)
sexua behavior, and (10) risky behaviors related to infectious
diseases. A detailed description of questionnaire items can be
found in Multimedia Appendix 1. The interview mode adopted
was a computer-assisted persona interview, aided by
self-administered laminated cards for the most sensitive
questions (eg, sexual behavior). The vast mgjority of the
guestions were close ended. All items were administered to all
3 study populations (apart from the anxiety and depression
guestionnaire that was not included in the migrants' survey).
Nevertheless, verbal modifications were made to adapt to each
population’s culture. In addition, popul ation-specific questions
were added to the Greek Roma and migrant questionnaires;
these were related to living conditions or legal status (for
migrants). An additional settlement-specific short questionnaire
on the status of the settlement (distance from main roads, water,
and electricity supply, etc) was a so devel oped and administered
to Greek Romalocal representatives.

The physicians questionnaire included general information
about blood sampling procedure (visit outcome, place, and
duration) and specific exclusion for blood sampledraw criteria.
Collected blood samples were tested for the following
serological markersanti-HIV-1/2, anti-HCV, HBsAg, anti-HBc,
and anti-HBs. Study standardized operating procedures (SOPs)
were developed containing information on health surveys,
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sampling procedure, interview techniques, detailed guidelines
on filling each questionnaire item, and collection and
management of blood samples.

Survey questionnaires were tested and validated (time, clarity
of questions, comprehensibility, etc) in 30 volunteers from the
genera population [27], 4 Greek Roma volunteers, and 4
migrant volunteers from each cooperating NGO. Feedback from
guestionnaire testing led to minor modifications/corrections
where necessary.

Ethics

Hprolipsiswas approved by the Ethics Committee of the NKUA
(date: March 4, 2015, protocol: 6141); the general population
EMENO survey was approved by the same ethics committee
(date: November 8, 2012, protocol: 1742) and by the Hellenic
Data Protection Authority (date: December 7, 2012, protocol
I"N/E=/1069-1/07-12-2012).

All participants were given the time to carefully read the
participant information and consent forms (PICF) and to ask
relevant questions before they signed it. For Greek Roma
participants, the PICF was linguistically simplified; usualy,
interviewers read it to the eligible adults. Cultural mediators
were available, too. The migrants PICF was available in 9
languages (Greek, English, French, Albanian, Romanian, Farsi,
Urdu, Arabic, and Bengali). Aninterpreter was available, when
necessary. Consent from migrants was provided by ticking the
corresponding icon in the computer-assisted personal interview
guestionnaire. Consent was confirmed in writing by the
physician and another person (NGO staff or study interviewer
or migrant community representative or interpreter) during the
signature procedure. This procedure was adopted to avoid
paper-signed PICF being a potential barrier to participation,
particularly for undocumented migrants [28].

A combination of digits demonstrating the population, region,
interviewer, and serial number of the participant were used to
prepare barcodes with unique individual codes. Barcodes were
attached to all formsand questionnaires, referral formsfor blood
examinations, and aliquots. For aliquots, specific deep-freeze
barcodeswere used. Personal dataand their associated individual
code were safely stored in a separate file. Only physicians and
coordinators of each population/area had access to these data
which were used only to send thank-you letters, medical reports,
and to facilitate linkage to the public health care system when
needed.

Before any field work began, al researchers and physicians
signed a confidentiality form, and prophylactic vaccination
against HBV was recommended.

Implementation of the Study

Researchers Training

Training materials on data collection through questionnaire,
sampling, and blood collection were devel oped by the SC. All
training materials were available on an electronic database,
accessible by all researchers. For the general population, a2-day
training program was organized on September 12 and 13, 2013
[27]. For the Greek Roma and migrant populations, 2 training
seminars took place on November 11, 2014, and October 23,
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2014, respectively. All study staff (coordinators, interviewers,
physicians, and intercultural mediators), aswell as collaborating
NGOs and Greek Roma and migrant communities
representatives participated in the course. The training course
included information on the purpose and objectives of the study;
the study design; portable computer usage; instructions on how
to fill out questionnaires; and guidelines for blood sampling,
storage, and administration of blood samples.

Information System

A total of 2 database-driven Web applications were devel oped
for each population. One application was installed on each
interviewer's laptop (for the general and Greek Roma
populations) or tablet (for the migrant population), whereasthe
other oneresided on aprivate server. The central databaseswere
hosted on the central server, located at the Department of
Hygiene, Epidemiology, and Medical Statistics of the Medical
School of the NKUA.. To achieve secure access and use of data,
each database on the laptops/tablets was synchronized with each
database on the central server over a private network, and local
data (from laptops/tablets) were eventually deleted. Personal
data (names and contact details of the participants) were saved
in aseparatefile of the database, and the participant’s code was
used to connect all available information.

All datarelated operations were made through secure
transactions encrypted with 128-bit encryption, and compliance
to atomicity, consistency, isolation, and durability was
maintained in both databases of each population to ensure that
all previousdly described operations were consistent, isolated,
and durable.

Field Study Implementation

General Population

The principal investigator of each collaborating medical school
was responsible for the field study in the nearby regions. The
whole study was piloted in a sample of 160 adults from urban
and rural areas, and study materials were adjusted when
necessary. Study aimswere disseminated through several means
including central and local press conferences, advertisement in
newspapers and on TV, informing meetings with local
authorities, eventsin central locations near the sampling points,
social media, and through the Hprolipsis website [29].

A letter was sent to the local police stations about the study
procedure, and a notification letter was|eft in each houseif the
owner was not present at the researcher’svisit. Following study
standardized operating procedures, an adult was randomly
chosen from all adultsliving in eligible households (ie, the one
with the most recent birthday). After providing signed inform
consent, an interview took place in the participants houses
during the scheduled appointments. Following the interview,
physicians made house visits for blood sample collection. In
some rura areas, blood sample collection took place at nearby
health centers. A separate informed consent was required for
testing blood for viral HBV and HBC and for testing for HIV.
A more detailed description of the field study implementation
in the general population is provided el sawhere [27].
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Greek Roma

To reach Greek Roma popul ations, the most important step was
to develop trust relationships. To do so, severa steps, inspired
by the document “A practical guide for implementing health
promotion activities with the Roma people [30],” were taken:
(1) cultural mediators, preferably living in the selected
settlements, were recruited; in most settlements, 2 mediators (1
man and 1 woman) were employed to ensure communication
with both male and female participants; (2) initia visits with
Greek Roma community leaders facilitated by the cultural
mediators were organized in the selected settlementsto inform
them about the study and its aims; (3) health care services
provisionin theinvolved communities, such asdental, pediatric,
and ophthalmological preventive examinations were organized
before and during the field study, in collaboration with various
governmental organizations and NGOs (The Smile of the Child,
Therapy Center for Dependent Individua s[KETHEA], Exdlixis,
Athens University School of Dentistry, etc); and (4) in
collaboration with The Smile of the Child, children’s clothes
and toys were distributed.

Special information leaflets based on pictures and using
simplified language were printed and distributed in the
participating settlements to inform the community about the
study aims and procedures. In collaboration with cultural
mediators and Greek Roma community representatives,
appropriate private places for interviewing and blood sample
collection were identified in each selected settlement. Trained
interviewers and physicians along with the cultural mediators
visited the settlements several times, and cultural mediators
invited people to participate. An effort to keep the predefined
age and gender distribution of the participants was made.
Physicians provided additional medical advice if requested.

Migrants

Initially, migrant communities and NGOsworking with migrants
were informed about the survey. Informative material was
developed in 31anguages (Greek, English, and French) and was
disseminated at the offices of the Doctors of the World Greek
delegation and PRAKSIS, as well as in migrant communities
and other relevant NGOs. Several events were organized in
collaboration with migrant communities to further disseminate
study aims and procedures. Social mediawas also used. In each
polyclinic, an isolated office was chosen for interviewing and
blood sample collection. Study interviewers and physicians
visited polyclinics on prespecified dates and times and invited
migrantsto participate. |n certain cases, interviewing took place
in migrant communities’ offices. In such cases, an appointment
was arranged in the nearby polyclinic for blood sample
collection. To facilitate communication with potential
participants, interpreters were employed.

Blood Sample M anagement

Blood sampling protocol determined the procedure of collection
and preservation of blood samples. Blood samples were kept
in a cold environment (at 4°C) until transported, within 12 to
18 hours, to collaborating local laboratories for centrifugation.
Centrifuged samples were stored at —-80°C. All samples were
sent to the central laboratory (National Retrovirus Reference
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Center, Department of Hygiene, Epidemiology, and Medical
Statistics of the Medical School of the NKUA) for analysis.

M edical Notification/Counseling

To general population survey participants who tested negative
for HBSAg, anti-HCV, and anti-HIV-1/2, athank-you letter and
a copy of their blood test results along with the physician’'s
report (with corresponding recommendations) based on their
personal medical findings were mailed. Participants who were
notified if they had acquired or vaccine-induced anti-HBV
immunity. Individuals susceptible to HBV were advised to be
vaccinated. Participants who tested positive for HBsAg and/or
anti-HCV and/or HIV-1/2 were contacted via telephone by a
specialized physician. Individual counseling was provided, and
medical referral was offered by organizing an appointment at
aclinic belonging to a network of liver and infectious diseases
public clinics set up at the beginning of the survey.

Participating Greek Roma settlementswere visited severa times
to disseminate blood test results and to provide individual
counseling and offer/organize referral when necessary. The
whole procedure was set up carefully to ensure confidentiality
of results. Migrant participantswere called, and an appointment
was arranged to disseminate blood test results and offer/organize
referral for those with positive results. For those who did not
respond to several attempts, an effort was madeto get in contact
with them through their communities or the collaborating NGOs.
The turnaround time of results was around 3 months for the
general population and 2 months for migrantsand Greek Roma.

Hepatitis B Virus Vaccination

HBV susceptible individuals from Greek Roma and migrants
communities were offered the anti-HBV vaccine. To increase
adherenceto vaccination, a short vaccination scheme (first dose:
day 0O; second dose: 4 weeks; third dose: 16 weeks) was adopted
(Multimedia Appendix 2). All susceptible individuals were
informed, and the vaccine was offered to those who agreed and
had no contradictions (ie, serious alergy to the components of
thevaccine and acute febrileillness). Vaccination was performed
in the participating settlements for Greek Roma and in the
collaborating NGOs polyclinics for migrants.

Study Promotion and Awar eness Activities

Before study initiation, study dissemination/promotion activities
took place as described above. After field study completion,
awareness activities were implemented with an aim to improve
the knowledge level of HBV, HCV, and HIV infections and to
promote safe sexual behaviors. Population-specific avareness
models were developed and implemented. All activities took
place after field study completion to alow us to evaluate their
effectiveness.

Population-specific brochures on transmission routes, testing,
and treatment opportunities were developed. Greek Roma
brochures were based on simpleillustrative sketches (provided
by the Spanish NGO Salud Entre Culturas) with minimal text,
whereas the ones for migrants combined illustrative drawing
(created pro bono by the painter Venetia Psara) with minimal
text in 9 languages (Greek, English, French, Albanian,
Romanian, Farsi, Urdu, Arabic, and Bengali).
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For the general population, awareness actions included: (1)
television and radio spots design and creation, once approved
by the National Council for Radio and Television, these were
distributed to all TV channels and radio stations; the main idea
was around the concept you cannot see/hear it, but it exists; (2)
informative events organized in collaboration with participating
municipalities; (3) in some regions, eventsin high school were
organized in collaboration with corresponding municipalities
and school directors.

Actions in Greek Roma took place in the participating
settlements and involved all community. They included (1)
projection of specially created audiovisual material (short video)
on hygiene behaviors, (2) distribution of usable items
(wristbandswith amessage, condoms, etc), (3) implementation
of experiential games targeting stereotype elimination and
perceptions and increasing knowledge. Actions for migrants
included (1) disclosure of usableitems (identity card-certificate
card with logo, message-wristbands, key chains, and condoms)
and (2) information events in both Greek and English at the
Doctors of the World Greek delegation and PRAKSIS, as well
as in migrant communities. Information events were also
organized for migrants with drug addiction in at the KETHEA
organization and for homeless migrants at the Municipality of
Athens. Where necessary, interpreters were present to relay
information in the participants' native language (eg, Ukrainian).

Assessment of Awareness Activities

The effectiveness of awareness actions was evaluated in the
general and Greek Roma populations. The high mobility of
migrants during the field study period (2015-2016) made it
difficult, if not impossible, to reach the participants after all
field study (including vaccination) had been completed; thus,
the effectiveness of the awareness actions was not evaluated in
this population. A questionnaire was developed that included
the following sections: (1) basic demographic information; (2)
all questions about knowledge and attitudes on infectious
diseases under investigation that were included in the main
study; and (3) questions evaluating the experience and
satisfaction of participants from all stages of the study. Of the
initial sample, 10% (ie, 600 individuals) of the general
population was selected via systematic stratified sampling;
participantsin each region were ranked in ascending order based
on their barcode, and 1 out of every 10 participants was sel ected.
To ensure randomness and representativeness of the evaluation
sample, the starting point varied by region: in one region, the
selection procedure started from the smallest barcode, in the
next from the second smallest and so on.

In the Greek Roma popul ation, awareness actionswere eval uated
by visiting the selected settlements. A total sample of 100
individuals, equally distributed among the regions, was selected,
that is, 25 individuals from each of the 4 regions participated
in the evaluation study. The same procedure as for the general
population was applied to select the subsampl e, although 1 every
5individuals of the initial sample was selected.

The effectiveness of awareness activities was assessed by
comparing the knowledge and attitudes score (derived by
relevant questions) before and after the implementation of the
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awareness activities in the subsampl e of the general and Greek
Roma study populations.

Cost

Thetotal study implementation cost was around €772,000 (about
€108 per participant). Total cost was distributed as 64% for
personnel (academic and research); 20% for reagents; 5.2% for
blood sample collection materials, transfer, and storage; 6.8%
for study promotion and awareness activities materials; 2.7%
for HBV vaccines; and 1.3% for portable computers and/or
tablets for interviewing.

Statistical Analysis

The general population survey had a complex study design,
with varying sampling fractions across regions. Thus, for the
statistical analysis, sampling weights, being reciprocal of the
probability of selection, will be applied. In addition, to adjust
for potential discrepancies between the sample age and sex
distribution and that of the reference popul ation recorded in the
2011 Census, poststratification weights should be applied. As
not all interviewed individuals provided blood samples, inverse
probability weighting or multiple imputation methods could be
applied to adjust for potential selection bias in al analysis
involving the blood test results. A more detailed description of
the statistical analysis for the general population survey is
provided elsewhere [27].

The lack of sampling frame for vulnerable populations (Greek
Roma and migrants) leads to a conventional sample. Initial
analysis of Greek Romaand migrant datawill be crude, ignoring
deviationsfrom theinitially desired distributions. In the second
stage, weighted analysis will be applied to adjust for such
deviations.

Statistical analysis of the datais underway, and the first results
are expected to be submitted during 2020. Questionnaire data
will be combined with blood test results; the statistical analysis
will focus on (1) prevalence estimates and treatment cascade
of the investigated infections in the 3 study populations; (2)
testing frequency and associated factors; (3) knowledge level
and its determinants;, (4) assessment of awareness-raising
activities; and (5) access to health care and its determinants.
For vulnerable populations, living conditions will also be
investigated.

Results

Distribution of Study Samples

In total, 6006 individuals from the general population, 534
Greek Roma, and 612 migrants were recruited. The overall
response rate for interviewing in the general population was
72.0%. The distribution of the final achieved sample compared
with the planned one for Greek Roma is presented in Table 1
and for the migrant population in Table 2. Compared to the
planned sample, settlements with houses and settlements with
houses and shacks were dlightly underrepresented, and
settlements with shacks were dlightly overrepresented in the
final achieved Greek Roma survey. In the migrant sample,
Albanians and those who originated from Europe were to some
degree underrepresented, and those from Africaand Asiawere
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overrepresented in the final achieved sample compared with
the planned sample.

Demographic Characteristics of Study Participants

From the 6006 individual s of the general population, 13 refused
to providetheir age, and asthisvariableis necessary to compute
poststratification weights, all results provided were restricted
to the 5993 participants with available age. Descriptive
characteristics of the 3 study populations are presented in Table
3. After applying weighting, sex distribution was balanced in
the general population sample. Compared with men, the
proportion of women was higher in the Greek Roma sample
and lower in the migrant sample. As expected, the Greek Roma
and migrant study popul ations were substantially younger than
the general population. Education level was relatively high in
the general population and in migrantswith about 23.6% (1222)
from the general population and 12.4% (76) of migrants having
a university or higher educational level. On the contrary, the
majority (50.6%, 270) of the Greek Roma were practically
illiterate (ie, not completed primary school). For al 3
populations, most of the participants were married or in
cohabitation (Table 3). Reflecting the consequences of the
financia crisis, the household income was low in all study
populations, with family income below €900 per month for
about 39.7% (2401) of the general population; around 26.6%
(142) of Greek Roma reported no income at al, whereas
personal income was less than €350 per month for 58.7% (359)
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of the migrants. The unemployment rate was high in all
populations. The estimated unemployment rate (95% CI) for
those over productive ages (<65 years) in the general population
was 28.7% (26.9%-30.5%). The unemployment rate was 59.0%
(561) in migrants, whereas it was above 36.5% (195) in the
Greek Roma popul ation.

In the general population sample, among those with reported
country of birth (N=5907), about 11.1% (580) were born in a
country other than Greece/Cyprus, a result in line with the
ELSTAT report from the 2011 Census. In the migrant survey,
around 46.1% (282) described themselves as documented
migrants, 24.4% (180) as asylum seekers or on refugee status,
and 21.7% (133) as undocumented migrants. Only 2.8% (17)
did not reveal their migrant status.

Among interviewed participants from the general population,
70.7% (N=4245) had serological tests, but 134 individuals
(2.3%) had reasonsto be excluded from blood sample collection
(collaboration inahility, pregnancy, anemia, and feeling faint);
thus, among the dligible individuals, the response rate was
72.5% (4245/5859). In more detail, 4243 individual sweretested
for HBV, 4245 for HCV, and 4233 for HIVV/AIDS (Figure 1).
The response rate was higher for Greek Roma reaching almost
98.0% (522/534) and 87.7% (537/612) for migrants. The
numbers of Greek Roma and migrants tested for HBV, HCV,
or HIV are presented in Figure 1.
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Table 3. Demographic characteristics of study participantsin the 3 study populations (general population, Greek Roma, and migrants).

Demographic characteristics General population? Greek Roma Migrants

Gender, n (%)

Male 2546 (48.5) 247 (46.3) 340 (55.6)
Female 3447 (51.5) 287 (53.7) 271 (44.3)
Unknown 0(0.0) 0(0.0) 1(0.2)
Age (years), median (IQR) 47.7 (34-64) 35.0 (25-48) 36.9 (29.8-46.4)
Educational level, n (%)
No school 0(0.0) 270 (50.6) 46 (7.5)
Up to primary 2114 (28.9) 202 (37.8) 105 (17.2)
Up to secondary or postsecondary 2575 (46.2) 48 (9.0) 369 (60.3)
University or higher 1222 (23.6) 0(0.0) 76 (12.4)
Other/unknown 82 (1.3) 14 (2.6) 16 (2.6)

Family status, n (%)

Married or in cohabitation 3936 (61.0) 422 (79.0) 382 (62.4)
Single 1995 (38.0) 111 (20.8) 226 (36.9)
Unknown/no answer 62 (1.0) 1(0.2) 4(0.7)

Legal status (for migrantsonly), n (%)

With legal papers N/AP N/A 282 (46.1)
Asylum seeker/refugee status’humanitarian status N/A N/A 180 (29.4)
Without legal papers N/A N/A 133 (21.7)
Unknown N/A N/A 17 (2.8)

Household income/month®, n (%)

Up to 900€%/no income®/up to 350€" 2401 (39.7) 142 (26.6) 359 (58.7)
900€-1700€%/<450€%/351-700€" 1658 (28.1) 305 (57.1) 96 (15.7)
>1700€%/=450€®/701-900¢€' 606 (10.9) 63 (11.8) 14(2.3)
—%>450€%>900€" N/A 21(39) 6(1.0)

No answer 1328 (21.4) 3(06) 137 (22.4)

Employment status, n (%)

Employed 2088 (38.7) 140 (26.2) 160 (26.1)
Retired/household 2642 (35.4) 163 (30.5) 76 (12.4)
Unemployment 784 (15.3) 195 (36.5) 361 (59.0)
Other/unknown 479 (10.6) 36 (6.7) 15(2.5)
Country of birth, n (%)
Greece/Cyprus 5327 (88.9) 534 (100.0) N/A
Balkans 294 (4.6) N/A 221 (36.2)
East Europe/former Soviet Union 89 (1.6) N/A 57 (9.7)
West Europe/Australiad/ Americas 101 (1.8) N/A 1(0.2)
East/Central Asia 34(0.7) N/A 3(0.5)
Middle East and North Africa 27 (0.5) N/A 78 (12.8)
South Asia 17 (0.3) N/A 124 (20.2)
Sub-Saharan Africa 18 (0.3) N/A 126 (20.8)
Unknown 86 (1.4) N/A N/A
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Demographic characteristics General population? Greek Roma Migrants

Residencetype (for Greek Roma only), n (%)

Settlement with houses N/A 165 (30.9) N/A

Settlement with houses and shacks (mixed) N/A 232 (43.4) N/A

Shacks N/A 137 (25.7) N/A
Neighted percentages.

