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Abstract

Background: Millions of young adults currently vape electronic cigarettes (e-cigarettes), yet little research on vaping cessation
interventions exists. Text messaging is a promising, scalable intervention strategy for delivering vaping cessation treatment.

Objective: Thisstudy evaluatesthe effectiveness of atext message quit vaping program (Thisis Quitting) in promoting abstinence
from e-cigarettes among young adults; examines changesin self-efficacy, perceived social norms, and social support for quitting
as hypothesized mediators of effectiveness; and examines if treatment effectiveness is moderated by gender, race, ethnicity, or
sexual minority status.

Methods: Overall, 2600 young adult (aged 18-24 years) e-cigarette users in the United States will be recruited via web
advertisements to participate in the study. Participants will be randomized to This is Quitting or an assessment-only control
condition. The primary outcome measure is 30-day vaping abstinence at 7 months post enrollment.

Results:  Study recruitment began on December 18, 2019, and is projected to be completed by spring 2020. The fina 7-month
follow-up is anticipated to be completed by fall/winter 2020. Because this is the first-ever evaluation of a quit vaping program,
we were unable to draw on existing literature to determine the appropriate sample size. Therefore, we examined abstinence rates
among an initial pilot sample of 269 participants (This is Quitting: n=148 and control: n=121) who completed the 1-month
follow-up to determine the final sample size. The 1-month response rate was 79.2% (213/269), with no difference between arms.
Using intention-to-treat analyses that counted nonresponders as still vaping, 30-day abstinence rates were 16.2% (24/148) among
those randomized to Thisis Quitting and 8.3% (10/121) among those randomized to control. A treatment difference of 16% vs
8% is detectable with 80% power at 2-sided a pha=.05 with 260/group (520 total). To detect treatment differences of this magnitude
in a20% subsample (eg, Hispanic or sexual minority young adult e-cigarette users), we will enroll 1300/group (2600 total).

Conclusions: The scientific, clinical, and public health communities are desperate for cessation resources to address vaping
among young people. This study is the first-ever comparative effectiveness trial of an intervention to help young people quit
vaping. It focuses on evaluating the effectiveness of a theory-grounded, empirically informed text message intervention among
young adults. The study is fully powered to examine potentially important subgroup differences among young people who are
more vulnerable to e-cigarette use. Although potentially more challenging from a research ethics and pragmatic standpoint,
evaluating quit vaping intervention approaches in teensis an important areafor future research. Datafrom thistrial will establish
a benchmark of effectiveness for other vaping cessation programs and begin to create a body of evidence focused on how best
to help young people break free from e-cigarettes.
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Introduction

Background

After decades of declining smoking rates, young people are
returning to tobacco by vaping electronic cigarettes
(e-cigarettes). E-cigarettes are currently the most heavily used
tobacco product by youth and young adults [1]. According to
the 2019 National Youth Tobacco Survey, 27.5% of high school
students and 10.5% of middle school students reported using
an e-cigarette within the past 30 days[2]. Datafrom the Centers
for Disease Control and Prevention’s National Health Interview
Survey showed an increase in e-cigarette use among young
adults aged 18 to 24 years, from 5.2% in 2014 to 7.6% in 2018
[3]. Young adults are more likely to use e-cigarettes compared
with adults older than 25 years. Recent data also suggest that
members of some demographic groups, including men and
young adults who identify as Hispanic or as a sexua minority,
have a higher prevalence of e-cigarette use than others[4].

E-cigarette use among young adults is associated with future
initiation of combustible tobacco use [5,6] and with increased
odds of alcohol and marijuanause [7]. However, even if young
e-cigarette usersdo not progressto other products or substances,
early exposure to nicotine puts them at risk for a lifetime of
addiction as well as largely unknown health risks of long-term
e-cigarette use. The majority of e-cigarettes contain nicotine,
and the concentrations available in popular products have
increased over the past decade [8]. Nicotine has known health
effects on brain development occurring into the mid-20s [9].
Specific risks include nicotine addiction, mood disorders,
permanent lowering of impulse control, and negative impacts
on attention and learning [10]. In addition, the aerosol produced
by e-cigarettes contains cancer-causing chemicals and tiny
particles that reach deep into the lungs [11].

Many young people want to quit vaping. Across social media
platforms, posts, videos, tweets, and comments are ubiquitous
from young people about the negative impact that vaping is
having on their health and well-being and their desire to quit.
Key themesinclude feeling addicted and unableto control their
use of e-cigarettes; deleterious impacts on relationships with
family, friends, and significant others; declining academic and
athletic performance; concerns about job and career trajectories,
and negative health experiences[12].

Unfortunately, the rapid increase of e-cigarette use among young
people has left researchers, clinicians, and public health
professionals without evidence to turn to about how to
effectively support vaping cessation among young people,
particularly at the scale necessary. A search for peer-reviewed
Mmanuscripts on e-cigarette cessation yields two case reports
[13,14], both of which highlight the need for guidelines and

https://www.researchprotocol s.org/2020/5/€18327

research. The 2020 Surgeon General’s Report on Smoking
Cessation [15] called for research to develop and understand
safe and effective e-cigarette cessation interventions. Although
vaping differs from smoking in many important ways, in the
absence of scientific literature on vaping cessation, decades of
research on best practices for smoking cessation likely provide
auseful starting point for intervention design. Smoking cessation
treatment delivered via text message has been shown to be
effective among young adults [16-18], impacting key
psychosocial processes that impact abstinence [19]. Mobile
phone ownership is at 99% among young adults [20], and text
messaging is an easy-to-use, discreet, anonymous, and preferred
communication modality in this age group [21,22], making it
a promising modality to reach and engage young people in
vaping cessation treatment.

Objectives

To our knowledge, this protocol describes the first-ever
randomized controlled trial to evaluate the effectiveness of a
vaping cessation intervention among young adults. The
intervention is delivered entirely via text messages and is
scalable at anational level. The primary aim of this study isto
evaluate the effectiveness of atext message quit vaping program
in promoting abstinence from e-cigarettes among young adults
aged 18-24 years compared with an assessment-only control
condition. Secondary aims are to examine changes in
self-efficacy, perceived social norms, and social support for
quitting as hypothesized mediators of program effectiveness
and to examine if treatment effectiveness is moderated by
gender, race/ethnicity, or sexual minority status. The primary
hypothesis is that participants in the active intervention arm
will be more likely to be abstinent at the 7-month
postrandomization primary end point than participants in an
assessment-only control arm.

Methods

Study Setting

The study is restricted to individuals in the United States.
Recruitment, enrollment, and follow-up assessments are
conducted via the web, and treatment is delivered via text
messages. The study is conducted by Truth Initiative, and the
study protocol was approved by the Advarra Institutional
Review Board ([IRB] PRO00040067).

Trial Design

This study is a 2-arm randomized controlled trial conducted
among 2600 young adult e-cigarette users recruited through
web advertisementsfor astudy on vaping cessation. Participants
will be randomized to the active text message intervention arm
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(n=1300) or to an assessment-only control arm (n=1300) in a
1:1 ratio following the methods described below.

Inclusion Criteria

Individualswill be eligibleif they are aged 18 to 24 years, own
a mobile phone and have an active text message plan, are
currently using e-cigarettes (defined as past 30-day use), are
interested in quitting vaping in the next 30 days, and areaUS
resident.

Exclusion Criteria

Individuals are excluded if they fail to provide contact
information during the baseline assessment process (to ensure
study retention), if they do not provide informed consent, or if
they do not fully enroll in their assigned text message program
by responding to theinitial system-generated message.