BN/A: not applicable.

CFor migrants, income refers to personal income, whereas for the other study populations, it refers to family income.
dGeneral population.

®Greek Roma.

fMigrants.
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Figurel. Dataflowchart of the 3 studied populations (general population, Greek Roma, and migrants). HBV: hepatitis B virus. HCV: hepatitis C virus.
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Discussion

Strengths and Limitations

Hprolipsis is the first nationwide epidemiological study on
infectious diseases HBV, HCV, and HIV. It was conducted not
only in arandom sample of the general population but also in
two hard-to-reach populations, Greek Roma and migrants. In
total, 6006, 534, and 612 from the general population, Greek
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Roma, and migrants, respectively, wererecruited. Of thosefrom
the general population, 4243 were tested for HBV, 4245 for
HCV, and 4233 for HIV/AIDS. The count for those tested for
HBV, HCV, and HIV/AIDS in Greek Romawas 522, 523, and
523, respectively, and the count for thosetested for HBV, HCV,
and HIV/AIDSin migrantswas 537, 537, and 537, respectively.
Hprolipsis has 2 main advantages: (1) it combines extensive
questionnaire data on several health indices with blood sample
test results and (2) athough one of its aims was to estimate the
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prevalence of HBV, HCV, and HIV infections in the general
adult population and in the 2 vulnerable popul ations, it was not
only aresearch study but also an integrated program providing
individual counseling, referral to all individuals who tested
positive, and vaccination in vulnerable populations. The study
was dso involved in designing and implementing
population-specific awareness actions, the success of which
was evaluated by comparing the level of knowledge on the 3
investigated infections before and after awareness actions took
place.

The expected benefits are multifaceted. Greece will be able to
provide valid estimates of the prevalence of HBV and HCV
infectionsin the general population, Greek Roma, and migrants.
Such data, currently lacking, are particularly useful in an era
where global efforts to control and ultimately eliminate these
infections are being taken. Indeed, preliminary resultson HCV
prevalence, presented at international conferences [31], were
used as the best currently available estimates on which the
National Plan for eliminating HCV infection was based. In
addition, data on testing, diagnosis, and treatment rates, overall
and by risk group, region and sex, will provide the necessary
evidence to construct disease-specific cascades of care and to
identify potential inequalities. Dissemination of study results
to health policy makers, relevant NGOs, and local authorities
will help them to set up targeted prevention measures and to
adjust health policies. Hprolipsis prevalence estimates can be
used as baseline values to assess future changes and future
disease burden. When combined with data on the use of health
services and medicinesin health economic models, future health
needs and costs, necessary for public health policy planning,
can be estimated.

Conducting asurvey in migrant and in particular in Greek Roma
populations is not an easy task (eg, [32-34]), and it becomes
even more difficult when infectious diseases such as vira
hepatitis and HIV are of main interest, owing to their
stigmatization. Few such studies have been conducted
worldwide (eg, [3,20,34-36]). Several issues, with the most
important one being the establishment of trust relationshipswith
target populations, must be considered. Despite the moderate
deviations of the final sample, as compared with the planned
one, within Hprolipsis, we managed to successfully complete
the survey in Greek Romaand migrants. Conducting this study
provided us with valuable experience. Dissemination of our
study materials (study design, SOPs, guide on how to set up
trust relationships, and lessons learned) will provide useful
information for future studies on difficult-to-reach populations.

Data on the level of knowledge and misconceptions of HBV,
HCV, and HIV routes of transmisson and treatment
opportunitiesaswell as on prejudices against individual stesting
positive are lacking in Greece. Such data, however, are
necessary to design and implement awareness campaigns. In
addition, knowledge, misconceptions and prejudices may differ
by risk population. In Hprolipsis, we assessed the level of
knowledge, misunderstanding, and prejudice in al 3 study
populations. The analyses of these data will highlight the
population-specific gaps in knowledge. Successful awareness
campaigns must consider the specific cultura and social
characteristics of the target populations. In Hprolipsis,
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popul ations-specific awareness-raising campaigns were designed
and implemented, and their effectiveness was evauated.
Experience gained through this procedure, when shared with
relevant governmental organizations and NGOs, could provide
valuable information for designing future campaigns.

Finally, study participants gained numerous benefits. They were
provided with HBV, HCV, and HIV blood test results, received
personalized advice, and were personally informed about the
routes of transmission and therapy opportunities for these
infections. They also had the opportunity to discuss other health
issues with the study physicians, if they wanted. In addition,
previously undiagnosed cases took advantage of their early
diagnosis, personal counseling, and referral to specialized
clinics. Greek Roma people living in the selected settlements
additionally benefited from all other provided services. Greek
Romaand migrants susceptibleto HBV also had the opportunity
to be vaccinated for HBV.

Despitethe significant advantages of the study;, it also had some
limitations. One major limitation wasthelack of sampling frame
for Greek Romaand migrants. Thus, a convenience samplewas
chosen. Despite our efforts to review all available data and
assess sex, age, and ethnicity distribution and to imitate this
distribution in our sample, representativeness cannot be
assumed. However, in the Greek Roma survey, the sample was
drawn from the regionswhere excessive number of Greek Roma
live; across each selected region, representative settlements of
all 3 types (homes, mixed, and shacks) were chosen to ensure
that there will be enough people from each settlement type to
enable investigation of the effects of the living conditions on
health indices and that less privileged settlements were well
represented in the sample. To increase representativeness,
migrants were recruited from several sources, as suggested
[22,28]. In the migrants survey, we tried to catch the
contemporary migrant flows. On the basis of all available data
review, new arrivals mainly originate from Eastern European
countries, Africa and, more recently, from Asia owing to the
war in Syria. Those migrantsare likely to beless privileged and
with the most unmet needs. In our sample, a substantial
proportion originated from Africa, Asia, and East European
countries. In the general population survey, about 10% of the
total sample was born in a country other than Greece (6% in a
Bakan country, mainly Albania), in line with 2011 Census
reports and justifying our decision to underrepresent Albanians
in the migrants' survey. The sampling methodology for the
general population ensures representativeness. However, the
door-to-door approach that was adopted to recruit study
participants, although quite common for conducting health
screening, has somerestrictionsaswell, mainly associated with
increased costs, reducing responserate, and interviewers' safety
[27,37,38]. Despite these limitations, the overall response rate
in our study was quite high (72%).

Another limitation was that the migrants field study was
conducted during 2015 and 2016, a period of high migrant
mobility. Although this could not be predicted at the study
design phase, it had some serious side effects, the most
important of which was that, despite multiple attempts, some
participants could not be easily traced to provide them with test
results, counseling, and referral or vaccination if needed.
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Therefore, for future studies in displaced people,
fourth-generation rapid testsfor HBV, HCV, and/or HIV should
be recommended. Despitetheir higher cost, rapid tests minimize
the time needed from testing to diagnosis, counseling, and
referral. Although this course of action would be obvious
nowadays, blood sample testing was the usual approach at the
time this study was designed. Similar issues were raised during
vaccination. Although we chose a medium/short vaccination
scheme (0, 4, and 16 weeks) as more appropriate for vulnerable
populations, several eligibleindividuals, mainly migrants, failed
to complete their vaccine scheme. Alternative schemes must be
explored in future studies. Faster schemes (eg, 0, 1, and 3 weeks
with the first dose given to all people irrespective of being
susceptible), although they require a booster dose at 1 year to
increase rates of immune coverage, may be preferable. In
general, vaccination schemes must be adjusted to the specific
characteristics of the target population.

Touloumi €t d

lower than HBV prevalence. However, HIV infection in the
general population is expected to be much lower than that of
HCV (around 0.13%), and thus, estimates of HIV prevalence
are expected to be of low precision.

Conclusions

In conclusion, the Hprolipsis results will increase our
understanding on health needs and burden of infectious diseases
not only in the general population but aso in Greek Roma
people and migrants. Policy makers, NGOs, and Greek Roma
and migrant communities can rely on the Hprolipsisresults for
planning popul ation-targeted i nterventions. The implementation
of this integrated program was a great experience, providing
useful recommendations for future studies, particularly in
vulnerable populations. However, to have a complete picture
of thetotal burden of theinvestigated diseasesin Greece, similar
studies in other vulnerable populations such as homeless

. . . . individuals, prisoners, and sex workers are needed.
Finally, the required sample size for the general population was

estimated based on HCV prevalence, which is expected to be
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Abstract

Background: Relapsein schizophreniaisamajor cause of distress and disability and is predicted by changesin symptoms such
as anxiety, depression, and suspiciousness (early warning signs [EWSs]). These can be used as the basis for timely interventions
to prevent relapse. However, there is considerable uncertainty regarding the implementation of EWS interventions.

Objective: This study was designed to establish the feasibility of conducting a definitive cluster randomized controlled trial
comparing Early signs Monitoring to Prevent relapse in psychosis and prOmote Well-being, Engagement, and Recovery
(EMPOWER) against treatment as usual (TAU). Our primary outcomes are establishing parameters of feasibility, acceptability,
usability, safety, and outcome signals of a digital health intervention as an adjunct to usua care that is deliverable in the UK
National Health Service and Australian community mental health service (CMHS) settings. We will assess the feasibility of
candidate primary outcomes, candidate secondary outcomes, and candidate mechanisms for a definitive trial.

Methods: We will randomize CMHSs to EMPOWER or TAU. We aim to recruit up to 120 service user participants from 8
CMHSs and follow them for 12 months. Eligible service users will (1) be aged 16 years and above, (2) be in contact with local
CMHSs, (3) have either been admitted to apsychiatric inpatient service or received crisisintervention at least oncein the previous
2 years for arelapse, and (4) have an International Classification of Diseases-10 diagnosis of a schizophrenia-related disorder.
Service users will also be invited to nominate a carer to participate. We will identify the feasibility of the main tria in terms of
recruitment and retention to the study and the acceptability, usability, safety, and outcome signals of the EM POWER intervention.
EMPOWER is a mobile phone app that enables the monitoring of well-being and possible EWSs of relapse on adaily basis. An
algorithm calculates changes in well-being based on participants’ own baseline to enable tailoring of well-being messaging and
clinical triage of possible EWSs. Use of the app is blended with ongoing peer support.

Results: Recruitment to the trial began September 2018, and follow-up of participants was completed in July 2019. Data
collection is continuing. The database was locked in July 2019, followed by analysis and disclosing of group allocation.
Conclusions: The knowledge gained from the study will inform the design of a definitive trial including finalizing the delivery
of our digital health intervention, sample size estimation, methods to ensure successful identification, consent, randomization,
and follow-up of participants, and the primary and secondary outcomes. Thetria will alsoinform the final health economic model
to be applied in the main trial.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN):
http://isrctn.com/I SRCTN99559262

International Registered Report Identifier (IRRID):

99559262;

DERR1-10.2196/15058

(JMIR Res Protoc 2020;9(1):€15058) doi:10.2196/15058

KEYWORDS
schizophrenia; psychosis; relapse; mHealth; randomized controlled trial

relationship with the prescriber, greater deprivation, and transfer
to secondary care [8-10]. Relapse itself is an important marker
of the severity and complexity of illness and is predicted by
previous suicide attempts [11]; depression, hostility, and
embarrassment [12]; poorer premorbid functioning; family
criticism; substance misuse; socia isolation [1]; and negative
interpersonal style (possibly linked to poorer utilization of socia
support) [13].

Introduction

Background

Relapseinfluencesthelong-term course of psychosiswith rates
identified as 28% (range 12%-47%), 43% (range 35%-54%),
54% (range 40%-63%) at 1, 1.5, 2, and 3 years follow-up,
respectively [1], and more recent evidence showssimilar relapse
rates [2,3]. Relapse is also associated with poorer response to

subsequent antipsychotic treatment [4]. Relapses can occur in
up to 80% of participants at the 10-year follow-up [5] and can
lead to higher inpatient and outpatient costs [6].

One important predictor of relapse is lack of acceptance of
treatment and unplanned discontinuation of antipsychotic
medication [1]. Poorer adherence often signals a lack of
engagement with services and failure of services to build a
collaborative working alliance [7]. Nonadherence to
antipsychotic treatment is predicted by poorer insight, previous
experience of involuntary treatment, poorer premorbid
functioning, comorbid substance misuse, forensic history, poor

https://www.researchprotocol s.org/2020/1/€15058

Birchwood et al [14] pioneered the development of systematic
early signsmonitoring for relapse and itsintegration into routine
care. It isnow known that relapse isthe culmination of aprocess
of changes that commence days and sometimes weeks before
psychosis symptoms reemerge or are exacerbated. These early
warning signs (EWSs) include affective changes and incipient
psychosis. These EWSs can be detected as early as 8 weeks
before rehospitalization [15]. A systematic review [16] found
that the sensitivity of early signs to relapse (proportion of
relapses correctly predicted) ranged from 10% to 80% (median
61%) and specificity (proportion of nonrelapses correctly
identified) ranged from 38% to 100% (median 81%). Detection
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of relapse was improved by more frequent monitoring (at least
fortnightly) and by theinclusion of both psychotic and affective
symptoms.

A significant barrier to relapse prevention isfear of help seeking
arising from previous experiences of relapse[17]. For example,
people may avoid calling their care coordinator in the context
of anincreasein EWSsfor fear of being admitted to the hospital.
Research has demonstrated that fear of relapseislinked to more
traumatic experiences of psychosis and hospital admission and
greater fear of symptoms, such as voices and paranoia[18]. In
arandomized controlled trial (RCT) of relapse detection, fear
of relapse contributed independently to the prediction of relapse
(sensitivity=72%, 95% CI 52-86; specificity=46%, 95% ClI
32-60) compared with EWSs (sensitivity=79%, 95% CI 62-89;
specificity=35%, 95% Cl 23-50). Fear of recurrence was also
associated with greater depression, feelings of entrapment,
self-blame, and shame[19]. Therefore, it isimportant to include
fear of recurrence in the monitoring of EWSs.

Fear of illness and stigma are closely related to emotional
distress [20] and to poorer insight into schizophrenia [8].
Feelings of fear, depression, and helplessness are common
emotional experiences before full relapse [21]. In an effort to
minimize the stigma of illness and prevent relapse, people can
adopt avoidant coping styles that are associated with increased
risk of relapse [20]. These coping styles are associated with
greater insecurity in relationships, lower self-esteem, lower
levels of adherence, and reluctance to seek help in a crisis.
Reluctance to seek help may result from greater fear of relapse
arising from experiences of involuntary admission. Inthissense,
avoidance of help seeking can be understood from the
perspective that people with experience of psychosis are
attempting to minimize or avert the adverse consequences of
help seeking based on their lived experience. A recent systematic
review [22] found that greater difficulties in forming
relationships were associated with poorer engagement with
services, more problematic relationships with staff, and more
frequent and longer hospital admissions. In sum, the detection
of and action following EWSs may be constrained by poor
relationships between service providers and people using
services, avoidance of help seeking, perceived stigma, fear of
relapse, and reluctance to disclose EWSs.

A Cochranereview focused on the effectiveness of interventions
targeting recognition and management of EWSs of relapse in
schizophrenia [23]. Significant effects in favor of EWS
interventionswere found for the number of participantsrelapsing
(15RCTs, n=1502; risk ratio [RR] 0.53, 95% CI 0.36-0.79) and
the number of participants being rehospitalized (15 RCTs;
n=1457; RR 048, 95% Cl 0.35-0.66); however, the
methodological quality of the trials was poor in terms of
randomization, concealment, and blindness. Future EWS
interventions need to address these methodological problems
that limit their generalizability to usual care. Until this happens,
EWS interventions cannot be recommended for routine
implementation in health services [23].
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An important aspect of service provision for those people at
greatest risk of relapse is having access to an integrated mental
health care system that enables clear shared planning for
managing risk and relapse prevention. One example of thisis
therole of joint crisis plans (JCPs) in the United Kingdom. The
CRIMSON study [24] was an individual-level RCT that
compared the effectiveness of JCPs with treatment as usual
(TAU) for people with adiagnosis of schizophrenia. There was
no significant impact on the primary outcome (reduced coercion
into hospital). It was noted that when faced with crisis, in spite
of the considerable effort in developing the JCP with service
users, the teams reverted to custom and practice. The staff did
not consult JCPs in planning the team response to a crisis.
Furthermore, people in receipt of services experienced an
inability to influence clinicians behaviors, and this was
interpreted as signaling a lack of respect for their views and
opinions. Consequently, they described their interactions with
clinicians as playing the game, that is, appearing to comply with
treatment decisions. Clinicians themselves experienced their
interactions with people using services as ritualized, especially
in the context of responding to increased risk [25].

Gumley and Park [17] highlighted that rel apse prevention based
on EWS monitoring relies on the person receiving services
initiating help seeking in the context of feeling vulnerable and
threatened. Many individuals find help seeking achallenge and
may have had difficult or traumatic experiences of psychosis.
Delay in help seeking narrows the window of opportunity for
successful relapse prevention, which in turn increases reliance
on coercive measures confirming pre-existing negative
expectations. It is therefore essential to develop and evaluate
an intervention that can facilitate safe and honest disclosure of
possible EWSs while also reorienting the response of mental
health teams and the actions of their staff in a crisis toward a
more collaborative approach.

Our conceptual framework for improving relapse detection and
prevention aimsto understand how EWSs unfold in the context
of important caring relationships. Figure 1 provides an
illustration of our cognitive interpersonal model for EWSs. Fear
of recurrence drivesfeelings of fear, anxiety, and shame. Coping
strategies to regulate emotional distress (eg, increased
hypervigilance, worrying, and avoidance) shape care providers
own cognitive and emotional responses to perceived increased
risk of relapse. For example, care providers may interpret
increased emotional distress or avoidance (eg, cancelling
appointments) as evidence of increased risk prompting changes
inclinical careand risk management. These changes may further
confirm individuals' negative expectations of services and fear
of recurrence. Therefore, interventionsthat can enhance positive
emotional awareness (through self-monitoring), choice and
autonomy (through self-management promotion), and improved
communication (through increased understanding) could provide
ameans to disrupt and change negative interpersonal cycles.
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Figure 1. Cognitive interpersonal framework for early warning signs.
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Relationships

Digital technology has the potential to offer a step change that
can influence early signs monitoring both for people receiving
and providing mental health services [26,27]. Mobile phones
to support health care are promising for the déivery of
interventionsthat are unconstrained by the limitations of existing
treatment settings. Mobile phones are widely available and are
continuously dropping in cost, and nearly 3 billion people are
projected to own a mobile phone by 2020 [28]. Mobile phone
ownership among peoplewho experience psychosisisincreasing
with estimated rates of ownership from 66.4% (95% ClI
54.1%-77.6%) rising to 81.4% (n=454) in more recent studies
[29]. Furthermore, people with psychosis express an interest in
the use of mobile phones to enhance contact with services and
to support salf-management [29,30]. Mobile phones, particularly
mobile phones, offer opportunities for ecological momentary
assessment (EMA) to collect data on repeated occasions, in real
time, and in the context of daily life [31]. This enhances the
ability to assess individuals in their usual context, temporally
close to relevant events, and intensively and repeatedly as
psychological processes unfold over time [32]. Bell et a [33]
found that across 9 interventions (n=459), interventions for
people with psychosis using EMA show satisfactory levels of
feasibility and acceptability aswell as preliminary evidence of
improved clinica outcomes. Furthermore, studies that
prospectively assess symptom course using mobile phone apps
in people with psychosis show promise [34-45] in terms of
feasibility of, acceptability of, and adherence to regular daily
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monitoring and also delivery of in-timeinterventionsto support
coping [36] or delivery of cognitive behavioral therapy [38].

However, studies employing mobile phonesto promote relapse
detection and intervention are not without their challenges. The
Information Technology—Aided Relapse Prevention Program
in Schizophrenia (ITAREPS) utilized a weekly text-based
monitoring system to detect EWSs in people with psychosis.
This system gathers data on early signs of psychosis using text
messaging with clinicians notified by aertswhere scoresbreach
aspecified threshold. Treating clinicians are expected to increase
medication by 20% within 24 hours of an alert. In the initial
studies[46,47], adherence by people using services and family
members was problematic, in that only 47% were described as
high users with 70% return rates. In the ITAREPS RCT [48],
trial adherence improved; however, adherence to the treatment
protocol was problematic at 39% largely owing to conflicts
between protocol-indicated medication increases and
psychiatrists' clinical judgment. Komatsu et al [49] found that
adherenceto the I TAREPS protocol wasimproved when mental
health nurseswereinvolved in triaging EWS assessments. More
recently, Eisner et a [50] demonstrated that over 6 months,
adherence to mobile phone-based assessments of EWSs was
65% and successfully predicted increased psychotic symptoms
3 weeks later.

In sum, mobile phonetechnology offers asignificant opportunity
to deliver EM A-based monitoring of changesin well-being that
are ecologically valid and contextually sensitive. Preliminary
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studies show encouraging levels of user acceptability and
engagement, and thus, they offer the potential to recognize
EWSs and activate timely assessment and intervention to
promote self-management and relapse prevention. However,
there are important implementation challenges to ensure that
these technol ogies can enhance rel ationships and shared decision
making, particularly during times of increased stressand crisis.

Objectives

The overall aim of this study is to establish the feasibility of
conducting a definitive cluster randomized controlled trial
(cRCT) comparing Early signs Monitoring to Prevent relapse
in psychosis and prOmote Well-being, Engagement, and
Recovery (EMPOWER) against TAU. We will establish the
parameters of the feasibility, acceptability, usability, safety, and
outcome signals of an intervention as an adjunct to usual care
that is easily deliverable in the National Health Service (NHS)
and Australian community mental health service (CMHS)
settings. The EMPOWER intervention aims (1) to enhance the
recognition of EWSs by people using services and their carers
and (2) to provide a stepped-care pathway that is either
self-activated or in liaison with acarer and/or community health
care professional, which then (3) triggers a relapse prevention
strategy that can be stepped up to a whole team response to
reduce the likelihood of a psychotic relapse.

Specifically, we aim to do the following:

1. Enhanceand tailor our mobile phone software app to deliver
EWS monitoring, self-management interventions, and
access to a relapse prevention pathway that is firmly
embedded in whole team protocols and action.

2. Determine rates of digibility, consent, and recruitment of
potentially eligible participants (people using services,
carers, and care coordinators) to the study.

3. Assessthe performance and safety of the EMPOWER Class
1 Medical Device (C1/2017/0039).
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4. Assess the feasibility, acceptability, and usability of the
intervention including feedback on suggested enhancements
from people receiving the intervention, peer support
workers, and clinicians.

5. Assess primary and secondary outcomes to determine
preliminary signals of efficacy of the EMPOWER Relapse
Prevention Intervention as a basis for the estimation of
sample size requirements of a future definitive trial.

6.  Undertake a qualitative analysis of relapses to refine the
intervention in the main trial.

7. Establish the study parameters and data-gathering
frameworks required for a coordinated health economic
evaluation of a full trial across the United Kingdom and
Australia.

Methods

Trial Design

We will evaluate EMPOWER using a multicenter, 2-arm,
parallel group cRCT involving 8 purposively selected CMHSs
(2 in Melbourne, Australia, and 6 in Glasgow, Scotland) with
12-month follow-up. The CMHS will be the unit of
randomization (the cluster), with the intervention delivered by
the teams to people using services and with outcomes assessed
within these clusters. The Standard Protocol Items:
Recommendationsfor Interventional Trialschecklist isprovided
as an additional file. The study is planned and implemented in
concordance with the Consolidated Standards of Reporting
Trials(CONSORT) cluster trial extension [51] and the extension
to randomized pilot and feasibility trials[52]. We chose acluster
design as the EMPOWER intervention aims to enable a
team-based response to people in receipt of services whose
real-time EWS monitoring has activated a relapse prevention
pathway. Our CONSORT diagram is detailed in Figure 2.
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Figure 2. Consolidated Standards of Reporting Trials flow diagram. TAU: treatment as usual.
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Ethics and Governance

The West of Scotland Research Ethics Service (GN16MH271
Ref: 16/WS/0225) and Melbourne Health Human Research
Ethics Committee (HREC/15/MH/344) approved the study. The
study sponsorsare NHS Greater Glasgow & Clydein the United
Kingdom and North Western Mental Health in Australia
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Approvals from the NHS Hedth Research Authority and a
notice of no objection for a trial of a medical device
(C1/2017/0039) from the United Kingdom’'s Medicines and
Hedlth care products Regulatory Agency (MHRA) was aso
received for the trial, and it has been prospectively registered
(ISRCTN99559262). The basic trial methods of enrolment,
interventions, and assessments are summarized in Table 1.
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Table 1. Participant timeline.
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Assessment timeline

Study period and time point

Enrolment (baseline)  Allocation (0 Post allocation Close-out (12
months) months)
3 months 6 months
Enrolment
Eligibility screen NG _b — — —
Informed consent X — — — —
Allocation — X — — —
I ntervention
EMPOWER® — — X X X
Service u ser assessments
Feasibility X — X X X
Acceptability and usability — X X X
Remission status X — X X X
Relapse — X X X
Positive and Negative Syndrome Scale X — X X X
Personal and Socia Performance Scale X — X X X
Calgary Depression Scale for Schizophrenia X — X X X
Time Line Follow Back X — X X X
Hospital Anxiety and Depression Scale X — X X X
Personal Beliefs about |lIness Questionnaire X — X X X
Service Attachment Scale X — X X X
Medication Adherence Rating Scale X — X X X
EuroQol 5 Dimension X — X X X
Assessment of quality of life X — X X X
RUQY X — X X X
Questionnaire for Personal Recovery X — X X X
Generalized Self Efficacy Scale X — X X X
Psychosis Attachment Measure X — X X X
Perceived Criticism and Warmth Measure X — X X X
Carer assessments
Feasibility X — X X X
Carer Quality of Life 7 Dimension X — X X X
EuroQol 5 Domain 5 Level X — X X X
Resource Use Questionnaire X — X X X
Perceived Criticism and Warmth Measure X — X X X
Involvement Evaluation Questionnaire X — X X X

Care coordinator

Feasibility
Service Engagement Scale

% tem was applicable at the relevant study time point.

B tem was not applicable at the relevant study time point.
EMPOWER: Early signs Monitoring to Prevent relapse in psychosis and prOmote Well-being, Engagement, and Recovery.
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Preliminary Work—~Patient and Public I nvolvement

At the outset of the study, we conducted extensive consultation
with key stakeholders including mental health staff (n=88),
people with lived experience (n=21), and carers (n=40) in a
series of 25-focus groups across Glasgow and Melbourne. The
stakeholder consultation shaped the development of the
EMPOWER intervention [53]. The Scottish Recovery Network
also played a key role in shaping further consultation with
peoplewith lived experiencein further refining theintervention
development and planning.

Eligibility Criteria

Participation will be sought from CMHS in NHS Greater
Glasgow & Clyde in the United Kingdom and North Western
Mental Health Servicesin Melbourne, Austraia. All participants
(mental health staff, service users, and carers) will be
approached for their informed and written consent before
assessment and randomization. Research assistants (RAS) will
be responsible for recruitment and written informed consent.
Recruitment took place between September 2018 and July 2019.
Final follow-up assessments were completed end of June 2019.

Community Mental Health Services

We will likely engage CMHSs to have 5 or more care
coordinators willing to participate for a period of 12 months
and where potential care coordinators having eligible service
users on their caseload being likely to consider participation.

ServiceUsers

Service users from participating CMHSs are eligible for
inclusion if they are adults (aged 16 years and above); are in
contact with a local CMHS; have either been admitted to a
psychiatric inpatient service at |east oncein the previous 2 years
for a relapse of psychosis or received crisis intervention (eg,
via a crisis intervention service, reengaged with a CMHS) in
the previous 2 years for arelapse of psychosis; have received
adiagnosisof schizophrenia-related disorder, specifically 295.40
schizophreniform disorder (International Classification of
Diseases-10[ICD10]=F20.81), 295.70 schizoaffective disorder
(ICD10=F25), 295.90 schizophrenia (ICD10=F20.9), 297.10
delusional disorder (ICD10=F22); and are able to provide
informed consent as adjudged by the care coordinator, if in
doubt, the responsible consultant.

Carers

Carers of people receiving support from participating CMHSs
will be digible for inclusion if they have been nominated by
eligible participants; they are in regular contact with the person
receiving services, and they provide informed consent to
participate in the study.

Exclusion Criteria

Individuals will be ineligible for participation if they do not
meet the inclusion criteria outlined above. In addition,
participants will be excluded if they have experienced a recent
relapse operationally defined as having been discharged from
the care of a crisisteam or psychiatric inpatient service within
the previous 4 weeks.

https://www.researchprotocol s.org/2020/1/€15058
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Interventions

In describing the EMPOWER intervention in the following
section, we have utilized the Template for Intervention
Description and Replication Checklist [54].

Early SignsMonitoring to Prevent Relapsein Psychosis
and Promote Well-being, Engagement, and Recovery
I ntervention

Rationale

The rationale for the EMPOWER intervention was informed
by the cognitive interpersonal model outlined in Figure 1 and
has been designed to enable participants to daily monitor
changesin their well-being. In EMPOWER, werefer to changes
in well-being as ebb and flow as a means of moving away from
risk-orientated monitoring that can sensitize individuals to
increased fear of relapse. The terminology also conveys a
normalizing framework for understanding changesin emotions
and psychotic experiences in daily life. The EMPOWER
intervention isblended with peer support. A peer support worker
(PSW) is involved in setting up and personalizing the daily
guestionnaire, alongside regular fortnightly follow-up. Clinical
triage of changes in well-being that are suggestive of EWSsis
enabled through an EM POWER algorithm that triggers acheck
in prompt (ChlP). This enables prompt identification of EWSs
and triggers a relapse prevention pathway.

The EMPOWER app was devel oped through consultation with
people using services, their carers, and mental health
professionals. Service user participants have access to the
EMPOWER app for up to 12 months of theintervention period.
EMPOWER was developed as a flexible user-led tool to (1)
daily monitor the ebb and flow of changes in their well-being
which incorporates, (2) personalized EWS items, (3) enables
the delivery of EMPOWER (self-management) messages
directly to service users and, (4) provides a mobile phone user
interface to enable service users to review their own data and
keep adiary of their experiences.

Materials

Daily monitoring of well-being is initiated by pseudorandom
mobile phone notifications to complete the EMPOWER
guestionnaire. The questionnaire contains 22 items reflecting
13 domains (eg, mood, anxiety, coping, psychotic experiences,
self-esteem, connectedness to others, fear of relapse, and
personalized EWSs). Itemsinclude both positive (eg, “I've been
feeling close to others’) and negative (eg, “I’ve been worrying
about relapse”) content. Each item is completed using asimple
screen swipe that enables quick and efficient completion by
users. Each item is automatically scored on a scale of 1 to 7.
Where particular items score >3, users are invited to complete
supplementary questions to enable a more fine-grained
assessment of that domain. This provides up to a maximum of
56 questionnaire items. The questionnaire was piloted among
7 participants for an average of 36.7 days (range 32-49), and
the app was completed on an average of 24.5 days (range 16-35),
giving an overall rate of engagement of 68.9%.
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Procedures

A PSW meets with participants on an individual basis to
introduce the rationale for using the app, collaboratively sets
up the app on their own or a study mobile phone, and supports
the individual’s familiarization with the handset and app
functions. Participants areinvited to choose up to 3 personalized
EWS items to be included in the EMPOWER questionnaire,
and further personalization of delusion specific items can also
be made. Where possible, an individual’s care coordinator and
nominated carer are invited to contribute to this meeting.
Participants are invited to undertake daily monitoring for an
initial 4-week baseline period to help establish their personal
baseline of the ebb and flow of their well-being. During this
period, additional support isprovided by PSWsthrough weekly
telephone follow-up. This provides an opportunity to encourage
usage of the app, solve any technical problems, and identify
any adverse effects. At the end of the 4 weeks, afurther meeting
is arranged with a PSW or mental health nurse to review

Gumley et a

monitoring, encourage engagement with EM POWER messages,
agree participants preferencesfor actionsin responseto changes
in well-being that are suggestive of EWSs and encourage
continued utilization of loca CMHSs for clinical care. All
participants are offered ongoing fortnightly PSW support to
encourage use of the app: to support their reflection on changes
in well-being and their broader context including, for example,
stressful life events, and to encourage use of self-management
strategies prompted by EMPOWER messages.

Digital Procedures

Theanalysis and handling of questionnaire datais governed by
the EMPOWER algorithm. The EMPOWER algorithm is a
Class 1 Medical Device (ISO 14155:2011[E]), which is an
algorithm that forms one part of a broader system that is
designed to identify and respond to changes in well-being that
are suggestive of EWSs. Figure 3 provides a graphical
representation of the system’s high-level components and data
flow.

Figure 3. Early signs monitoring to prevent relapse in psychosis and promote well-being, engagement, and recovery system.

Server and database

Notifications
and messages

Question responses

Mobile app

Parti cipants use amobile phone app that prompts them to answer
adaily questionnaire about potential EWSs of psychosis. The
data are then submitted to the EMPOWER server and analyzed
by the EMPOWER algorithm. The algorithm compares a
participant’s latest data entry against their personal baseline. If
changes exceed predefined thresholds, a ChlP is generated for
the participant. The consequences of the ChIP are that the
research team, which includes aregistered mental health nurse
(in the United Kingdom), clinical psychologists (United
Kingdom and Australia), and general psychologist (Australia
only), isemailed about the participant and that the participant’s
statusis set to alert and ishighly visible on a secure Web-based
researcher interface. In addition to viewing and handling Chi Ps,
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Alert
handling
information

Researcher interface

Emails to research team

researchers can aso view longitudina graphs of ther
participants’ well-being and possible EWSs, filtered by question
or by domain (group of questions). In response to ChiPs, a
member of the research team checksin with the participant and
based on the outcome of this triage assessment, they can share
an update with the participants’ care coordinator who can, if
indicated, escalate increased support to the participant from
their local CMHS to reduce risk of relapse. These actions are
agreed on a case-by-case basis, and we did not constrain the
service user’'s treatment provider to respond within a specific
timeframe or indeed in a specific way. We have undertaken the
responsibility to update the individual on any ongoing actions.
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The EMPOWER agorithm aso runs a separate process scan
for EWS changes against the baseline. On the basis of these
changes, the logi ¢ sel ects a message from the most appropriate
of several content-based message pools (ie, one message pool
contains hel pful messages about mood and another about anxiety
and coping). This message is delivered back to, and displayed
on, the participant’s EMPOWER app. Messages are intended
to help people have a greater sense of control over their mental
health and well-being and to support self-management.

Training and Support to Community Mental Health Service
Staff

Following randomization of CMHSs to EMPOWER, we will
aim to provide training to mental health staff in those teams
based on our model of relapse prevention, which emphasizes
(1) therapeutic alliance, (2) barriers to help seeking, (3)
familiarization with app, (4) developing an individualized
formulation of risk of relapse, and (5) developing acollaborative
relapse prevention plan. Following this, we aim to meet with
care coordinators on a fortnightly basis to provide support in
the implementation of EMPOWER. These meetings are aimed
to clarify and encourage formulation of any changes and
participants’ responses within the model and support clinicians
to consider EM POWER-consi stent intervention options.

Treatment as Usual Control

TAU was chosen as a control condition in both the Glasgow
and Melbourne centers as this provides a fair comparison with
routineclinical practice. In Glasgow and Melbourne, secondary
careisdelivered by adult CMHSs, which largely involveregular,
fortnightly, or monthly follow-up with a care coordinator and
regular review by apsychiatrist. TAU isthe modal comparison
for digital interventionsin schizophrenia. However, recent trials
[38] have included active monitoring control groups. Our
comparison with TAU will be reviewed before submitting the
main trial application.

Outcomes

All outcome measures will be administered at baseline and
subsequently at 3, 6, and 12 months by RAswho will have been
trained in the use of al theinstrumentsand scalesand who have
achieved a satisfactory level of interrater reliability. RAs have
asaminimum astrong honorsdegreein Psychology or arelated
discipline. Regular interrater reliability assessments will be
conducted during the trial. RAs will enter anonymized
participant data onto an electronic case record form hosted by
the University of Aberdeen, with the exception of relapse data.
Relapse data will be entered by the trial manager (SB). Data
quality and error checking will be conducted at each time point
including baseline, 3 months, 6 months, and 12 months post
randomization.

Primary Outcomes

Feasibility

For al participants, outcome assessment will include the
proportion of eligibleand willing service userswho then consent
and the proportion continuing for 3, 6, and 12 months to the

end of the study. We will report on the perspectives of service
users, carers, and mental health staff in relation to the frequency
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of seeking help in relation to EWSs; the frequency in which a
family member/carer has sought help in responseto EWSs, and
the frequency of clinical care that has changed in response to
EWSsat 3, 6, and 12 months.

Acceptability and Usability

For those randomized to EMPOWER, we will report the length
of time participants are willing to use the app and the number
completing >33% of EWS datasets. We will also report the
self-reported frequency of app use, frequency of sharing data
with the keyworker, frequency of sharing data with the family
member/carer, and frequency of accessing charts at 3, 6, and
12 months. We will also assess self-reported acceptability and
usability using an adapted version of the Mobile App Rating
Scale[55].

Safety—Adver se Events

Details of recording and reporting all adverse eventsis contained
in our Standard Operating Procedure for Adverse Events that
complies with Medical Devices Regulations 2002, 1SO/FDIS
14155:2011 and Standards for Good Clinical Practice. An
adverse event is defined as seriousiif it (1) results in death, (2)
isalife-threatening illness or injury, (3) requires (voluntary or
involuntary) hospitalization or prolongation of existing
hospitalization, (4) resultsin persistent or significant disability
or incapacity, or (5) isamedical or surgical intervention required
to prevent any of the above, (6) leads to fetal distress, fetal
death, or consists of acongenital anomaly or birth defect, or (7)
isotherwise considered medically significant by theinvestigator.
Wewill record any adverse device effects (serious or otherwise)
arising from the EMPOWER agorithm. In addition, we will
measure all adverse effects arising from study procedures
including use of the EMPOWER app. We have prespecified
(but not limited) theseto (1) increased fear of relapse or paranocia
associated with responding to questionsin the EM POWER app
and (2) increased worries about surveillance by psychiatric
services. We will also assess changes in fear of relapse using
the Fear of Recurrence Scale [18].

The relationship between the investigational medical device
and the occurrence of each adverse event will be assessed and
categorized. In consultation with the RA and the trial manager,
the chief investigator will use clinical judgment to determine
the relationship. Alternative causes, such as natural history of
the participant’s underlying condition, concomitant therapy,
and other risk factors, will be considered.

We aso record medical device deficiencies, which is any
inadequacy of the EMPOWER medical device. These can
include malfunctions, end user errors, and inadequate labeling.

Perfor mance
The following performance endpoints have been identified:

1. Each participant has the app successfully uploaded on a

mobile phone.

2. Each participant has personalized EWSs included in the
EMPOWER questionnaire.

3. Each participant receives adaily prompt to complete their
guestionnaire.
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4. Participantsreceive an EMPOWER message each timethey
complete the questionnaire.

5. Following 4 weeks of usage, the EMPOWER algorithm
calculates each of the participant’s individualized baseline
or variance of symptoms and experiences.

6. Participants can access charts of their symptoms and
experiences covering 1-week and 1-month time intervals.

7. Following completion of the questionnaire, participants
data are transferred to the secure server.

8. Researchers access participants questionnaire responses
and generate charts to observe changes over time.

9. Researchers receive arecord of aerts for each participant
and can record actions in relation to these alerts.

Gumley et a

Candidate Outcomes

Candidate Primary Outcome

Data related to symptom change and possible relapse will be
extracted prospectively from electronic case notes by RAs.
Relapse is defined as (1) areturn or exacerbation in psychotic
symptoms of at least moderate degree; (2) where symptoms
have |asted at |east one week in duration, and there is evidence
of adeclinein functioning or anincreaseinrisk to self or others;
and (3) there is evidence of aclinical response from services.
Relapse criteriaare summarized in Table 2.

Table 2. Early signs monitoring to prevent relapse in psychosis and promote well-being, engagement, and recovery relapse criteria.

Criteria Notes and definitions

A return or exacerbation in psychotic symp-
toms of at least moderate degree; If present
score=1 .

These are defined asfirst rank psychotic symptomsincluding hallucinations, delusions, thought
disorder and persecutory paranoia
In line with Positive and Negative Syndrome Scal e assessments, moderate severity means that

these occur at least occasionally or intrude on daily life to a moderate extent

AND Where symptoms have lasted at least 1
week in duration; If present score=1

AND Where thereis evidence of adeclinein
functioning; If present score=1

There was clear evidence that duration of psychotic symptoms occurred over at least 1 week

Includes adeclinein one or more of the role performance areasidentified from the Personal and
Socia Performance Scale:

«  Socidly useful activities, including work and study (this should include cooperation with
household tasks, voluntary work, and useful hobbies, such as gardening)

«  Personal and socia relationships (this includes relationships with a partner or relatives and
broader social relationships)

«  Self-care (personal hygiene, personal appearance, and dressing)

ORAnN increasein risk to self or others; If
present score=1

AND Thereis evidence of aclinical response
from services; If present scorefor each of these
criteria=1 (Maximum=3)

«  Generd domainsto consider are physica and psychological health care; lodging (areaof residence

and living space care); contribution to household activities; participation in family life or resi-
dential/day-center life; intimate and sexual relationships; childcare; social hetwork, friends, and
helpers; general interests; financial management; use of transport; coping skillsin crisis; keeping
social rules

Increasein risk to self includes deliberate self-injury and/or suicidal ideation that was clinically
significant in the investigator’s judgment. Evidence is required of either an increase in thoughts
or an intent to act upon such thoughts. These must occur within the context of the episode and
be accompanied by a service response. The service response can be reflected in that thereisa
statement of increased risk, thereis a note of discussing safety plans, or staff have ensured that
the participant has access to crisis contacts

Increasein risk to othersincludes significant violent and aggressive behavior. Thisa so includes
homicidal ideation, with evidence of intent to act upon this. Violent and aggressive behavior
should only be recorded as an increase in risk where there is evidence of a service response to
manage this behavior

An increase or change in medication, increased home visits, or referral to crisis services
Any hospital admission or imposition of aCommunity Treatment Order in responseto psychosis
Use of the mental health act to enforce an involuntary hospital admission

RAs who are not blinded to the treatment condition extracted
data from electronic case records to document all recorded
episodes of changes in psychotic symptoms, functioning, risk,
and clinical management. These episodeswill providethebasis
for individual anonymized case vignettes that are submitted to
our independent and blinded adjudication panel. All vignettes
will be fully anonymized and any information relating to the
EMPOWER intervention will be concealed. This panel will
contain expert cliniciang/researcherswho will have the necessary
knowledge, experience, and skillsto make independent blinded
judgments regarding relapse/exacerbation. The panel will

https://www.researchprotocol s.org/2020/1/€15058

determine that a relapse event has occurred and will also rate
the severity of relapse on a 7-point scale based on the criteria
included in Table 2. We will report time to first relapse, type
of relapse (Relapse, Exacerbation, and Unspecified). We will
also report number (%) with (1) return or exacerbation in
psychotic symptoms, (2) duration of at least one week, (3)
reduction in functioning, (4) increase in risk, (5) change in
clinical management, (6) admission to hospital, and (7) use of
mental health act. Wewill report detail s of all relapse outcomes
across both groups. All participants will be assessed at each
follow-up point for the presence of any of these criteria
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described in Table 2, enabling us to calculate a mean severity
score across participants and allocated groups at each follow-up
point.