Recruitment and Enrollment

Web advertisements on various platforms (eg, Facebook and
Twitter) will describe the study opportunity and lead to the
study website, which provides details about study participation,
including incentives for participation. Interested individuals
will completeeligibility screening followed by informed consent
and a baseline assessment. Those who complete the baseline
will be randomized into 1 of the 2 arms and instructed to text
a specific keyword to the phone number corresponding to their
treatment assignment. Only those who respond to an initial
opt-in confirmation message from the text message program
within 24 hours will be fully enrolled into the study. This
requirement will be made explicit.

Informed Consent

Following eligibility screening, potential participants must
provide informed consent to continue with the enrollment
process. The web-based informed consent form provides details
about the requirements for study participation, incentive
structure, randomization process, plans for protecting human
subjects data, and contact information for study staff and
Advarra IRB. Agreeing to the informed consent will
immediately launch the baseline assessment.

Randomization

Randomization will occur at the completion of the baseline
survey. A computer algorithm embedded in the survey software
will automate random allocationina 1.1 sequence. Investigators
will be blind to treatment assignment.

I nterventions

Treatment attrition and loss to follow-up are particular
challengesin digital interventions[23], especially among young
people [24]. Differential attrition where follow-up rates are
higher in one group than in another can bias results [25]. To
minimizedifferential attrition and to optimize overall follow-up
assessment compl etion rates, incentivized text messages asking
about e-cigarette use and abstinence will be sent to all
participants at 14 days post enrollment and then monthly
thereafter through 6 months post randomization. At 14 days,
enrollees will be asked, “ Checking in: Have you cut down how
much you vape nicotine in the past 2 weeks? Respond w/letter:
A=l still use the same amount, B=I use less, C=I don’t use at
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al anymore” At monthly intervals from 1 month post
randomization to 6 months post randomization, enrollees will
be asked, “How’s the quit going? When was the last time you
vaped nicotine, even a puff of someone else’s? Respond w/
letter: A=inthe past 7 days, B=8-30 days ago, C=More than 30
days ago.” Participants in both arms will be compensated US
$5viaadigital gift card for each responseto these text message
assessments (total 7 assessments, possible payment US $35).

Thisis Quitting

In response to the youth vaping epidemic and the scarcity of
available quitting resources for young people, in January 2019,
Truth Initiative launched Thisis Quitting, afirst-of-its-kind free
e-Cigarette cessation text message program designed specifically
for young people [26]. This is Quitting is promoted nationally
through truth, the public education campaign run by Truth
Initiativefor over 20 years[27], aswell asthrough earned media
and local and national outreach efforts. Since it was launched,
more than 150,000 teens (aged 13-17 years) and young adults
(aged 18-24 years) have enrolled. Observational data have
shown that approximately 70% of enrolled users set aquit date,
nearly half use one or more of the interactive keywords for
on-demand support, and 68% stay enrolled for the full duration
of the program. This study focuses on evaluating the
effectiveness of the program among young adults.