Candidate Secondary Outcomes

We will also assess changes in symptoms, substance use,
emotional distress, carer burden, service engagement, and
adherence and health-related quality of life.

1. Mental hedlth status: The Positive and Negative Syndrome
Scale [56], Persona and Social Performance Scale [57],
and the Calgary Depression Scale for Schizophrenia [58]
will be completed with service user participants.

2. Substance use measures: Time line follow back for drugs
and alcohol [59]

3. Emotional distress: Hospital Anxiety and Depression Scale
[60] and the Persona Beliefs about Illness
Questionnaire-Revised [61].

4. Service engagement: The Service Attachment Scale [62]
and the Medication Adherence Rating Scale [63] will be
completed by service user participants.

5. Hedth Economics; EuroQol 5 Dimension 5 Leve
(EQ-5D-5L) [64] and the Assessment of Quality of Life—8
Dimension (AQoL-8D) [65], the CarerQoL [66], and a
Resource Use Questionnaire (RUQ).

Candidate M echanisms

Measures have been selected that map directly onto
hypothesized mechanisms of change and known predictors of
relapse. M echanisms of service user benefit are operationalized
as improvements in personal recovery, empowerment, and
utilization of social support.

1 Recovery and self-efficacy: Questionnaire for Personal
Recovery [67] and the General Self-Efficacy Scale [68]
will be completed by service user participants.

2. Social and interpersonal context: Psychosis Attachment
Measure[69] and Perceived Criticism and Warmth Measure
adapted from the Perceived Criticism Measure (PCM) [70]
will be completed by service user participants.

Carer Outcomes

The Involvement Evauation Questionnaire [71] will be
completed asameasure of carersworrying, tension, urging, and
supervision. A carer PCM adapted from the PCM described
above will be used as a measure of carers perspectives on
relationship quality.

We will also assess Carer Health Economic Outcomes using a
purposively designed RUQ, time cost questionnaire, the
EQ-5D-5L, and the CarerQol-7D.

Care Coordinator Outcomes

Participants care coordinators will complete the Service
Engagement Scale [72].

Process Evaluation

In line with recent MRC Guidance on process evaluation of
complex interventions [ 73], we will produce alogic model for
the EM POWER intervention and conduct a process eval uation.
The process eval uation will be used to explore thewaysin which
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EMPOWER may operate to produce outcomes. Specifically, it
will focus on intervention fidelity, exposure, reach, context,
recruitment, retention, and contamination, as well as the
acceptability of study procedures. We will interview service
users, carers, mental health staff, and research staff to ensure a
multiperspective understanding of the intervention. We will
publish the protocol for the process evaluation elsewhere.

Sample Size

No formal sample size calculation is appropriate for this pilot
phase. The proposed sample size of up to 120 service users
across 40 care coordinators in 8 CMHSs is deemed to be
sufficient to establish feasibility and obtain parameters
(including the relevant ICCs for the cluster design) to inform
the design and size of afuture definitive, pragmatic, multicenter,
and multinational cRCT.

Recruitment and Randomization

The unit of randomization is the CMHS (the cluster).
Participating CMHSswill be randomized within stratified pairs
to the EMPOWER Relapse Prevention Intervention or to
continuetheir usual approachto care. A statistician at the Centre
for Healthcare Randomised Trials (CHaRT) at the University
of Aberdeen will provide the alocation codes. The 2 clusters
in Australia form a single stratum. The 6 clusters in Glasgow
will be paired based on similarity of catchment areain terms of
socia deprivation or CMHStype (eg, early intervention service).

Researchers will approach each eligible care coordinator and
seek their consent to participate in the trial. Before
randomization, consenting care coordinators will provide an
anonymized list of their current potentially eligible casel oad of
people using services. Thislist will then be randomly ordered
by CHaRT. Researchers will then approach identified people
sequentially in blocks of up to 5 potentially eligible participants
and seek informed consent to participate in the study. If there
are further participants eligible for inclusion at the end of this
block, the researcher will move onto the next block of 5 (if
applicable). Care coordinatorswill provide participantswith an
easy-to-read information leaflet about the study to enable
potential participants to express interest in finding out more
information. In Australia, information posterswill bedisplayed
within staff areas of participating sites to inform care
coordinators of the study and provide contact details of RAS,
should they wish to participate.

We aim to approach and consent on an average of 3 participants
per care coordinator (giving a total of up to 120 potential
participants). Following consultation with theindependent Data
Management and Ethics Committee (DMEC) and the Study
Steering Committee (SSC) in May 2018, these recruitment
objectives were amended to 86 participants. This was because
of anumber of challengesto recruitment including (1) temporary
suspension of the study to apply for registration withthe MHRA,
which delayed start up to recruitment, (2) comprehensive and
detailed screening of all potential trial participants, (3) delays
arising from care coordinators approaching potential
participants, and (4) high rates of turnover among care
coordinators. Following independent methodological and
statistical advice, there was clear guidance that the original
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feasibility aims will be met by the trial, and this change to
recruitment targets was approved by the funders. After
compl eting baseline assessments on all consenting service users
in care coordinators’ and CMHSs' caseload, the Clinical Trials
Unit (CTU) at CHaRT will conduct randomization of the
CMHSs. For Audtralia, with just 2 clusters, this will be by
simple randomization by the CTU. For Glasgow, with 6 clusters,
the CTU will create 3 pairs of teams based on similarity of the
catchment area in terms of socia deprivation (Carstairs) score
or CMHS type (eg, early intervention service). The CTU will
randomly allocate one member of the pair to the intervention,
and the remaining member will be allocated to control.

Wewill explorein this pilot phase the best method of randomly
allocating the clustersin the full trial, specifically to establish
what matching factors (if any, and/or if matching at al is
appropriate, methodologically) are suitable. Any violations of
the study protocol will be recorded and reported to the Research
Ethics Committee, SSC, and the independent DMEC.

Statistical Analysis

A full dtatistica anaysis plan will be written before (and
published on the CHaRT website) any analysis is being
undertaken. All analyses will be carried out using the
intention-to-treat principle with data from al participants
included in the analysis including those who do not complete
the intervention. Every effort will be made to follow up all
participantsin both armsfor research assessments. Theanalysis
will follow the guidelines of the CONSORT statement for
clustered randomized trials and recommendations for the
analysis of clustered randomized trials when presenting and
analyzing the data. Here, we have potentially repeated measures
onindividua patients nested within care coordinators who are
nested within teams (the unit of randomization) who areinturn
nested within region (Australia and the United Kingdom or
possibly to be known as Scotland). The analysiswill adjust for
thesefactors using appropriate random (service user, if relevant;
care coordinator; and team) and fixed (region) effects. Thetrial
statistician will remain blind until the main analyses are
complete. Baseline characteristics of the study population will
be summarized separately within each randomized group.
Baseline characteristicswill aso be presented for drop-outs and
completers within each treatment group.

A full Health Economic Statistical AnalysisPlan will bewritten
before any analysis is being undertaken. As part of the within
trial economic evaluation, we propose to test 2 health-related
quality of life measures (which can be used to assess
Quality-Adjusted Life Years), the EQ-5D-5L, and the AQoL-8D
in the feasibility trial. Although the EQ-5D-5L is very
commonly used inthe United Kingdom and Australian context,
its sensitivity and appropriatenessin people with schizophrenia
has been seriously questioned [74]. The AQoL-8D is a newer
HRQoL measure and was developed to be sensitive to the
domains of quality of life that are important to people with
mental health problems. A RUQ to capture costs incurred will
also be tested. This questionnaire will need to be appropriate
to both the United Kingdom and Australian context but may
require some system-specific modulesfor services, which differ
between the 2 settings.

https://www.researchprotocol s.org/2020/1/€15058

Gumley et a

Data Sharing

Data generated by this research will be made available as soon
as possible based upon reasonable request to the study chief
investigator.

Ethics Approval

West of Scotland Research Ethics Service (GN16MH271 Ref:
REC/16/WS/0042) and Melbourne Health (HREC/15/MH/344).

Results

Recruitment to thetrial began in September 2017, and follow-up
of participants was completed in July 2019. The database lock
wasin July 2019, followed by analysis and disclosing of group
allocation.

Discussion

Relapse among people with a diagnosis of schizophreniais a
major contributor to poorer outcomes in terms of greater
symptom severity, distress, and risk of a range of adverse
outcomes including coercion into care, self-harm, and suicide
[8-12]. People diagnosed with schizophrenia worry about
relapse, and this is linked to feelings of anxiety, shame,
depression, and shorter timeto rel apse [18]. Relapse contributes
to carers’ experiences of distress and worry and has been linked
to greater needs for continuity of communication with mental
health care professionals[ 75]. Mental health staff are concerned
about the impact of relapse on service users and carers, but the
impact on their roles are also considerable in terms of
responding to crises and increased risk [24]. These sources of
strain place relationships under significant pressure, which can
break down communication, anticipatory care, and shared
decision making especialy in the context of EWSs of relapse.
This can potentially result in loss of collaboration, increased
risk of disengagement, and greater use of coercion, thus
confirming many of the fearful and threat-based expectations
held by service users, carers, and, arguably, the staff [25].

On the basis of our theoretical model outlined earlier, we have
developed an intervention that blendsadigital intervention with
peer support, with triage of increased risk of relapse to prompt
early interventions that are attuned to needs of service users.
Our approach uses digital technology to enable service usersto
monitor the ebb and flow of emational well-being in daily life
and utilizes an algorithm to deliver messages to enhance
attunement, awareness, curiosity, and self-management in
response to changes in well-being. In our theory, the blending
of digital with peer support is important to cultivate helpful
conversationsto promote greater autonomy, empowerment, and
recovery. We anticipate that conversations focused around the
ebb and flow of changes in well-being in daily life can also
increase opportunities for earlier help seeking, collaboration,
and shared decision making in the event of possible EWSs
facilitated by clinician triage into arelapse prevention pathway
embedded in mental health services.

The EMPOWER tria will deliver the protocol for a blended
digital intervention and will establish the feasibility of running
a definitive cRCT. We will establish the safety, acceptability,
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usability, and performance parameters of the EMPOWER
intervention. We will learn how to optimize the identification,
consent, and follow-up of potentially eligible participants. We
will establish the feasibility of measuring and collecting our
candidate primary, secondary, and mechanistic outcomes.
However, in its own right, our study has anumber of important
broader implications for digital health interventions for people
diagnosed with schizophreniaand psychosis. Our mobile phone
app will beavailablefor peopleto usefor upto 1 year onadaily
basis. To our knowledge, this will be the longest RCT of a
mobile phone app in psychosisto date. In addition, the algorithm
that underpins the assessment of ebb and flow is, to our
knowledge, the first mental health app to be registered as a
medical devicetrial (CI/2017/0039) by the United Kingdom's

Gumley et a

We will aso establish and report the rater reliability of our a
priori definition of relapse that has been informed by our
theoretical model [18] that underpinstheintervention. In studies
of relapse in schizophrenia, there is alack of consensus as to
the definitions of relapse measurement [76], very often studies
actually fail to report their definitions of relapse [77], and, to
our knowledge, none have ever consulted people with lived
experience of psychosison how relapseis measured and defined.
Our approach to relapse assessment aimsto address these major
shortcomings in the literature making the theory, rationale,
measurement, and interrater reliability of our definition explicit.
In addition, our approach will enable usto report timeto relapse,
severity of relapse, and mean severity scores across groups at
each follow-up timepoint.

Medicines and Healthcare products Regul atory Agency.
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Abstract

Background: Workplaces that provide opportunities for physical activity without requiring extra time for activity could help
counteract the obesity epidemic. Desk dllipticals can contribute to activity-supportive workplace environments; however, the
feasibility of engaging employeesin pedaling ellipticals during simultaneous office work has not been well evaluated.

Objective: Weaim to present the rational e and methods from an ongoing randomized trial with overweight and obese employees
that will evaluate (1) the effects of pedaling a compact desk elliptical on work performance and (2) the influence of different
incentive types and schedules on desk pedaling quantity.

Methods: Overweight and obese medical center employees are being recruited in dyads for a 2 (gift card type: healthier food
vs Amazon) by 3 (gift card schedule: immediate incentive contingent on individual pedaling quantity; immediate incentive
partialy contingent on dyads' joint pedaling quantity; and delayed noncontingent pedaling incentive) cluster randomized
within-subjectsfactorial trial. All participants receive a Bluetooth-enabled desk dlliptical for 4 weeks and access to amobile app
that provides real-time pedaling feedback. The primary aims are to assess (1) change in employee work performance from pre-
to postelliptical installation via employee and supervisor ratings and (2) effects of gift card type and schedule on quantity of
objectively measured desk pedaling completed.

Results: Data collection is ongoing. We expect to complete main outcome analyses in 2020.

Conclusions: Thistrial represents one of the earliest attempts to assess the effects of desk pedaling and pedaling-incentive types
in real-world offices. It could help bridge the research-to-practice gap by providing evidence on whether desk pedaling can be
sustained without compromising work performance.

International Registered Report Identifier (IRRID): DERR1-10.2196/16275
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Introduction

Background

Most working-aged US adults spend more than half of each day
in sedentary behavior [1,2] and at least 60% do not meet
recommended physical activity guidelines[3,4], whichincreases
the risk for obesity and chronic disease [4-6]. Adults in the
workforce identify lack of time as one of the most significant
barriers to regular physical activity [7,8]. Fewer than 1 in 3
employed adults typically participate in workplace physical
activity programs[9,10].

Desk ellipticals, which enable people to expend about 85 to 90
extra kilocalories per hour over sedentary sitting [11,12], can
address the time barrier to physical activity in 2 unique ways.
First, desk ellipticals reduce the opportunity cost of physical
activity, as employees can pedal while working and are not
required to commit extra time to complete physical activity
[13]. Second, unlike typical workplace physical activity
interventions which are conducted outside working hours[14],
desk ellipticals can be placed in employees immediate
environment—near computers, telephones, and coworkers[11].
This feature is important because lack of time for physical
activity often reflectsalow density of immediate cues (prompts)
and reinforcers (eg, economic, social, physical, or emotional
benefits) for physical activity, coupled with a higher density of
such cues and reinforcers for competing work and social
demands [15,16]. Placing desk ellipticals in employees
workspaces, where they can generate immediate cues and
reinforcement for activity (eg, visua promptsto pedal, coworker
modeling of pedaling, or praisefor pedaling), is consistent with
ecological models and research supporting the importance of
proximal environmental influences on physical activity and
sedentary behavior [17,18].

Desk Pedaling and Work Perfor mance

To disseminate desk ellipticals or similar devices on a large
scale, employerswill require evidence that pedaling such devices
does not compromisework performance[19,20]. Most previous
studies that assessed simultaneous work performance during
desk pedaling were conducted in lab-based settings [21-26].
These | ab-based studies supported the feasibility of completing
specific work tasks during simultaneous desk pedaling, within
controlled environments that maximized internal validity [27].
However, there has been limited research on work performance
and simultaneous desk pedaling in field settings where
employees perform their actual jobs. Conducting work
performance evaluations in field settings is important for the
external validity of study findings, asthese settings may include
unique social and built environment constraints or facilitators
(eg, coworker criticism or praise, and office layout variations)
that are difficult to engineer in alab [27,28].

Among several studies that investigated the use of compact
eliptica or pedaling devices in rea-world offices,
employee-administered surveys suggested that it was feasible
to work productively while engaged in simultaneous pedaling
[13,29,30]. However, these studieslacked input from supervisors
about the effects of pedaling devices on employee
performance—which is needed to ensure more widespread

https://www.researchprotocol s.org/2020/1/€16275
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acceptance and dissemination of these devices. These studies
also lacked assessment of employees’ ability to perform specific
common office work tasks (eg, emails and phone calls) while
pedaling. Therefore, amore comprehensive assessment of work
performance during office-based pedaling is warranted.

Incentives and Desk Pedaling Quantity

Previous office-based desk pedaling studies demonstrated small
declinesin employees’ pedaling activity over time[13,29,31,32],
suggesting aneed for greater reinforcement of pedaling activity.
Both primary food-based and generalized monetary reinforcers
can help to sustain physical activity [33-39], but these types of
incentives have not been explored in desk pedaling trials, or
directly compared for their effects on sustaining physical activity
or other heath behaviors. Providing healthier food-based
incentives may offer advantages over traditional monetary
incentives or cash-equivalent gift cards, including the potential
to address the obesity epidemic, increase cost-effectivenessvia
improved health, and build cultural norms for healthful eating
[33]. In contrast with money or cash-equivalent gift cardswhich
are obtained at a fixed price point, there may also be
opportunitiesto secure volume discountsfor food itemsto attain
cost savings for population-wide interventions. Understanding
the differential effects of healthier food versus monetary or
cash-equivalent incentives could inform the design of popular
workplace incentive plans for healthy lifestyle change [40].

In addition to the differential effects of incentivetype, incentive
delivery schedules may impact desk pedaling quantity. Food or
monetary reinforcers delivered on an immediate reinforcement
schedule close-in-time to achieving physical activity and other
behaviora goa s have been more effectiveinincreasing physical
activity or motivation than delayed reinforcers[34,41,42]. Some
evidence also suggests increased likelihood of achieving
behavioral health goals when the receipt of reinforcers is
partially contingent on 2 or more people achieving agoal, rather
than solely dependent on individual goal achievement [43,44].
The effects of varying these reinforcement schedules on desk
pedaling quantity have not yet been investigated.

Purpose and Hypotheses

In sum, we aim to present the rationale and methods for a
randomized trial among overweight and obese employees that
will assessthe effects of (1) desk pedaling on work performance
using comprehensive employee- and supervisor-rated work
performance measures and (2) healthier food versus monetary
incentives with varied reinforcement schedules on pedaling
quantity. We hypothesize that a 4-week desk pedaling
intervention period, as compared with a4-week preintervention
period of standard office sitting, will not yield meaningful
differences in employees work performance. We aso
hypothesize that healthier food and monetary incentives
delivered (1) on an immediate rather than a delayed schedule,
and (2) partially contingent on dyadic- rather than solely
individual-goal achievements, will yield greater pedaling
guantity. Achieving these aims could help bridge the
research-to-practice gap in trandating desk ellipticals from
laboratory settings to real-world office environments.
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Methods

Design

We will use a 2 (gift card type: healthier food vs Amazon) by
3 (gift card schedule: immediate incentive contingent on
individual pedaling quantity, immediate incentive partially
contingent on dyads joint pedaling quantity, and delayed
noncontingent pedaling incentive) cluster randomized
within-subjects factorial design. Employee dyads (n=60 or 30
two-person clusters) will be recruited on arolling basisto join
the program together and will be randomly assigned in clusters
to 1 of the 6 study groups using computer-generated permuted
block randomization (block size of 6 with equal alocation,
determined by a statistician).

The intervention phase will last 4 weeks, with within-subject
assessments (viapre- and postintervention questionnaires) used
to capture changes in work performance and reported
nonpedaling physical activity between a4-week preintervention
period with standard office sitting and a 4-week intervention
period with desk pedaling. The primary outcomes are (1)

Textbox 1. Inclusion criteria.

Rovniak et al

changesin employee- and supervisor-reported work performance
between the 4-week preintervention period and the 4-week
intervention period and (2) objectively measured pedaling
guantity during the 4-week intervention period based on data
from the Bluetooth-enabled desk ellipticals. The secondary
outcomes include employee-reported changes in nonpedaling
physical activity, cost-effectiveness of incentive conditions
(measured by the total dollar value of gift cards distributed and
redeemed, and by work productivity and body weight changes),
participant satisfaction, and built and social environment
influences on employees work performance and pedaling
guantity.

The study was approved by the Pennsylvania State University
College of Medicine Ingtitutional Review Board, and the
National Institutes of Health peer-review statements areincluded
in Multimedia Appendices 1 and 2.

Inclusion and Exclusion Criteria

Inclusion criteria for participation are shown in Textbox 1.
Exclusion criteria for participation are shown in Textbox 2.

*  Overweight or obese (body massindex between 25 and 55 kg/mz)

feasible to complete daily pedaling

o Aged between 18 and 70 years
« Abletoread and speak English

for al study conditions on their smartphone

« Ableto obtain their supervisor's approval to participate

«  Employed full time at Penn State Hershey Medical Center and physically present in the office a minimum of 35 hours per week to ensureiit is

«  Work between 6 am and 6 pm, Monday through Friday, as thisis the time frame during which study staff are available to oversee the program
«  Desk-based office job involving sedentary work for =5 hours per day, 5 days per week
« Useanonshared desk so the pedaling measured can be attributed to the study participant

«  OwnanAndroid or iPhone smartphone with internet or Wi-Fi access and willing to install the free Cubii cycling app (Fitness Cubed Inc) needed

«  Work inacampusbuilding that has at | east one onsite Hershey-operated food vendor. On the basi s of research showing the importance of resource
proximity for resource use [45,46], the food-based rewards are more likely to be used if they are easily accessible

« Abletoidentify acoworker to do the program together with, who also meetsall eligibility criteriaafter separately completing the screening form,
based on evidence that social environment support can promote physical activity [45,47,48]

Textbox 2. Exclusion criteria.

o Currently pregnant

by adjusting the program dates
« Already have acycling device or treadmill workstation at their desk

«  Hedlth or personal condition (eg, planned surgery) that could prevent program completion

«  Physical Activity Readiness Questionnaire [49] response indicating that participants (1) have been advised that they have a heart condition and
should only do physical activity recommended by their doctor or (2) have chest pain during physical activity

«  Planned travel or relocation that will lead participants to be unavailable for 3 or more days during the study and that cannot be accommodated

Setting and Recruitment

The study is based at the Penn State Hershey Medical Center,
amajor teaching and research hospital with more than 12,000
employees in Central Pennsylvania [50]. Sedentary desk jobs

https://www.researchprotocol s.org/2020/1/€16275

at the medical center are diverse and include secretarial and
administrative work, grant proposal preparation, budgetary
administration, radiology and scan analysis, quality control
initiatives, and faculty member and other research or clinical
support positions. A brief study description was distributed via
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electronic newsdletter to all employees to publicize the study.
The study description contained a link to the secure REDCap
site [51] to complete a screening form to assess inclusion and
exclusion criteria. The study description was additionally
emailed to administrative staff who were given the option of
forwarding this information to department employees. Study
infformation was also posted on Penn State's research
recruitment website.

Employees who remain eligible to participate after completing
the screening form are asked to provide their supervisor's
contact information. Supervisors then receive a brief study
summary, together with alink to a secure Web-based REDCap
form to enable them to document consent for their empl oyee(s)
to participate. Following receipt of the supervisor’s permission
form, an initial study meeting is scheduled at the participant’s
office. At thisapproximately 20-min meeting, the consent form
and baseline questionnaire are administered, and the research
team evaluates the participant’s desk setup to determine if
modifications are required to ergonomically place the elliptical
under the participant’s desk (eg, accessible electrical outlet to
plug in the éliptical and relocation of underdesk items).

I ntervention Procedures

Common Elements

Participantsin all 6 conditions are provided with the Cubii Pro
eliptical (Fitness Cubed Inc) at no cost (Figure 1). During an
approximately 1-hour éliptical setup meeting, research staff
work with each participant to set up the desk elliptical
ergonomically, including placing the élliptical at acomfortable
distance and angle from the participant’s chair and keyboard
and equipping participants with rubber mats and chair anchors
to prevent excess chair and €elliptical motion while pedaling.

Figure 1. Desk elliptical setup in standard office cubicle.

Rovniak et al

During the eliptical setup meeting, research staff also install
the free Cubii elliptical app on each participant’s Android or
iPhone smartphone. This app provides participants with
real-time automated feedback on both their own and their
partner's pedaling volume (ie, miles, strides, minutes, and
calories expended), and shows a bicyclist moving in real time
in sync with each participant’s pedaling (Figure 2). Research
staff demonstrate key app features to participants and explain
how to check the elliptical is connected to the app to prevent
loss of pedaling data. Research staff also link each participant’s
pedaling data to a research-administered Cubii server account
and Fitbit account to enable automatic uploading of each
participant’s pedaling data. Although the Cubii server data can
only be obtained by the researchers on a delayed basis,
participants' pedaling data on the Fitbit site are available
continuously—enabling research staff to monitor pedaling
adherenceinreal time.

All participants are asked to attempt to pedal the elliptical at
least 2 miles daily (approximately 1 hour of daily pedaling)
from Monday through Friday. The goal of 2 miles, or 1 hour,
of daily pedaling was determined by prior studies, which
suggested that thisgoal could have aclinically significant impact
on weight gain prevention while being feasible for overweight
and unfit participants [11,13]. Participants are informed that
they can choose to pedal more or less than the 2-mile goal and
are advised to self-select a comfortable pedaling pace, intensity,
and duration. Participants are also advised that they can pedal
the desk elliptical in short bouts of afew minutes at atime or
in longer bouts. Although participants are asked to attempt to
pedal on all 5 workdays, they are informed that it is
understandableif they occasionally need to missaday or reduce
their pedaling.
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Figure 2. Screenshot of Cubii mobile app dashboard with real-time pedaling feedback.
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Participants receive a verbal description and handout outlining
their reward type and schedul e that istail ored to the study group
to which they and their partner have been randomly assigned.
Participants are informed in the consent document that while
all participants will receive incentives, the incentive type (ie,
vendor) and delivery schedule may vary depending upon which
group they are randomly assigned to. To prevent treatment
contamination, participants are not given procedural details
regarding the incentive type and schedule that other groups
receive.

Features Specific to Each of the I ntervention Groups

Figure 3 summarizes key details for each of the 6 intervention
groups. More specific procedural details are provided below.

Individual Contingent Immediate Reward (ICIR) and Joint
Contingent Immediate Reward (JCIR) participantsreceive daily
reminder emails to notify research staff when they reach the
2-mile pedaling goal by using the single-click Cubii app
notification feature to email staff an automatically generated
summary of their pedaling mileage. Each daily reminder
includesabrief tip (eg, “ Desk cycling can help people deal with
daily life hassles and stressors!”). Research staff typically send
each participant a reward email with an e-gift card (Figure 4)
within 2 hours after participants submit a notification that they
reached or exceeded the 2-mile daily pedaling goal.
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To redeem gift cards, Pedal4Food group participants are asked
to print each gift card and hand it to the Penn State-Hershey
food service cashier. Participants and cashiers are instructed
that the food gift cards may only be used to redeem the specific
beverage or food items displayed on each gift card. All food
gift cards are stapled to each participant’sfood receipt and held
for weekly pickup by research staff, who then manually record
each card’'s ID number and the items purchased. The
Pedal4Money group redeems gift cards by applying their
Amazon gift card codes at the Amazon website toward any
purchase; redemption is tracked via Amazon by research staff.

The value of compensation over the 4-week intervention period
for both the ICIR and JCIR groups ranges from US $0 (if zero
pedaling is done) to US $72 (if participants meet al pedaling
goals: 5 workdaysxUS $2=US $10, plus US $8 bonus=US
$18/weekx4  weeks=US $72). The maximum weekly
compensation rate of US $18 was based on systematic reviews
which suggested that this amount is representative of average
incentive sizes and is associated with increased physical activity
[38,39]. Assuming the ICIR and JCIR groups attain typical
physical activity adherence rates of approximately 65% to 70%
that were observed in prior trials with financial incentives
[41,52-54], we expect that most ICIR and JCIR participants
will earn approximately US $50—equivalent to the US $50
compensation amount provided to the Usual Delayed Reward
participants.
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Figure3. Randomized 2 (gift card type) by 3 (gift card schedule) factorial study design. a In the Pedal4Food—Individual or Joint Contingent Immediate
Reward groups, the $2 e-gift card covers abeverage (standard small coffee, tea, or bottled water), and the $8 e-gift card covers ameal (any combination
of asalad, wrap, sandwich, soup, or bottled water) redeemable at the Hershey Medical Center-operated cafeterias, Au Bon Pain and Starbucks); the
Usual Delayed Reward group receives $50 of combined beverage and food e-gift cards proportional in quantity to the other 2 groups; b: In the
Pedal 4M oney—Individual or Joint Contingent Immediate Reward groups, the $2 and $8 e-gift cards can be applied toward any purchase on Amazon;
the Usual Delayed Reward group receivesincentives combined as a$50 Amazon e-gift card; ¢: The symbol “X” indicatesthat an intervention procedure
was administered for the designated study group; d: Thisbonusis received if both partners meet pedaling goals on at |east 4 workdays, or if one partner
meets pedaling goals for 3 workdays and one meets goals for 5 workdays.

Gift Card Type
Pedal4Food: Pedal4Money:
Receives food e-gift cards? Receives Amazon e-gift cards®

v y ;

Gift Card Schedule

Intervention Usual Delayed | Individual Contingent | Joint Contingent
Procedures Reward Immediate Reward Immediate Reward
Share pedaling data with partner

via Cubii app. xXe X X

E-gift card ($50) given post-

intervention; not contingent on X

pedaling quantity.

Email prompt each workday to
pedal for e-gift card. X X
Daily $2 e-gift card available each
workday; receipt contingent on
individual success in reaching 2- X X
mile daily pedaling goal.
Bonus $8 e-gift card available
each work week; receipt
contingent on individual success in X
reaching 2-mile pedaling goal on
at least 4 of 5 workdays.

Bonus $8 e-gift card available
each work week; receipt
contingent on dyad'’s joint success

in reaching 2-mile pedaling goal X
for average of at least 4 of 5
workdays.d
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Figure 4. Sample e-gift card: Pedal4Food—Individual Contingent Immediate Reward condition.

You're a superstar! You did an

529

excellent pedaling job this week! 12

Please enjoy your complimentary free salad, wrap, sandwich,
soup, bottled water or any combination of these items

up to $8.00 in value.

This gift card can be used at any of
Hershey Medical Center’s food service locations.

Penn State Hershey Sitting and Health Study

*For 1 time use only*

v~ 3 PennState Health
3 Milton S. Hershey
Medical Center

M easures

The study’s measures are shown in Table 1. The objective
measures for pedaling volume are obtained from the Cubii
company’s server and provided by the Cubii company to our
research team via password-protected files. Aside from the
objective Cubii measures and the gift card redemption receipts
and records, all other measures are administered via secure
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Web-based REDCap surveys [51]. Employee participants are
compensated at the end of the study US $10 in cash for
completing the preprogram survey and US $15 in cash for
completing the postprogram survey. Employees’ supervisors
are not compensated for survey completion. Supervisors are
asked to not share their ratings of each employee's work
performance with employees.
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Table 1. Measures and measurement schedule.

Measures Schedule

MO M1° Mm2°

Employee ratings of work performance

1. TheWorld Health Organi zation Health and Work Performance Questionnaire: Employeesrate overall work performance  yd e X
in previous 4 weeks on a 10-point scale; lower employee-rated work performance associated with odds of lower performance

in supervisor eval uations and records and experience sampling across multiplejob types (oddsratios: 3.2-12.3, P values<.05)

[55].

2. Employees rate work quantity, work quality, and interaction quality in previous 4 weeks on a 5-point scale; evidence X — X
of face validity [56]; higher work quantity associated with higher physical fitness (P=.045), higher work quality associated
with higher moderate physical activity (P=.002), lower interaction quality associated with greater obesity (P=.02) [57].

3. Work performance by task type: Employees rate ability to perform common work tasks (eg, emails and phone calls) — — X
during elliptical usein previous 4 weeks, using a 5-point investigator-generated scale.

Supervisor ratings of employee work performance

1. The World Health Organization Health and Work Performance Questionnaire: Slightly adapted for supervisor ratings X — X
from above employee version [55].

2. Supervisorsrate employees’ work quantity, work quality, and interaction quality: slightly adapted from above employee X — X
version [56,57].

Elliptical pedaling volume
1. Objectively measured pedaling output from Cubii elliptical: total pedaling miles, strides, minutes, and caloriesexpended. — X —
2. Percentage achieving daily 2-mile pedaling goals. — X —
Gift card distribution, redemption, and costs
1. Number of gift cards distributed, by amount and type. — X —
2. Percentage of food gift cards redeemed, viafood service receipts. —
3. Percentage of Amazon gift cards redeemed, via Amazon website. — X
Total nonpedaling physical activity

1. Stanford Leisure-Time Activity Categorical Item: Participants select 1 of 6 categoriesto describetheir physical activity X — X
in the previous month; test-retest Spearman p=0.80 [58], associated with accel erometer-measured moderate-vigorous ac-
tivity min/week, Spearman p=0.40, P<.001 [59].

2. Global Physical Activity Questionnaire: Captures domain-specific physical activity intypical week; test-retest Spearman X — X
p=0.67-0.81 [60], associated with accel erometer-measured moderate-vigorous activity min/day (r=0.48; P<.005) [61].

Participant satisfaction
1. Investigator-generated program eval uation measures [62]. — —
2. Qualitative, open-ended user evaluation questions. — —
Built and social environment

1. Office Spatial Layout: Employees rate office environment features (eg, office layout and coworker proximity) ona5- X — —
point scale; test-retest intraclass correlation coefficient=0.70-0.87, associated with occupational sitting (P<.05) [63].

2. Employees rate reactions of coworkers, supervisor, family members, and friends to their elliptical use on a5-point in-  — — X
vestigator-generated scale.

Demographic and health characteristics
1. Employee demographics, self-rated health, height, and weight. X — X
2. Supervisor demographics. X — —

3\10=preintervention.

BM 1=4-week intervention phase.

®M2=postintervention.

The symbol “X” indicates that a measure was administered at this assessment point.
€A measure was not administered at this assessment point.
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Statistical Analysis

Wewill perform descriptive analysesfor all measured variables.
We will examine data normality and skewness, along with
missing data and address any identified issues using standard
procedures [27].

Effects of Desk Pedaling on Work Performance

For the study’s first goal, to test whether mean work
performance scores during the 4-week desk pedaling
intervention period are equivalent to performance during the
4-week preintervention period with standard office sitting, we
will apply the equivalence test of means based on 2 one-sided
t tests [64,65] with the significance level adjusted for multiple
comparisons viathe Bonferroni correction factor. We will also
use the confidence interval approach for testing equivalence
when regression models are considered [66].

We define equivalence based on 2 related standards: (1) the
International Organization of Standardization ergonomic
standard for computer keyboards indicates that average typing
speeds obtained using a new keyboard must not exceed 0.75
standard deviations of average speeds for standard keyboards
(in the direction of poorer performance) to be acceptable [67];
(2) inclinical research, achange of 0.50 standard deviationsin
health status sometimes is used as a basis for treatment
modifications [68,69]. Using the approximate midpoint of these
2 standards, we define equivalence, or feasibility, for the desk
elliptical asaverage work performance scoresthat do not exceed
0.60 standard deviations (in the direction of poorer performance)
of average work performance scores obtained during standard
office sitting.

We will also explore how work performance varies by tertiles
of elliptical pedaling quantity. To evaluate changes in overall
work performance, and work performance by task type, which
are repeatedly measured, we will plot mean scores over time
and conduct longitudinal analysis based on mixed effectsmodels
[70]. We will use random effects to account for measurement
correlation within the same subject and clustering effects. The
estimated time effect from mixed effects models will indicate
whether performance increased, decreased, or remained stable
over the preintervention and intervention periods.

For the qualitative assessment of participants’ capacity to pedal
and work simultaneously, NVivo software (QSR International)
will be used to organize data from the qualitative open-ended
questions. A codebook will be developed to classify major
themes, and datawill be coded by 2 independent coders. Coding
discrepancies will be discussed and resolved, and interrater
reliability will be calculated.

Effects of Incentive Condition on Desk Pedaling
Quantity

For the study’s second goal, to assess the effects of the 6
incentive conditions on pedaling quantity (miles and minutes)
completed over 4 weeks, we will model elliptical miles and
minutes per day as continuous outcomes using linear mixed
effects models with repeated observations of each outcome
variable (level 1) treated as nested within (n=60) individual
participants (level 2), while accounting for clustering effects
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within each dyad (level 3). We will add to our models effect
coded vectorsfor gift card type (food vs Amazon) and gift card
schedule (Usual Delayed Reward vs ICIR vs JCIR) to test for
main effects; along with gift card typexgift card schedule
interaction terms to test for simple effects across cells.

Covariates will be included in al analyses to adjust for
participants’ demographic and health characteristics (eg, age,
gender, race and ethnicity, education, body mass index, and
nonpedaling physical activity). Finaly, wewill usemultivariable
mixed effects models to explore the association of employees
demographic and health characteristics, social and built-office
environment factors, and supervisor characteristics with
employees work performance and pedaling quantity. All mixed
effects modelswill follow an intention-to-treat principle, using
all available data

Other secondary analyses will depend on the specific research
guestion and the most appropriate statistical or qualitative
methods for the design.

Power and Sample Size

We assume that an equivalence margin standardized by the
standard deviation is 0.60 for the primary outcome, based on
clinical and industrial engineering standards [67-69]. We also
assume an intracluster correlation of 0.05 and a significance
level of 0.05. Therefore, a sample size of 50 (25 dyads) gives
80% power to detect equivalence when ng the mean delta
change in tota work performance scores from the
preintervention period to the intervention period. Anticipating
10% to 20% attrition, we expect to recruit up to 60 participants.
The study was not powered to detect differences in pedaling
volume by the 6 incentive conditions because of resource
constraints and because a key exploratory goal was to assess
feasibility and preliminary effects of different incentive
strategies.

Results

Datacollection will be completed by December 2019. We expect
to complete main outcome analyses in 2020.

Discussion

Principal Considerations

Since 1960, increased computer automation in the workplace
has led average work-related energy expenditure to drop by
more than 100 calories per day [71]. This progressive decline
in working adults' daily energy expenditure has contributed to
rising obesity rates, with 40% of US adults currently obese
[71-73]. Adultsin small-to-medium size metropolitan statistical
areas, such as Central Pennsylvania, are at even greater risk for
obesity than adults in more urbanized regions [74], indicating
a need for wider environmental support to promote employee
health. Desk ellipticals, which are compact, relatively low-cost,
and scalable across diverse workplaces, may contribute to
creating healthier workplace environments—consistent with
the goals of the National Institutes of Health Total Worker
Health Initiative [ 75]. This study aimed to respond to the need
to create healthier workplaces to prevent or reduce overweight
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and obesity by conducting a randomized trial to assess the
feasibility of engaging employees in pedaling desk dllipticals
while simultaneously completing productive office work. The
knowledge gained from this study may help guide efforts to
create environments and policies that promote active office
work as a standard feature of occupational health practice.

Strengths and Limitations

Strengths of this study include its use of supervisor ratings of
employeework performance and obj ective measures of pedaing
quantity and gift card redemption. Limitations of this study
includeits short duration and use of asmall convenience sample
of employees at a single worksite. An intervention period of 4
weekswas sel ected given resource constraints and to maximize
the likelihood of supervisors agreeing to permit employees to
participate in this novel intervention. Future studies should use
a longer intervention duration to obtain more complete
information about the effects of desk pedaling on work
performance and the effects of different feedback and incentive
strategies on employees’ pedaling volume. Furthermore, our
goal was to obtain estimates of the most effective incentive
strategies before automation; however, future trials could
increase efficiency by automating incentive delivery.

Comparison With Prior Work

Previous research indicates that employees can pedal desk
pedaling devices without detrimental effects on objectively
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measured nonpedaling physical activity [30,76] and
employee-rated work performance [13,29,30], and that thereis
interest in using these devices among adults with multiple health
risk factors [77]. Our study adds to this early literature by
including measures important for guiding wider dissemination
of desk pedaling devices, including supervisor ratings of
employeework performance, the differential effects of different
incentive strategies on pedaling volume, social and built-office
environment influences on desk pedaling, and qualitative
assessment of user-encountered issues. Our study also alows
enrollment of participants with greater health risks than most
previous similar studies, which can inform the real-world
generalizability of desk pedaling.

Conclusions

Demonstrating that people can simultaneously pedal compact
devices and work productively, and that they are willing to
sustain this pedaling, will set the stage for future trials to (1)
track longer term effects of desk pedaling on health outcomes
and work performance in diverse populations and (2) evaluate
effects of automated real-time feedback and incentive systems
to sustain desk pedaling. Ultimately, these initiatives will grow
the evidence base needed to build workplacesthat support active
lifestyles as a normative occupational practice.
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Abstract

Background: EXxisting smoking cessation treatments are challenged by low engagement and high relapse rates, suggesting the
need for more innovative, accessible, and interactive treatment strategies. Twitter is a Web-based platform that allows people to
communicate with each other throughout the day using their phone.

Objective: Thisstudy aimsto leveragethe social mediaplatform of Twitter for fostering peer-to-peer support to decrease relapse
with quitting smoking. Furthermore, the study will compare the effects of coed versus women-only groups on women's success
with quitting smoking.

Methods. The study designisaWeb-based, three-arm randomized controlled trial with two treatment arms (acoed or women-only
Twitter support group) and a control arm. Participants are recruited online and are randomized to one of the conditions. All
participants will receive 8 weeks of combination nicotine replacement therapy (patches plus their choice of gum or lozenges),
serial emails with links to Smokefree.gov quit guides, and instructions to record their quit date online (and to quit smoking on
that date) on a date falling within a week of initiation of the study. Participants randomized to a treatment arm are placed in a
fully automated Twitter support group (coed or women-only), paired with a buddy (matched on age, gender, location, and
education), and encouraged to communicate with the group and buddy via daily tweeted discussion topics and daily automated
feedback texts (a positive tweet if they tweet and an encouraging tweet if they miss tweeting). Recruited online from across the
continental United States, the sample consists of 215 male and 745 femal e current cigarette smokers wanting to quit, aged between
21 and 59 years. Self-assessed follow-up surveys are completed online at 1, 3, and 6 months after the date they selected to quit
smoking, with salivary cotinine validation at 3 and 6 months. The primary outcomeis sustained biochemically confirmed abstinence
at the 6-month follow-up.