Thisis Quitting isfully automated and interactive, grounded in
best practices from smoking cessation research with young
people[17,24,28] and our experiencedelivering digital tobacco
cessation interventions to people of al ages, and informed by
formative research with young e-cigarette users and quitters.
The program is written in first-person, positioned as a
nonjudgmental, supportive friend to the user. It is anchored
around key constructs from the Social Cognitive Theory [29].
For example, to build self-efficacy, users receive messages that
are designed to bolster confidence (eg, Matt says. “Just trust
the process. It's hard at first but it gets easier with time. And
don’'t get down on yourself, every day is a new day.” We all
believein you here.). To establish or reinforce perceived social
normsand socia support around quitting, amajority of messages
comefrom other userswho have submitted them to the program
(edited by Truth Initiative personnel where appropriate). These
messages reference the author and are designed to convey that
many other young people are quitting and that the user is not
alone (eg, Ashley says. “You can do it we are al in this
together.” You're not the only one who's thought about
quitting.). To support observational learning, users receive
messages with strategies from other young people (eg, Dalton
says. “Remember that stress can be dealt with in other ways!
Try meditating or even writing down what the problem is and
then figure out solutions.” You dealt with hard things before
you started to vape, and you still can.) To grow behavioral
capability, users receive messages that suggest concrete
evidence-based skillsand strategies users can practice (eg, Have
your friends supported your quitting? Reply YES or NO. {{If
user responds NO} } Practice - like actually say out loud in front
of amirror at home or in your car - how you'll turn down a
JUUL if they offer it to you.). Like this example, many of the
messages are interactive in nature, encouraging usersto engage
with the program.
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Participants typically receive 1 to 2 messages per day, with 3
messages sent on their quit date. Messages aretailored to users
age, to their enrollment date or quit date (which can be set and
reset via text message), and to the vape product they use (if
provided by the user). Those not ready to quit receive 4 weeks
of messages focused on building skills and confidence. Users
who set a quit date receive messages for 1 week preceding it
and 8 weeks afterward that include encouragement and support,
skill- and self-efficacy building exercises, coping strategies,
and information about the risks of vaping, benefits of quitting,
and cutting down to quit. For young adult users, messages about
nicotine replacement therapy state that it may make quitting
more comfortable, that it is available over the counter, and that
they should talk to adoctor or pharmacist to help determinethe
best dose. Keywords such as COPE, STRESS, SLIP, and MORE
can be used to request on-demand support. Users can
unsubscribe to stop receiving messages anytime by texting
STOP. The message confirming unenrollment instructs them
how to reengage with the program at any time and solicits
feedback about the program.

To isolate the treatment benefit provided by the program from
any confounding effects related to its public marketing or
promotion, all branding and reference to the branded name will
be removed from the program. Instead, it will be generically
described as the Quit Vaping Study to participants randomized
to thisarm.

Assessment-Only Control

After an initial message confirming enrollment, participants
will receive the incentivized text messages asking about
e-cigarette use and abstinence, as described above. They will
not receive any additional text messages. At the end of the
intervention period and following the last foll ow-up assessment,
they will receive information on how to sign up for This is
Quitting (free and publicly available) if they are interested.

Data Collection

The baseline survey will be conducted on the web and hosted
on a secure server. Follow-up assessments at 1 month post
randomization and 7 months post randomization will be
conducted via mixed-mode follow-up. The 7-month
postrandomization follow-up is designed to correspond to the
6-month posttreatment follow-up most commonly used in
clinical trials and the end point used by quitlines in assessing
the effectiveness of areal-world intervention where the end of
treatment varies across participants [30]. Participants who do
not compl ete the survey on the web will be contacted by phone
and text message by the research staff. Telephone surveys will
be conducted by research staff blind to treatment. Text messages
will be used as afinal means of gathering abstinence data from
nonresponders.

There will be no payment for study enrollment or completion
of the baseline assessment. Participantswill be paid US $20 for
completing each follow-up survey via the internet or over the
phone with atelephone interviewer, with an additional US $10
incentive for responding within 24 hours of receiving theinitial
invitation.

https://www.researchprotocol s.org/2020/5/€18327
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M easures

Screening Variables

To characterize those interested in the study, we will gather
information about demographics (age, education, incomelevel,
sexual and gender identity, race, and ethnicity), current
e-cigarette use (use of e-cigarettes containing nicotine or
marijuanain the past 30 days[31]), and interest in quitting.

Baseline Variables

To characterize study participants and explore the potential
moderators of treatment effectiveness, wewill gather additional
demographic information beyond the screener (student status
and employment status); current e-cigarette use and history
(frequency and rate [31,32], motivation to quit, and quitting
history [33]); nicotine dependence will be assessed with the
PROMISE-E [34] and items from the Texas Adolescent and
Tobacco Marketing Surveillance[35]; other substance use (other
tobacco products, alcohol [36]), and mental health symptoms
[37]. Giventhe evolving trends of e-cigarette use and perception,
we will also ask about their awareness of media reports about
e-cigarettes, perception about e-cigarettes, reasons for wanting
to quit, and reasons for joining the study. To account for
potential predictors of treatment dropout, we will ask about
motivation to use or quit e-cigarettes and potential barriers to
quitting (eg, socia influences).