Results: From November 2016 to September 2018, 960 participants in 36 groups were recruited for the randomized controlled
trial, in addition to 20 participantsin aninitial pilot group. Data analysis will commence soon for the randomized controlled trial
based on data from 896 of the 960 participants (93.3%), with 56 participants |ost to follow-up and 8 dropoults.

Conclusions: This study combines the mobile platform of Twitter with a support group for quitting smoking. Findings will
inform the efficacy of virtual peer-to-peer support groups for quitting smoking and potentially elucidate gender differences in
quit rates found in prior research.

Trial Registration: Clinical Trials.gov NCT02823028; https://clinicaltrials.gov/ct2/show/NCT02823028

International Registered Report Identifier (IRRID): DERR1-10.2196/16417
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Introduction

Background

State tobacco quitlines have demonstrated efficacy but remain
underutilized, reaching an average of only 1% of smokers
annually [1]. Dozens of randomized controlled trials have
examined websites with advanced features such as QuitNet
[2,3], or one-way SMS text messaging or email messaging
servicessuch astxt2stop [4,5], but theseinterventions arelimited
by information exchanges that are largely unilateral,
noninteractive, and nonpeer-based. Notably, although theinitial
results of one-way messaging services for smoking cessation
looked promising [4,6-8], arecent review found that only 3 of
15 randomized trials showed significant benefits[9].

To increase utilization of quit-smoking programs, researchers
and practitioners are seeking to harness the power of social
media [10]. Very popular social media sites such as Facebook
and Twitter allow users to stay connected to individuals and
groupsin real time and to share content at virtually no cost [11].
Social media is entrenched in the United States with 73% of
online adults using socia mediasites, 42% using multiple sites,
and the magjority visiting them daily [12]. Twitter hasareported
326 million active users (100 million daily) posting 500 million
tweets daily, with 80% using the platform on their phone in
2018 [13]. There are aready over 140 reported medical and
health care uses of Twitter [14]. Relative to Facebook, Twitter
has a superior application programming interface, which makes
it easier to create programs for research and intervention
purposes [15]. In addition, Twitter does a much better job of
ensuring that group member communications stay within the
group only by readily allowing for private groups to be set up
that are completely and permanently isolated from friends,
family, and the public.

Objectives

Social medialookshighly promising for delivering tobacco and
other addiction treatment interventions as a result of its broad
reach and appeal, real-timeinteractivity, and free cost. However,
despite its apparent promise and observational evidence
indicating that existing socially mediated forums may increase
patient compliance [16], social media’s potential for delivering
health interventions and devel oping new treatment approaches
has not yet been fully realized. The earliest forms of social
media interventions tended to be large online health forums,
and these generally did not yield significant benefits [17-21],
although the people who were actively engaged did often benefit
[22]. Thus, the main problem with prior sociad media
interventions seems to be that engagement was too low [23].
Our Twitter-based intervention called Tweet2Quit tests and
improves asocially mediated intervention that already has been
shown to produce good engagement [24]. We believe that
engagement happens because of the devel opment of a sense of
online community through extensive interpersona and,
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especially, dyadic interactions [25,26]. In response to calls for
the application of systemsscienceto public health [27], wewill
apply network analysis to examine tie strength among buddies
(paired people in the group based on similarity in age, gender,
location, and education) [28] and to identify social brokers
(people who facilitate communication between otherwise
unconnected individuals) [29].

Our first primary aim is to test the 6-month efficacy of
Tweet2Quit with biochemical verification of abstinence. We
hypothesize that relative to control coed (male and female)
groups (n=240), Tweet2Quit coed groups (n=480) will achieve
significantly greater bioconfirmed sustained abstinence at
6-monthsfollow-up. Our second primary aimisto test whether
women do better in Tweet2Quit women-only versus coed
groups. We hypothesize that women will achieve significantly
greater bioconfirmed 6-month abstinence in Tweet2Quit
woman-only groups (n=240) versus Tweet2Quit coed groups
(n=240 women), as people tend to form stronger socid
connectionswith otherswho sharetheir defining characteristics
such as gender [30]. Secondary aims will test the same
hypotheses but based on 3-month (end of treatment) sustained
and bioconfirmed abstinence, and we will aso test 7-day point
prevalence abstinence at 1, 3, and 6 months.

Exploratory aims will study the Tweet2Quit groups social
network structures with a focus on the buddy pairs and the
identification of social brokers (group members who facilitate
interaction between otherwise unconnected individuals), using
both baseline theoretically based measures and observed
tweeting behaviors. We predict that active buddiesin the group
will enhance tie strength, among both buddy-partner ties and
partner-group ties, which will increase smoking abstinence. We
also predict that better social brokerswill enhance tie strength,
asthey will encourage more peopleto engagein theintervention
(tweet their group), which will increase smoking abstinence.

Methods

Study Setting
The study setting isvirtual—hosted online viathe study website

and Twitter—but the study is conducted by the University of
Cdlifornia, Irvine (UCI).

Trial Design

The study runs parallel groups, with treatment and control
groups starting and stopping at the same time. Treatment group
(n=20) and control group (n=10) allocation began once 30
participants passed screening, using a 2:1 ratio (see the
Randomization section below).

Inclusion Criteria

Participants are considered eligibleif they are aged between 21
and 59 years (21 years being the strictest minimum age to
receive nicotine replacement therapy [NRT] products in the
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United States); speak English, so they are able to communicate
with their group; are current smokers (have smoked at least 100
cigarettesin their lifetime and are smoking at |east five cigarettes
aday) to meet therequirement for NRT products; haveamabile
phone with an unlimited texting plan (unlimited data not
required) and internet to receive intervention messages; have
an active email account to receive quit-smoking guides; livein
the continental United States, so that al participants are in a
similar time zone to facilitate communication; can send/receive
SMS text messages at least once a week; and have an active
social media account to show they are familiar with and can
communicate on this platform.

Exclusion Criteria

Due to use of NRT in this study, participants are ineligible if
they have contraindications for NRT including irregular
heartbeat, high blood pressure not controlled with medication,
recent heart attack, pregnant or breast feeding, skin allergiesto
adhesive tape, or serious skin problems [31]. Consistent with
other quit-smoking trials, those who do not want to set a quit
date or are not intending to quit in the next 30 days are excluded
[31]. As this socia media intervention uses a peer-to-peer
support model, without aformal group moderator, and because
thisisaninitial demonstration trial, individualstaking medicine
for depression, using anillicit drug, or regularly using marijuana
are excluded [32]. For study retention, personal contact
information is required asis email verification. Those who fail
to provide these contact details, or who provide nonworking
phone numbers or emails, are excluded [33]. As we want to
conduct saliva tests using webcams, that is, cameras on mobile
phones, participants must show us they have this. To prevent
problems with misrepresentation, those who fail the screening
survey in the past are, henceforth, excluded. To prevent
problems with contamination, we exclude those who aready
take medication for quitting smoking, who have participated in
the 2011-2014 Tweet2Quit study [34], or who live with someone
or have an immediate relative who has aready participated or
will participate in the current Tweet2Quit study.

Electronic Cigarettes/\VVaping

Electronic cigarettes (e-cigarettes)/vaping are discouraged during
the course of the program but are not forbidden, and participants
are not disgualified if these products are used. During the
follow-up surveys, participants are asked about the use of
e-cigarettes/vaping to include in the analyses.

Treatment (Twitter) Arms. Coed and Women-Only

The treatment participants are put into a private Twitter group
of 20 participants as well as paired with another participant in
the group for abuddy system. These participants are encouraged
to tweet (message) each other daily for support by logging into
a Twitter account that we provide to them free of charge, and
they receive a daily discussion topic as a tweet to help start
conversations. The discussion topics encourage participants to
get to know each other, express their quitting goals, and share
tips on how to stay smoke free. Participants are encouraged to
send at |east one tweet aday, and their participation is monitored
automatically by the program.
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In addition, treatment participants receive daily automated texts
providing feedback on their prior-day tweeting behavior, which
praises tweeters and encourages nontweeters to engage. If the
number of tweets over consecutive days falls below the
minimum expected (varies per week; decreases as the group
goes on), an additional text is sent to get participants onto
Twitter to respond to anew discussion topic. These extratweets
and texts are to encourage treatment participantsto interact with
other group members about quitting.

Coed treatment groups consist of 20 participantswith amixture
of men and women. However, there are even numbers of men
and women in each coed treatment group, so that buddies can
be of the same gender. Women-only treatment groups have 20
participants consisting of only women. All treatment
interventions (eg, discussion topics) for the coed and
women-only groups are the same. All treatment participants
receive 8 weeks of nicotine patches (1 per day) and their choice
of gum or lozenges (12 per day while on the patch), and
Smokefree.gov quit guides are emailed about every 5 days.

Control Arm

Control participants receive 8 weeks of nicotine patches (1 per
day); their choice of nicotine gum or lozenges (12 per day while
on the patch); and Smokefree.gov quit guides, which are emailed
about every 5 days. Treatment and control groups run parallel
to each other, ie, start at the sametime.

Withdrawal

Participants can drop from the study, by request, at any time.
If a participant stops sending tweets to their group, the team
still follows up at the scheduled times unless otherwise
requested, and the participantsare still eligiblefor the gift cards
for completing follow-up assessments.

M ode of Delivery/Communication

The NRT products are provided via mail, but al other
components of the intervention are provided over the internet
or email. Each participant receives log-in information, as well
asall resource guides, automatically viaemail. Daily reminders
are sent via SMS text messages. If the participant needs to
interact with the study team, they can send an email (a contact
formisavailable on the study website) or call the staff directly.
The support group is virtualy located on Twitter, and
participants only haveto log into their accountsto interact with
their support group. Guides that clearly show participants how
to log in and use Twitter are provided and also posted on the
study website.

Outcomes

Primary Outcome

Participants report their use of tobacco products at 1, 3, and 6
months after the quit date (the date they selected to quit
smoking) by answering the following questions: “How many
cigarettes have you smoked,” “How many other tobacco
products have you used,” and “How many times have you used
e-cigarettes since the quit date.” If participants self-report no
tobacco use and no use of NRT, thisis confirmed biochemically
using a salivary cotinine test at 3 and 6 months after the quit
date. Participants will complete the salivary test while we
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observe on awebcam (cameraon their mobile phone), they take
a picture of the test results, and they text us the picture. If
webcam observation is unfeasible, participants will complete
the salivary test on their own and text us a picture of the results.
We will apply the Russell Standard for sustained abstinence,
allowing five or fewer instances of tobacco use over 6 months.
We will use online self-reported surveys to collect the tobacco
use data.

In our primary (most rigorous) analysis, we will consider a
cotinine-positive test, regardless of source, to be nonabstinent.
In additional analyses, we will code as abstinent those who
assert tobacco abstinence but continue use of US Food and Drug

Table 1. Study flow.
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Administration—approved NRT. In other analyses, we will
consider use of electronic nicotine delivery systems (ENDS;
such as e-cigarettes or vaping), with ENDS users coded first as
nonabstinent and then for comparison as abstinent. Secondary
analyseswill examine 3-month (end of treatment) sustained and
bioconfirmed abstinence and 7-day point prevalence abstinence
at 1, 3, and 6 months.

Time Schedule of Enrollment and Participation

Table 1 shows the study flow for each cohort. Enrollment and
allocation to condition occurred first, followed by the 3-month
intervention, with assessments occurring at 1 month, 3 months,
and 6 months.

Study activity Study period and timepoint
Enrollment  Allocation  Post allocation Close-out
Month O Month 0 Monthl Month2 Month3 Month4 Month5 Month 6
Enrollment
Eligibility screen
Informed consent O
Verification of email, phone, and webcam
Randomization ad
Treatments
Twitter mobile support group O O d
Nicotine replacement therapy
Emailslinked to Smokefree.gov O O d
Assessments
Follow-up surveys O d g
Salivatests O O
Recr uitment treatment or control condition by statistician KD using

All recruitment is done online through advertisements. Primarily,
Facebook ads are purchased to recruit participants. Ads are
designed to target people on Facebook who indicate interest in
smoking or quitting smoking, with additional ZIP codetargeting
of black/African American participants and Hispanic/Latino
participants living in high-smoking areas and some limited
targeting of Spanish-English bilingual speakers to increase
participant diversity. People see a study ad on Facebook, and
if they click on the ad, they are brought to the study website,
where they can fill out a brief form indicating interest. In
addition, some free Google Ads (provided through the Google
Grants program to assist nonprofits) appear for the study when
quit-smoking keywords are entered into the Google search
engine. Finally, an ad listed on Smokefree.gov directstraffic to
the study website.

Randomization

Randomizati on occurs once the targeted number of participants
for acohort isreached based on the online eligibility screenand
the verification of email, phone, and webcam (cameraon mobile
phone) for saliva testing. Participants are randomized to the
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deidentifiable ID numbers. Theallocation isfully random, with
each person having an equa chance of ending up in the
treatment or control condition. Whether the cohort treatment is
coed or women only is also randomly determined by KD. After
the treatment commences, the condition assignment is not
blinded to participants and the research team; however, during
data collection, the staff members that contact participants (if
participants do not complete follow-up surveys on their own)
are not told the study condition of participants to ensure equal
effort in gathering data. The process of starting a new
treatment/control cohort isrepeated every few weeksto amonth
until 960 participants are attained (36 treatment/control cohorts
beyond the 20-person pilot).

Consent

As the study is conducted via internet across the continental
United States, rather than in person, awaiver of signed consent
has been obtained. At the beginning of screening, potential
participants receive an information sheet that contains study
information, and they must consent (by clicking yes or no) to
continue with screening.
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Institutional Review Board

The study is under the oversight of the UCI’'s and the Stanford
University’sinstitutional review boards (IRBs). Any requested
changes to the protocol are submitted through these IRBs.

Study History

During 2011 to 2014, weran aninitial evaluation of Tweet2Quit
that tested this mobile support group platform for quitting
smoking, and we observed a self-reported abstinence rate of
40% at 60 days compared with 20% in the control group [34].
This study extendsfollow-up to 6 monthsto document sustained
abstinence, uses bio-confirmation to validate self-report, and
incorporates awomen-only Tweet2Quit treatment arm. We al so
introduce demographically matched buddy pairs for extra
support within the group, tweet streaksto encourage daily dyadic
interactions (daily text messages to participants, showing the
number of daysin arow they tweeted other participants without
missing), and low tweet messaging that supplies extra topics
when the number of group tweets is low. We added these
features to the Tweet2Quit intervention because we observed
that tweeting about relevant topics, such as using nicotine
patches and countering roadblocks to quitting, increased the
participants’ chance of achieving abstinence [24].

Revisions

This study is based on the most recent protocol version,
September 2018. During the course of the study, there were no
major study revisions, but we increased the monetary incentives

for completing the outcome assessments to improve response
rates.

Data Collection, Management, and Analysis

Self-assessment follow-up surveys are automatically emailed
to participants by the software program Qualtrics (Provo, Utah)
at 1, 3, and 6 months after a participant’s quit date (the date
they set to quit smoking). These surveys are compliant with the
Checklist for Reporting Results of Internet E-Surveys.
Participants’ responses to the online survey questions are kept
on the Qualtrics server until they are downloaded by the study
team for analysis. When participants do not complete a survey
themselves, the research team reaches out to them via phone to
complete the survey with them, and the research team enters
the data for them into the online Qualtrics survey. The survey
guestions assess the effectiveness of the intervention at
promoting abstinence based on participants self-reports, and
they aso track participants' self-reported use of NRT and ENDS
products. All participants receive these surveys, along with a
monetary gift card for completion, regardless of condition and
even if the participant does not actively participate in (tweet)
their treatment group.

Statistical Analyses

Dropout rates are examined by condition. Every effort is made
to limit the amount of missing data from survey attrition by
doing persistent follow-up with participants and contacting their
preidentified collaterals (family members and friends) to urge
survey completion. Before analysis, we will examine baseline
predictors of attrition. If it appears that attrition is related to
measured aspects of the participants, we will include those
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measures as covariates in the models. Sensitivity analyses will
check that the methods of dealing with missing data do not have
a major impact on the results. We will repeat the attrition
analyses under two different models, one in which the missing
data are assumed to be positive for smoking and one using only
the respondents who did not have missing data. We expect to
find that although estimates may change some, the conclusions
generated by the modeling should not change.

For primary hypothesis testing of sustained abstinence at 6
months, we will use the 6-month postquit date survey (based
on the quit date selected by the participant at the beginning of
the study) and biochemica salivary cotinine verification. To
test the primary aim 1 hypothesis, analyses will compare
sustained abstinence for participants randomized to coed
Tweet2Quit treatment versus control. Sustained abstinencewill
be modeled as a function of study arm (coed Tweet2Quit or
control), gender, cohort, and individual using a logistic model
and generalized estimating equations (Proc Genmod in SAS;
SAS Institute Inc, Cary, North Carolina) to account for the
clustering of individuals within cohort. Our statistical methods
will use all the data in parameter estimation. We will test the
coefficient of the study arm or treatment condition parameter
by gender, if thereisatreatment condition by gender interaction.

The same type of generalized logistic model, but focusing on
women, will be used to test the primary aim 2 hypothesis, on
whether women will achieve greater 6-month sustained,
bioconfirmed abstinence if randomized to awomen-only versus
coed Tweet2Quit treatment group. Secondary hypotheses
concerning sustained abstinence at 3 months (ie, at treatment
end) and point prevalence (prior 7 days) abstinence at 1, 3, and
6 months will be tested using the same modeling approaches.

Exploratory aimswill be met by testing our mediational models
of predictors of abstinence. Regression models of each
individual path will be tested. Subsequently, using a structural
equation modeling approach, we will test whether the
relationships between buddy pairs and abstinence, and social
brokers and abstinence, can be accounted for by tie strength or
other network characteristics, with direct paths modeled aswell.

Smokefree.gov Collabor ation

Whenever treatment or control participants receive our email
with alink to a Smokefree.gov quit guide and click on thelink,
their behavior on the Smokefree.gov website, including the
number of page views and time spent, is automatically logged.
Smokefree.gov provides us with these data on usage of their
quit-smoking guides so that we can determine if guide usage
improves abstinence and if the Tweet2Quit treatment affects
guide usage.

Data and Safety Monitoring Board

As the interventions are fairly standard and low-risk, a data
safety monitoring board is not used.

Confidentiality

All collected data are kept on secure online databases that are
password protected with access limited to the study team.
Subject-identifiable data will be retained until publication, at
which point it will be destroyed. At the end of each group,
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Twitter profile pictures (pictures of participants faces that we
useto createtheir study accountson Twitter) will be destroyed.
Pictures of saliva test results, which do not show
subject-identifiable data, will be kept indefinitely as proof of
abstinence.

Privacy

Privacy is a concern with any study that is conducted online,
especialy in asupport group that encourages participantsto be
open with each other. Although socia media is a public
platform, there are Twitter settings that quickly ensure groups
are permanently and completely private. All these privacy
features are turned on to prevent participants from being easily
searched on Twitter or have their tweets seen by their family,
friends, or other people outside the treatment group. Their tweets
are even hidden from other treatment groups in the study.
Participants are further taught how to interact on the Twitter
platform to keep themselves and others safe and the group
private.

Accessto Data

UCI will be working with personnel from both the University
of California, San Francisco (UCSF), and Stanford University
in the analysis portion of this study, sharing both the survey
data and the bioconfirmed abstinence data. UCI personnel will
remove al identifiable data from the files before sharing with
the other sites. JP has secured IRB approval from Stanford
University and will be working in collaboration with UCI. No
subject enrollment or data collection has been conducted at
Stanford. Data will be shared between Stanford and UCI
primarily in a deidentifiable fashion, but some datasets may
include minimal identifiable data (eg, Twitter usernames). JP
receives subject-identifiable data from UCI in the event of a
serious adverse event but does not receive identifiable data at
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any other time. In sum, both deidentifiable dataand identifiable
datawill be seen by JP while working from Stanford.

KD will conduct his portion of the study from UCSF; however,
he will not have access to identifiable data. KD assists in
randomizing participants to groups, but he only uses
deidentifiable subject IDs for randomization and data analysis.
KD has no interaction with human subjects. Both JP and KD
will assist in analysis of deidentifiable data.

Dissemination of Data

The study team plans to present the findings at academic
conferences and publish them in peer-reviewed academic
journals. In addition, theteam plansto discussthefindingswith
government officials such as those dffiliated with
Smokefree.gov. Only research team members will be authors
of any papers written, and participant identifiers will be
removed.

Results

Resultsfor Recruitment and Retention

IRB approval of the study began in March 2016, with National
Institutes of Health funding running from March 2016 to March
2021. Recruitment has taken place from November 2016 to
September 2018, and 980 participants have been enrolled.
However, 20 of these participants were part of a pilot group to
pretest the intervention and will not be used in the main
analyses. As part of the randomized controlled trial (n=960),
480 participants have been allocated to the coed treatment
condition, 240 participants have been allocated to the
women-only treatment condition, and 240 participants have
been alocated to the control condition. Table 2 provides the
demographics of these participants.

Table 2. Demographics of participantsin the randomized controlled trial by condition.

Intervention Coed treatment (n=480) Women-only treatment (n=240) Control (n=240)
Mean age, years (SD) 39.0 (9.52) 39.8 (9.45) 40.4 (9.69)
Gender, n (%)
Male 142 (29.58) 0(0) 73(30.42)
Female 338 (70.42) 240 (100) 167 (69.58)
Ethnicity, n (%)
White 376 (78.33) 204 (85.0) 197 (82.08)
African American/black 55 (11.46) 22(9.17) 21(8.75)
Hispanic/Latino 21(4.38) 6 (2.50) 10 (4.17)
Other 28 (5.83) 8(3.33) 12 (5.0)

Only 8 (<1%) participantswithdrew from the study, that is, they
requested removal from all intervention emails and texts (eg,
the Smokefree.gov quit guides) and all assessments, and if ina
treatment condition, they dropped out of their Twitter support
group. At 6-month follow-up (the primary outcome measure),
we have collected 896 surveys or 93.3% (896/960), with 56 of
the participants or 5.8% (56/960) lost to follow-up and 8 or <1%
(8/960) who discontinued the intervention (see Multimedia
Appendix 1 for the breakdown at each follow-up). The primary
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analysis will compare the focal conditions to assess the
percentages of participantswith biometrically verified sustained
abstinence. For this primary analysis, we have collected data
from 437 of the 480 participants (91.0%) in the coed treatment
condition, 226 of the 240 participants (94.2%) in the
women-only treatment condition, and 233 of the 240 participants
(97.1%) in the control condition.

No serious adverse events have occurred. There have been no
security breaches, but there was a technical error that caused
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the feedback texts and tweet streaks to be inaccurate for a few
days in one group. Participants were told about the technical
error and continued to interact normally.

Power Analysis

Sampl e sizeswere selected to have sufficient power to test both
primary hypotheses. For testing theaim 1 hypothesis, alogistic
regression to assess power, based on sustained abstinence
estimates of 20.0% for Tweet2Quit-coed (n=480) versus 8.0%
for usual care-coed (n=240), estimated 98% power at P=.05
and 97% power with 13% (94/720) expected survey attrition.
For testing the aim 2 hypothesis, alogistic regression to assess
power, based on sustained abstinence estimates of 26.0% for
Tweet2Quit-women-only (n=240) versus 14.0% for women in
Tweet2Quit-coed (n=240), estimated 88% power at P=.05 and
83% power with 13% (62/480) expected survey attrition.

Regarding the structural equations models we will use to test
for process effects, the standard fit statistics will be evaluated.
We will not rely on the Chi-square statistic as it is sensitive to
sample size. If wefind poor fit in this exploratory analysis, we
will examine the individual parts of the model to determine
what aspects indicate poor measurement or relationships and
revise the model accordingly.

Discussion

Principal Findings

This study builds on the encouraging effects found with the
Tweet2Quit quit-smoking platform, which was developed and
tested from 2011 to 2014. Current extensionsinclude an anaysis
of 6-month sustai ned bioconfirmed abstinence and acomparison
of women-only and coed treatment groups. Existing
quit-smoking programs utilize Twitter groupsor daily texts, but
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our program combines these ideas and creates private
Web-based groupsthat connect people acrossthe United States
to receive peer support and daily messages for quitting smoking.
We will test if after 6 months the participants attain sustained
abstinence. Participants in the coed control condition and the
coed Tweet2Quit condition will be compared. In addition,
women participants in the coed Tweet2Quit condition and the
women-only Tweet2Quit condition will be compared.

Strengthsand Limitations

As only those who regularly use social media can participate
in our Tweet2Quit program, a concern could be raised about
reaching the relevant US population. However, this concern is
mitigated by the fact that 73% of US adults who are online use
social media, so we feel that we can reach the majority of the
online population [12].

In our study, thereis also the concern that, because participants
know which condition they are in, if placed into the control
rather than atreatment condition, they may withdraw from the
study or its assessments. However, less than 1% of participants
withdrew from the study. In addition, we have ateam follow-up
with all the participants who do not complete a survey on their
own to gather the data. As a result, we have attained similar
response rates across the study conditions and 90% or higher
response rates overall.

Conclusions

If the Tweet2Quit treatment is found to be efficacious, it will
provide an easily accessible program for anyone nationwide to
help them quit smoking and stay smoke free. Furthermore, the
intervention can be easily replicated in other health contexts
because the Twitter platform can be used free of chargein nearly
the entire world.

This research was funded by the National Cancer Institute Grant #R01CA 204356-04. The sponsor was not involved in any of

the research or analyses.

Authors Contributions

CAP and JP designed the Tweet2Quit interventions and assessments. CAP oversees the project staff that handles participant
recruitment and survey assessments. JP provides ongoing advice on this and also assists UCI in the event that a Tweet2Quit
participant isin need of mental health assistance. KD, astatistician, assisted with the study design and power analyses, randomizes
the participantsto condition, and will conduct the main statistical analyses. DC, a project coordinator, isresponsible for managing
the team that collects survey data. CP recruits participants by deploying Facebook advertisements.

Conflictsof Interest

Unrelated to this project, JP has provided consultation to pharmaceutical and technology companies that make medi cations and
other treatments for quitting smoking. JP and CAP have served as expert witnesses in lawsuits against tobacco companies.

Multimedia Appendix 1
CONSORT diagram for the randomized controlled trial.
[DOCX File, 62 KB - resprot v9i1e16417_appl.docx ]

Multimedia Appendix 2
Peer-reviewer report from the NIH.
[PDE File (Adobe PDF File), 163 KB - resprot_v9i1e16417 app2.pdf |

https://www.researchprotocols.org/2020/1/e16417 JMIR Res Protoc 2020 | vol. 9| iss. 1 |e16417 | p.124

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v9i1e16417_app1.docx&filename=c74d54c2ad0d93db30fcf84d798bf505.docx
https://jmir.org/api/download?alt_name=resprot_v9i1e16417_app1.docx&filename=c74d54c2ad0d93db30fcf84d798bf505.docx
https://jmir.org/api/download?alt_name=resprot_v9i1e16417_app2.pdf&filename=c99d95487a13aee25e2bc598cd6c60f6.pdf
https://jmir.org/api/download?alt_name=resprot_v9i1e16417_app2.pdf&filename=c99d95487a13aee25e2bc598cd6c60f6.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Pechmann et &

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Anderson C. CPI Global Summit 2018. 2016. Quitline Services. Current Practice and Evidence Base URL : https://cdn.
ymaws.com/www.naguitline.org/resource/resmgr/issue papers/Quitline Services issue pape.pdf [accessed 2019-08-05]
Shahab L, McEwen A. Online support for smoking cessation: a systematic review of the literature. Addiction 2009
Nov;104(11):1792-1804. [doi: 10.1111/].1360-0443.2009.02710.x] [Medline: 19832783]

Mufioz RF, Aguilera A, Schueller SM, Leykin Y, Pérez-Stable E. From online randomized controlled trials to participant
preference studies: morphing the San Francisco Stop Smoking site into a worldwide smoking cessation resource. JMed
Internet Res 2012 Jun 27;14(3):e64 [FREE Full text] [doi: 10.2196/jmir.1852] [Medline: 22739225]

Free C, Knight R, Robertson S, Whittaker R, Edwards P, Zhou W, et al. Smoking cessation support delivered via mobile
phone text messaging (txt2stop): a single-blind, randomised trial. Lancet 2011 Jul 2;378(9785):49-55 [FREE Full text]
[doi: 10.1016/S0140-6736(11)60701-0] [Medline: 21722952]

Free C, Whittaker R, Knight R, Abramsky T, Rodgers A, Roberts|G. Txt2stop: apilot randomised controlled trial of mobile
phone-based smoking cessation support. Tob Control 2009 Apr;18(2):88-91. [doi: 10.1136/tc.2008.026146] [Medline:
19318534]

Whittaker R, McRobbie H, Bullen C, Borland R, Rodgers A, Gu Y. Mobile phone-based interventions for smoking cessation.
Cochrane Database Syst Rev 2012 Nov 14;11:CD006611. [doi: 10.1002/14651858.CD006611.pub3] [Medline: 23152238]
Brendryen H, Kraft P. Happy ending: arandomized controlled trial of adigital multi-media smoking cessation intervention.
Addiction 2008 Mar;103(3):478-84; discussion 485. [doi: 10.1111/].1360-0443.2007.02119.x] [Medline: 18269367]
Rodgers A, Corbett T, Bramley D, Riddell T, WillsM, Lin RB, et a. Do u smoke after txt? Results of arandomised trial
of smoking cessation using mobile phone text messaging. Tob Control 2005 Aug;14(4):255-261 [FREE Full text] [doi:
10.1136/tc.2005.011577] [Medline: 16046689]

Kong G, Ells DM, Camenga DR, Krishnan-Sarin S. Text messaging-based smoking cessation intervention: a narrative
review. Addict Behav 2014 May;39(5):907-917 [FREE Full text] [doi: 10.1016/j.addbeh.2013.11.024] [Medline: 24462528]
Lavinghouze S, Maarcher A, Jama A, Neff L, Debrot K, Whalen L. Trendsin quit attempts among adult cigarette smokers
- United States, 2001-2013. MMWR Morb Mortal Wkly Rep 2015 Oct 16;64(40):1129-1135 [FREE Full text] [doi:
10.15585/mmwr.mm6440al] [Medline: 26468619]

Joinson A. Looking at, Looking Up or Keeping Up With People?: Motives and Use of Facebook. In: Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. 2008 Presented at: CHI'08; April 5-10, 2008; Florence,
Italy p. 1027-1036.

Duggan M, Smith A. Pew Research Center. 2013 Dec 30. Social Media Update 2013: 42% of online adults use multiple
socia networking sites, but Facebook remains the platform of choice URL: https://www.pewresearch.org/internet/2013/
12/30/social-media-update-2013/ [accessed 2019-11-05]

Omnicore Agency. 2019 Sep 5. Twitter by the Numbers: Stats, Demographics & Fun Facts URL : https.//www.
omnicoreagency.com/twitter-statistics/ [accessed 2019-11-05]

Baumann P. Phil Baumann. 2009 Jan 16. 140 Health Care Uses for Twitter URL : https://philbaumann.com/2009/01/16/
140-health-care-uses-for-twitter/ [accessed 2019-11-05]

JavaA, Song X, Finn T, Tseng B. Why We Twitter: Understanding Microblogging Usage and Communities. In: Proceedings
of the 9th WebKDD and 1st SNA-KDD 2007 workshop on Web mining and social network analysis. 2007 Presented at:
WebKDD/SNA-KDD'07; August 12, 2007; San Jose, CA URL.: https://ebiquity.umbc.edu/ file directory /papers/369.pdf
Cobb NK, Mays D, Graham AL. Sentiment analysis to determine the impact of online messages on smokers' choicesto
use varenicline. JNatl Cancer Inst Monogr 2013 Dec;2013(47):224-230. [doi: 10.1093/jncimonographs/Igt020] [Medline:
24395996]

Eysenbach G, Powell J, Englesakis M, Rizo C, Stern A. Health related virtual communities and electronic support groups:
systematic review of the effects of online peer to peer interactions. Br Med J 2004 May 15;328(7449):1166 [FREE Full
text] [doi: 10.1136/bmj.328.7449.1166] [Medline: 15142921]

Hutton HE, Wilson LM, Apelberg BJ, Tang EA, OdelolaO, BassEB, et a. A systematic review of randomized controlled
trials: web-based interventions for smoking cessation among adol escents, college students, and adults. Nicotine Tob Res
2011 Apr;13(4):227-238. [doi: 10.1093/ntr/ntq252] [Medline: 21350042]

Japuntich S, Zehner M, Smith S, Jorenby D, Valdez J, Fiore M, et al. Smoking cessation viathe internet: a randomized
clinical trial of an internet intervention as adjuvant treatment in a smoking cessation intervention. Nicotine Tob Res 2006
Dec;8(Suppl 1):S59-S67. [doi: 10.1080/14622200601047900] [Medline: 17491172]

Pike KJ, Rabius V, McAlister A, Geiger A. American Cancer Society's QuitLink: randomized trial of internet assistance.
Nicotine Tob Res 2007 Mar;9(3):415-420. [doi: 10.1080/14622200701188877] [Medline: 17365773]

Schneider SJ, Walter R, O'Donnell R. Computerized communication asamedium for behavioral smoking cessation treatment:
controlled evaluation. Comput Hum Behav 1990;6(2):141-151. [doi: 10.1016/0747-5632(90)90002-X]

Stoddard JL, Augustson EM, Moser RP. Effect of adding avirtual community (bulletin board) to smokefree.gov: randomized
controlled trial. JMed Internet Res 2008 Dec 19;10(5):e53 [FREE Full text] [doi: 10.2196/jmir.1124] [Medline: 19097974]

https://www.researchprotocols.org/2020/1/e16417 JMIR Res Protoc 2020 | vol. 9| iss. 1 |e16417 | p.125

(page number not for citation purposes)


https://cdn.ymaws.com/www.naquitline.org/resource/resmgr/issue_papers/Quitline_Services_issue_pape.pdf
https://cdn.ymaws.com/www.naquitline.org/resource/resmgr/issue_papers/Quitline_Services_issue_pape.pdf
http://dx.doi.org/10.1111/j.1360-0443.2009.02710.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19832783&dopt=Abstract
https://www.jmir.org/2012/3/e64/
http://dx.doi.org/10.2196/jmir.1852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22739225&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(11)60701-0
http://dx.doi.org/10.1016/S0140-6736(11)60701-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21722952&dopt=Abstract
http://dx.doi.org/10.1136/tc.2008.026146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19318534&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD006611.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23152238&dopt=Abstract
http://dx.doi.org/10.1111/j.1360-0443.2007.02119.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18269367&dopt=Abstract
http://tobaccocontrol.bmj.com/cgi/pmidlookup?view=long&pmid=16046689
http://dx.doi.org/10.1136/tc.2005.011577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16046689&dopt=Abstract
http://europepmc.org/abstract/MED/24462528
http://dx.doi.org/10.1016/j.addbeh.2013.11.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24462528&dopt=Abstract
https://dx.doi.org/10.15585/mmwr.mm6440a1
http://dx.doi.org/10.15585/mmwr.mm6440a1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26468619&dopt=Abstract
https://www.pewresearch.org/internet/2013/12/30/social-media-update-2013/
https://www.pewresearch.org/internet/2013/12/30/social-media-update-2013/
https://www.omnicoreagency.com/twitter-statistics/
https://www.omnicoreagency.com/twitter-statistics/
https://philbaumann.com/2009/01/16/140-health-care-uses-for-twitter/
https://philbaumann.com/2009/01/16/140-health-care-uses-for-twitter/
https://ebiquity.umbc.edu/_file_directory_/papers/369.pdf
http://dx.doi.org/10.1093/jncimonographs/lgt020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24395996&dopt=Abstract
http://europepmc.org/abstract/MED/15142921
http://europepmc.org/abstract/MED/15142921
http://dx.doi.org/10.1136/bmj.328.7449.1166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15142921&dopt=Abstract
http://dx.doi.org/10.1093/ntr/ntq252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21350042&dopt=Abstract
http://dx.doi.org/10.1080/14622200601047900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17491172&dopt=Abstract
http://dx.doi.org/10.1080/14622200701188877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17365773&dopt=Abstract
http://dx.doi.org/10.1016/0747-5632(90)90002-x
https://www.jmir.org/2008/5/e53/
http://dx.doi.org/10.2196/jmir.1124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19097974&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Pechmann et &

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

An LC, Schillo BA, Saul JE, Wendling AH, Klatt CM, Berg CJ, et al. Utilization of smoking cessation informational,
interactive, and online community resources as predictors of abstinence: cohort study. JMed Internet Res 2008 Dec
20;10(5):€55 [FREE Full text] [doi: 10.2196/jmir.1018] [Medline: 19103587]

Pechmann C, Pan L, Delucchi K, Lakon C, ProchaskaJ. Development of a Twitter-based intervention for smoking cessation
that encourages high-quality social mediainteractions viaautomessages. JMed Internet Res 2015 Feb 23;17(2):e50 [FREE
Full text] [doi: 10.2196/jmir.3772] [Medline: 25707037]

Gruzd A, Haythornthwaite C. Enabling community through social media. JMed Internet Res 2013 Oct 31;15(10):€248
[FREE Full text] [doi: 10.2196/jmir.2796] [Medline: 24176835]

Gruzd A, Wellman B, Takhteyev Y. Imagining Twitter as an imagined community. Am Behav Sci 2011;55(10):1294-1318.
[doi: 10.1177/0002764211409378]

Luke DA, Stamatakis KA. Systems science methods in public health: dynamics, networks, and agents. Annu Rev Public
Health 2012 Apr;33:357-376 [FREE Full text] [doi: 10.1146/annurev-publhealth-031210-101222] [Medline: 22224885]
May S, West R. Do social support interventions ('buddy systems) aid smoking cessation? A review. Tob Control 2000
Dec;9(4):415-422 [FREE Full text] [doi: 10.1136/tc.9.4.415] [Medline: 11106712]

Luke DA, Harris K, Shelton S, Allen P, Carothers BJ, Mueller NB. Systems analysis of collaboration in 5 national tobacco
control networks. Am J Public Health 2010 Jul;100(7):1290-1297. [doi: 10.2105/ajph.2009.184358]

McPherson M, Smith-Lovin L, Cook J. Birds of afeather: homophily in social networks. Annu Rev Soc 2001;27(1):415-444.
[doi: 10.1146/annurev.soc.27.1.415]

Lindson N, Chepkin SC, Ye W, Fanshawe TR, Bullen C, Hartmann-Boyce J. Different doses, durations and modes of
delivery of nicotine replacement therapy for smoking cessation. Cochrane Database Syst Rev 2019 Apr 18;4:CD013308.
[doi: 10.1002/14651858.CD013308] [Medline: 30997928]

Le Strat Y, Rehm J, Le Foll B. How generalisable to community samples are clinical trial results for treatment of nicotine
dependence: a comparison of common eligibility criteria with respondents of alarge representative general population
survey. Tob Control 2011 Sep;20(5):338-343. [doi: 10.1136/tc.2010.038703] [Medline: 21212379]

Ramo DE, Thrul J, Delucchi KL, Hall S, Ling PM, Belohlavek A, et al. A randomized controlled evaluation of the tobacco
status project, a Facebook intervention for young adults. Addiction 2018 May 24. [doi: 10.1111/add.14245] [Medline:
29797621]

Pechmann C, Delucchi K, Lakon C, Prochaska J. Randomised controlled trial evaluation of Tweet2Quit: a social network
quit-smoking intervention. Tob Control 2017 Mar;26(2):188-194 [ FREE Full text] [doi: 10.1136/tobaccocontrol-2015-052768]
[Medline: 26928205]

Abbreviations

e-cigarette: electronic cigarette

ENDS: electronic nicotine delivery systems
IRB: institutional review board

NRT: nicotine replacement therapy

UCI: University of California, Irvine

UCSF: University of California, San Francisco

Edited by G Eysenbach; submitted 26.09.19; peer-reviewed by JP Allem, K McCausland; commentsto author 16.10.19; revised version
received 26.10.19; accepted 26.10.19; published 14.01.20.

Please cite as.

Pechmann CA, Calder D, Phillips C, Delucchi K, Prochaska JJ

The Use of Web-Based Support Groups Versus Usual Quit-Smoking Care for Men and Women Aged 21-59 Years: Protocol for a
Randomized Controlled Trial

JMIR Res Protoc 2020;9(1):€16417

URL.: https://www.researchprotocols.org/2020/1/e16417

doi:10.2196/16417

PMID: 31934869

©Cornelia Ann Pechmann, Douglas Calder, Connor Phillips, Kevin Delucchi, Judith J Prochaska. Originally published in IMIR
Research Protocols (http://www.researchprotocol s.org), 14.01.2020. Thisis an open-access article distributed under the terms of
the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR Research Protocols, is properly

https://www.researchprotocols.org/2020/1/e16417 JMIR Res Protoc 2020 | vol. 9| iss. 1 |e16417 | p.126

RenderX

(page number not for citation purposes)


https://www.jmir.org/2008/5/e55/
http://dx.doi.org/10.2196/jmir.1018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19103587&dopt=Abstract
https://www.jmir.org/2015/2/e50/
https://www.jmir.org/2015/2/e50/
http://dx.doi.org/10.2196/jmir.3772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25707037&dopt=Abstract
https://www.jmir.org/2013/10/e248/
http://dx.doi.org/10.2196/jmir.2796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24176835&dopt=Abstract
http://dx.doi.org/10.1177/0002764211409378
http://europepmc.org/abstract/MED/22224885
http://dx.doi.org/10.1146/annurev-publhealth-031210-101222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22224885&dopt=Abstract
http://tobaccocontrol.bmj.com/cgi/pmidlookup?view=long&pmid=11106712
http://dx.doi.org/10.1136/tc.9.4.415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11106712&dopt=Abstract
http://dx.doi.org/10.2105/ajph.2009.184358
http://dx.doi.org/10.1146/annurev.soc.27.1.415
http://dx.doi.org/10.1002/14651858.CD013308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30997928&dopt=Abstract
http://dx.doi.org/10.1136/tc.2010.038703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21212379&dopt=Abstract
http://dx.doi.org/10.1111/add.14245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29797621&dopt=Abstract
http://tobaccocontrol.bmj.com/cgi/pmidlookup?view=long&pmid=26928205
http://dx.doi.org/10.1136/tobaccocontrol-2015-052768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26928205&dopt=Abstract
https://www.researchprotocols.org/2020/1/e16417
http://dx.doi.org/10.2196/16417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31934869&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Pechmann et &

cited. The complete bibliographic information, alink to the original publication on http://www.researchprotocols.org, as well as
this copyright and license information must be included.

https://www.researchprotocols.org/2020/1/e16417 JMIR Res Protoc 2020 | vol. 9 | iss. 1 |e16417 | p.127
(page number not for citation purposes)

RenderX


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

JMIR RESEARCH PROTOCOLS Setoet a

Protocol

A Mobile Phone—Based Telemonitoring Program for Heart Failure
Patients After an Incidence of Acute Decompensation (Medly-AlD):
Protocol for a Randomized Controlled Trial

Emily Seto™?, PhD, PEng; Heather Ross**°, MHSc, MD, FRCPC; AlanaTibbles?, M Sc; Steven Wong?®, M Sc; Patrick
Ware?, MPH, PhD; Edward Etchells"®, MD, FRCPC, MSc; Jeremy Kobulnik**'°, MD; Tamanna Chibber™, MD;
Stephanie Poon*’, MD, MSc, FRCPC

Lingtitute of Health Policy, Management and Evaluation, University of Toronto, Toronto, ON, Canada
2Centre for Global eHedlth Innovation, Techna Institute, University Health Network, Toronto, ON, Canada
3Ted Rogers Centre for Heart Research, University Health Network, Toronto, ON, Canada
4Department of Medicine, University of Toronto, Toronto, ON, Canada

SPeter Munk Cardiac Centre, University Health Network, Toronto, ON, Canada

6Faculty of Medicine, University of British Columbia, Vancouver, BC, Canada

7Department of Medicine, Sunnybrook Health Sciences Centre, Toronto, ON, Canada

8Centre for Quality Improvement and Patient Safety, University of Toronto, Toronto, ON, Canada
9Department of Cardiology, University Health Network, Toronto, ON, Canada

10Department of Cardiology, Mount Sinai Hospital, Toronto, ON, Canada

Uraculty of Medicine, University of Calgary, Calgary, AB, Canada

Corresponding Author:

Emily Seto, PhD, PEng

Institute of Health Policy, Management and Evaluation
University of Toronto

155 College Street

Toronto, ON, M5T 3M6

Canada

Phone: 1 4166699295

Email: emily.seto@utoronto.ca

Abstract

Background: Patients with heart failure (HF) are at the highest risk for hospital readmissions during the first few weeks after
discharge when patients are transitioning from hospital to home. Telemonitoring (TM) for HF management has been found to
reduce mortality risk and hospital readmissions if implemented appropriately; however, the impact of TM targeted for patients
recently discharged from hospital, for whom TM might have the biggest benefit, is still unknown. Medly, a mobile phone—based
TM system that is currently being used as a standard of care for HF at alarge Canadian hospital, may be an effective tool for the
management of HF in patients recently discharged from hospital.

Objective: The objective of the Medly-After an Incidence of acute Decompensation (Medly-AID) trial isto determine the effect
of Medly on the self-care and quality of life of patients with HF who have been recently discharged from hospital after an
HF-related decompensation.

Methods: A multisite multimethod randomized controlled trial (RCT) will be conducted at 2 academic hospitals and at least
one community hospital to evaluate the impact of Medly-enabled HF management on the outcomes of patients with HF who had
been hospitalized for HF-related decompensation and discharged during the 2 weeks before recruitment. The trial will include
144 participants with HF (74 in each control and intervention groups). Control patients will receive standard of care, whereas
patients in the intervention group will receive standard of care and Medly. Specifically, patients in the intervention group will
record daily weight, blood pressure, and heart rate and answer symptom-related questions viathe Medly app. Medly will generate
automated patient self-care messages such as to adjust diuretic medications, based on the rules-based algorithm personalized to
the individual patient, and send real-time alerts to their health care providers as necessary. All patients will be followed for 3
months. Primary outcome measures are self-care and quality of life as measured through the validated questionnaires Self-Care

https://www.researchprotocols.org/2020/1/€15753 JMIR Res Protoc 2020 | vol. 9| iss. 1 |e15753 | p.128
(page number not for citation purposes)


mailto:emily.seto@utoronto.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Setoet a

of Heart Failure Index, EQ-5D-5L, and the Kansas City Cardiomyopathy Questionnaire-12. Secondary outcome measures for
this study include cost of health care services used and health outcomes.

Results: Patient recruitment began in November 2018 at the Sunnybrook Health Sciences Centre, with atotal of 35 participants
recruited by July 30, 2019 (17 in the intervention group and 18 in the control group). The final analysisis expected to occur in
thefall of 2020.

Conclusions: This RCT will be the first to assess the effectiveness of the Medly TM system for use following discharge from

hospital after a HF-related decompensation.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(1):€15753) doi:10.2196/15753

Clinical Trials.gov NCT03358303; https://clinicaltrials.gov/ct2/show/NCT03358303
DERR1-10.2196/15753

KEYWORDS

heart failure; telemedicine; mobile phone; patient monitoring; randomized controlled trial

Introduction

Background

Over 670,000 Canadians live with a diagnosis of heart failure
(HF) [1,2] and the prevalenceisincreasing [3]. HF isassociated
with a high mortality rate of 30% at 1 year [4] and high health
care costslargely attributed to repeated hospital admissions|[3].
The highest risk for rehospitalization is during the first few
weeks after discharge when patients are transitioning from
hospital to home [5]. Among al patient groups, patients with
HF have the highest readmission rate within 30 days, at
approximately 20% [5,6]. The 2019 Report on the Health of
Canadians by the Heart and Stroke Foundation found that HF
costs Can $2.8 hillion per year and is the third most common
reason for hospitalization (after respiratory disease and heart
attack, which are both associated with HF) [1].

Up to 40% of readmissions have been found to be preventable
[7] and related to suboptimal transitional care because of the
lack of coordination and continuity of care as patients transfer
between health care settings and providers [8]. To address the
issue of frequent readmissions, quality improvement initiatives
have included increasing education during vulnerabletransition
periods, such as just before discharge; rapid 7-day clinical
reassessment; and improved discharge summaries [9-12].
Telemonitoring (TM) has also emerged as a potentia approach
to improve HF management during the transition from hospital
to home, by enabling providers to closely monitor relevant
physiological parameters and symptomsin real time.

Recent systematic reviews have found that TM for HF
management reduces mortality risk and hospital readmissions,
and more frequent transmission of patient data increases its
effectiveness[13,14]. A large-scale randomized controlled trial
(RCT) by Koehler et a [15] found reductions in all-cause
mortality and length of hospital admissions. However, 3
previous large-scale trials have failed to show the benefits of
TM [16-18]. Thisinconsistency in the findings of HF TM can
be attributed to the heterogeneity of thetrialswith variationsin
the characteristics of the interventions, patients, providers,
organizations, and structural characteristics (eg, policies and
incentives). A review by Ware et a hypothesized that
inconsistencies among the results of different TM studies may
also be largely because of thelack of tailoring the TM program

https://www.researchprotocols.org/2020/1/€15753

to the population and context for successful implementation
[19].

Medly is a highly automated and user-centered mobile
phone-based TM system developed at the University Health
Network, Toronto, Canada. Medly has been evaluated through
an RCT with outpatients with HF at the Ted Rogers and Family
Centre of Excellence in Heart Function, University Health
Network, a tertiary academic hospita. The RCT found
improvements in quality of life and self-care management, a
reduction in brain natriuretic peptide (BNP) levels, and an
increase in left ventricular gection fraction over a 6-month
period [20,21].

Objectives

The main objective of the Medly-After an Incidence of acute
Decompensation (Medly-AlD) trial is to determine the effect
of Medly on the self-care and quality of life (primary outcome
measures) of patients with HF who have been recently
discharged from hospita after a HF-related acute
decompensation. Acute decompensation is when there is a
sudden worsening of signs and symptoms of HF, which often
leads to a visit to the emergency department (ED) or
hospitalization. Secondary outcome measures include the cost
of hedlth care services used and health outcomes. A main
difference between the Medly-AlD tria and the previous Medly
RCT is that the Medly-AlID tria will be restricted to patients
who have been discharged from hospital during the 2 weeks
before recruitment, thustargeting the patients at the highest risk
for rehospitalization.

Methods

Study Overview

Medly-AID is a multisite multimethod RCT with 144 patients
with HF. Patients are enrolled in the study for 3 months. The
Medly TM system will beimplemented at 2 academic hospitals,
namely, Sunnybrook Health Sciences Centre and Mount Sinai
Hospital, both in Toronto, Canada. A third site, a community
hospital, will also be included in the trial. This study has
received approval from the research ethics boards at the
Sunnybrook Health Sciences Centre (research ethics board
number 143-2017) and the University Health Network (research
ethics board number 17-5887), where the patient data will be

JMIR Res Protoc 2020 | vol. 9 | iss. 1 |e15753 | p.129
(page number not for citation purposes)


http://dx.doi.org/10.2196/15753
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

stored, and the submission to Mount Sinai Hospital isin review.
The trial has also been registered at ClinicaTrials.gov
(NCT03358303) since November 30, 2017.

Sample Size Calculation

A sample size calculation was based on the Self-Care of Heart
Failure Index (SCHFI), using a population standard deviation
of 20 and an effect size of 10 as determined in previous studies
(alpha=.05; power=0.8) [22]. The required sample size was
calculated to be 63 per group. To compensate for patients who
will be lost to follow-up during the course of the study, 72
patients will be recruited for the intervention group and 72
patients for the control group.

Medly Telemonitoring System

The mobile phone-based TM system, Medly, enables patients
with HF to monitor their weight (A&D Medical Bluetooth
weighing scales), blood pressure, and heart rate (A& D Medical
Bluetooth blood pressure monitors) using wirelesshome medical
devices. Medly was developed using a user-centered design
approach that included iterative rounds of usability testing. See
Figure 1 for screenshots of the Medly app. Patientsareinstructed
to measure their weight and blood pressure (systolic and
diastolic values) with the provided medical devices and to
answer simple questions regarding their symptoms first thing
each morning after the patient relieves themselves in the

Figure 1. Sample screenshots of the Medly app.

Seto et d

washroom and before eating or drinking. Heart rate values are
also recorded simultaneously as they are taking their blood
pressure values. Automated reminder phone calls are sent to
the patient’s own phoneif they do not take their measurements
by 10 am, but patients can opt out of this feature. If the patient
is exhibiting HF-related symptoms such asincreased shortness
of breath or chest pain during the rest of the day, they are
instructed to measure their blood pressure and to record their
symptoms through the Medly app. The measurements are
automatically and wirelessly transmitted via Bluetooth to the
mobile phone with the Medly app and then relayed to a secure
data server. On the basis of their readings and reported
symptoms, automated and individualized self-care messages,
such as to adjust diuretic medication and restrict fluid and
sodium consumption, are sent to the patients [20]. If there are
signs of clinical deterioration, an alert is sent to the clinician
responsible for the care of the patient. Clinicians can access all
relevant patient information through a secure Web portal, which
allows them to access trends and historical data for each
individual. These data enable clinicians to identify health
deteriorations early and to address any issues remotely (eg,
providing further self-care guidance or atering the patient’'s
care plan in such a way that stabilizes the patient and ideally
avoids a rehospitalization). The patient information on the
mobile phone provided to patients can be remotely deleted if
the phone is reported stolen or lost.
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Study Protaocol

Patient Recruitment and Randomization

Patients are recruited within approximately 2 weeks post
discharge, often during their regularly scheduled clinician visits
for postdischarge care at the participating sites. After clinicians
determine if the patient is eligible (inclusion and exclusion
criteria can be found in Textboxes 1 and 2, respectively), the
patient is asked if they are willing to speak to the study
coordinator about enrollment. Informed written consent is
obtai ned from patients by the research coordinator. Each patient
is randomized to either the TM intervention or standard care
control group. Block randomization is used with random block

Textbox 1. Patient inclusion criteria.

Seto et d

sizes of 2, 4 or 6 for each site A Web-based
computer-generated randomization tool, Sealed Envelope
(Sealed Envelope Ltd.) [23], is used to determine the
randomization order. Sequentially numbered envel opes are used
to determine if the patient isin the intervention or control arm.
The envelopes are prepared by aresearcher outside of the study
team. The study coordinator and patient are blinded to which
group the patient is assigned until the patient has consented to
participate in the study. Each participant in the control and
intervention group receives a Can $25 Shoppers Drug Mart gift
card to compensate them for their time in participating in the
study.

o Adults (18 years or older)
«  Hospitalization duration for decompensated heart failure >24 hours

«  Patient speaksand reads English adequately to provide informed consent and understand the text promptsin the app (or has an informal caregiver

who can translate the prompts for them)

« Ability to comply with using Medly (eg, able to stand on the weight scale and able to answer symptom questions)

Textbox 2. Patient exclusion criteria.

«  Dementiaor uncontrolled psychiatric illness
«  Patientswho will require inpatient rehabilitation after discharge
«  Participating in another clinical trial that may confound the results

» Residents of long-term care facilities

. Terminal diagnosis of any health condition with alife expectancy of <1 year

« Unableto provide informed consent

« Unableto speak or read English

I ntervention Versus Control Groups

Patients in the intervention group will receive standard of care
and also Medly, whereas the patients in the control group will
receive standard of care. Standard of care will comprise the
usua follow-up and routine management performed by each
participating institution for patients with HF. Patients in the
intervention group will receivethe Medly kit to take home after
being trained on how to use Medly. The Medly kit includes a
mobile phone, with the Medly app, provided to the patient as
well as aBluetooth-enabled weighing scale and blood pressure
monitor. Each patient will be followed for 3 months post
discharge.

Study Outcome Measures

The primary outcome measures will be self-care as measured
through the SCHFI [22] and quality of life as measured through
the Kansas City Cardiomyopathy Questionnaire-12 [24] and
the EQ-5D-5L [25]. Additional measures will include

https://www.researchprotocols.org/2020/1/€15753

compliancewith Medly utilization determined through the data
onthe Medly-AID serversregarding the frequency that patients
took measurements; shortness of breath as measured using a
visual analog scale for dyspnea in the patient questionnaires;
and clinical status as measured by the New York Heart
Association class, left ventricular ejection fraction, and
BNP/N-terminal proBNP (NT-proBNP) levels (obtained via
the electronic medical records). Health service utilization will
be assessed by 30-day HF readmission rates, HF length of stay,
and number of visitsto the ED. The cost of theintervention will
be determined by tracking the equipment costs and staff
resourcesfor clinical, technical, and administrative support and
will be compared with the cost of health services. Creatinine,
sodium, and potassium levels will also be assessed through
routine blood tests from the patients, usually conducted at the
participating institution’s laboratories. These values will be
obtained through the patients’ electronic medical records. The
schedule for data acquisition is depicted in Table 1.
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Table 1. Schedule for data acquisition indicated by checkmarks at the specified time point.

Data Collected Baseline

2 weeks 1 month 3 months

Questionnaires
Demographics O
EQ-5D-5L
Self-Care of Heart Failure Index

Kansas City Cardiomyopathy Questionnaire-12

O o o o

Visual analog scale for dyspnea

Perceptions of Medly program (intervention group only)
Health service utilization

Number of hospitalizationsin the previous 3 months O

Number of daysin the hospital in the previous 3 months

Number of emergency department visitsin the previous3 [0
months

Number of clinic visitsin the previous 3 months O

Number of readmissions to hospital since recruitment
Blood test outcomes

N-terminal proBNPb/BNPIevels 0

Creatinine

Sodium O

Potassium O

|
OO o oo

3Not applicable.
PBNP: brain natriuretic peptide.

Data Collection

Prestudy and poststudy questionnaires will comprise the
aforementioned validated survey tools, whereas the poststudy
questionnaire for the patientsin the intervention group will have
additional questions related to their perceptions of Medly.
Prestudy and poststudy questionnaires will be administered to
both control and intervention groups, which may be completed
in the clinic or at home. Participants choosing to complete the
questionnaires at home will be provided with prestamped
envelopes addressed to the research team. The prestudy
questionnaire will be provided to the participants at the time of
enrollment, whereas the poststudy questionnairewill be provided
after a follow-up appointment with the participant’s clinician
at the time of study completion (3 months after enrollment).
Data on the 30-day HF readmission rates;, HF length of stay;
number of visits to the ED; and clinical measures, including
creatinine, sodium, potassium, left ventricular ejection fraction,
and BNP/NT-proBNP levels, will be determined through the
hospital’s el ectronic medical records and manual chart reviews.

Semistructured | nterviews

Using purposive sampling, semistructured interviewsat the end
of the study will also be conducted with a subset of patientsin
the intervention group to receive feedback from patients with
different experiences using Medly-AlD. Participants for the
interviewswill be sel ected based on varying adherenceto taking
measurements, number of readmissionsto hospital, difficulties

https://www.researchprotocols.org/2020/1/€15753

in using Medly, etc. Interviews will be conducted until data
saturationisreached (ie, interviewer determinesno new relevant
information is being collected), which is typically 15 to 20
participants. The interviews are expected to last for 20 min to
30 min and will be conducted in aquiet and private space within
the clinic (eg, consultation room) during a regular clinic visit
or over the telephone. All interviews will be audiotaped and
transcribed for later analysis. Clinicians providing care for
patients using Medly-AID will also undergo a semistructured
interview post study to determine their perceptions of the use
and impact of Medly-AlID. It is anticipated that the clinician
interviews will last for 15 min to 45 min.

Data Analysis

For each outcome measure, normality of the datawill be verified
using the Kolmogorov-Smirnov and Shapiro-Wilk tests of
normality. Between-group analyses using independent Student
t tests and Mann-Whitney tests (for normally and nonnormally
distributed data, respectively) will be performed. Paired Student
t tests and Wilcoxon signed rank tests will also be performed
to compare baseline and poststudy datafor both theintervention
and control groups as appropriate. The statistical analyses will
be performed using the statistical software SPSS 17.0 (IBM
Corporation). Statistical significance will be considered at
P<.05, unless otherwise specified. All reported test results will
be 2-tailed.
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The transcribed interview data will be analyzed using
conventional content analysis, whereby 2 researchers will
analyze the transcripts for themes independently [26]. The 2
researcherswill then discussthe themes and issuesthat emerge
until aconsensusis reached. Triangulation, which isvalidation
of the findings through the collection of data from different
sources or methods, will be used for this study. Specifically,
theinterview findingswill be used to try to confirm and explain
the results of the quantitative data, including health services
utilization and Medly usage.

Results

Patient recruitment began in November 2018 in the Sunnybrook
Health Sciences Centre. The study is currently ongoing, with a
total of 35 participants (17 in the intervention group and 18 in
the control group) as of July 30, 2019. The anticipated date for
final analysis of the dataisfall of 2020.

Discussion

Strengths and Limitations of the Study

This RCT ams to investigate the impact of a mobile
phone-based HF TM system on patients with HF recently
discharged from hospital for decompensated HF. Previous
studies on HF TM have yielded contradictory findings, with
some showing benefitsto patient outcomes, including reductions
in hospitalizations, whereas other trials have found no benefits
[16-18]. Factorsinfluencing the benefitsinclude the features of
the TM system, patient population, study design, and the
implementation plan [27,28]. A study by Ware et a [29]
summarizesthe available evidenceon HF TM effectivenessand
discusses the complexity in accounting for these factors. This
was followed by a literature review and white paper from the
Heart Failure Society of America, which concluded that HF
remote monitoring was most beneficial for patients at most risk
for decompensation and hospitalization, suggesting that null
findings from previous studies might be attributed to including
patient participants with HF who were already stable [30]. In
this trial, we are employing a TM system, Medly, that is
currently being used as astandard of carein an outpatient heart
function clinic at a large academic hospital, with proven
beneficial featuresin amixed population of stable and unstable
patients [20,21]. Therefore, this study is intended to test the
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impact of the same system with a target population that is
hypothesized to benefit the most (ie, patients who have been
discharged from hospital and are at the highest risk for
readmissions).

In terms of the study design, a multimethod approach will be
used, which will enable triangulation of data from
guestionnaires, patient datafrom home monitoring, Medly usage
data, patient medical records, costing information, and
interviews. Thiswill allow for a comprehensive understanding
of the impact of Medly on the end users, clinical workflows,
cost savings, and perceptions of TM by clinicians and patients.
For example, the interview data may help to understand the
features of Medly that are useful and those that are not useful,
as well as to understand how patients with HF recently
discharged from hospital might differ in their perceptions and
adherenceto TM compared with other patientswith HF. Finally,
the extensive expertise from careful TM  program
implementation planning will be leveraged for the planning of
this RCT [19,27,31].

A limitation of this study includes the relatively small patient
sample size. It is expected that this trial will be underpowered
to detect the impact of Medly on hospital readmission rates.
Benefits of Medly on the primary outcomes would provide
evidence to support a future larger clinical trial to determine
the effectiveness of Medly on hospital readmission rates. The
intent of the study is to deploy Medly within representative
academic and community hospitals within Ontario. However,
the number of deployment sites will be relatively small (3 to 4
sites), which is another limitation as it may impact the
generalizability of the findings.

Significance of the Research

The rising incidence of HF [32,33] highlights the importance
of devel oping and validating novel technol ogies or management
strategies. This tria will be one of the few studies that will
provide evidence of the impact of HF TM specifically for
patients recently discharged from hospital. The tria will
investigate the impact through various lenses, including patient
self-care and quality of life, clinician experience and impact to
their workflow, costs to the health care system, and patient
health outcomes. It isanticipated that this study will helpinform
how to optimize the future scale and spread of TM to support
patients and clinicians in the management of HF.

Funding for this RCT was provided by the Ted Rogers Centre for Heart Research, Peter Munk Cardiac Centre Site, and the
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