Mediating Variables

The program primarily aims to help people quit vaping by
building their self-confidence through skills training and by
increasing perceived social normsand socia support for quitting.
Accordingly, we hypothesize that changes in self-efficacy and
perceived socia norms and socia support will mediate the
relationship between treatment assignment and abstinence
outcomes. These constructswill be assessed at baseline, 1 month
post randomization, and 7 months post randomization, and
changeswill be examined in mediational analyses. Items assess
how supportive of quitting vaping their friends and family are,
perceptions about how many of their peers vape or want to quit
vaping, and awareness about media reports of vaping-related
illnesses.

Primary Outcome

The primary outcome is self-reported 30-day abstinence at 7
months post randomization. Participants are first instructed
“Please note that the terms ‘vape’ or ‘vaping’ in this survey
refer to use of al vaping products, including JUUL, mods, and
other e-cigarettes” They are then asked to respond to the
following question: “In the past 30 days, did you vape at all,
even a puff of someone else’'s?’

Following the completion of the final 7-month follow-up
assessment, after participants recelve compensation for
completing this survey, we will administer an exit questionnaire
that queries participants about the accuracy of their self-reports.
This process was used successfully by Lantini et al [38] to
determine rates of misreporting of outcomes in a randomized
trial with adolescent smokers. Items will address the reasons
for joining the study, the extent to which they paid attention to
the study questions and their answers, the extent to which they
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like/dislike the way vaping makes them look, concerns about
confidentiality in the study, and several items tapping social
desirability biasin the context of adigital intervention.

Secondary Outcomes

In addition to the 7-month assessment of abstinence as the
primary outcome, we will gather abstinence data at all other
follow-ups as secondary measures. Other quitting-related
outcomes include change in motivation to quit, quit attempts
and quit methods, reduction in e-cigarette use, 7-day abstinence,
and continuous abstinence measured at each formal follow-up
aswell asinterim text message assessments (singleitemsasking
about current vaping status). Nicotine dependence among those
still vaping will be assessed with the PROMISE-E [34] and
items from the Texas Adolescent and Tobacco Marketing
Surveillance[35]. Wewill ask about other substance use (other
tobacco products and alcohol [36]) and mental health symptoms
[37] asin the baseline survey. Intervention satisfaction in both
conditionswill be measured with items about overall satisfaction
(1=very satisfied, 2=somewhat satisfied, 3=alittle satisfied, and
4=not at all satisfied), how likely they would be to recommend
the intervention to a friend (O=not at al likely and 10=very
likely), and a rating of the number of text messages they
received (1=too few, 2=just right, and 3=too many) [39]. To
assess perceived message relevance, participants will be asked
to provide feedback about the text messages by
agreeing/disagreeing with several statements, such as if text
messages “were written personally for me” [40] “suggested
quitting strategies that were new to me,” and “made me feel
that | knew the right steps to take to quit.”

Data Analysis Plan

Sample Generalizability

We will compare our final enrolled sample with those who did
not complete the enrollment process to identify if study
participants differ from the sample from which they were drawn
[41]. These analyses will provide important information about
the generalizability of our study sample to the broader
population of young adult e-cigarette usersinterested in quitting

vaping.
Pilot Analyses for Sample Size Calculations

Given that this is the first-ever evaluation of a quit vaping
program, we were unable to draw on existing literature to
estimate the potential effect size of our intervention against an
assessment-only control to determine the appropriate sample
size. Previoustext messageinterventionsfor smoking cessation
among young adults suggest a treatment benefit of 5 to 10
percentage points, favoring the intervention arm [42,43].
However, these studies vary by age of participants, abstinence
metric, assessment end point, and obviously the nature of the
behavior change being studied (smoking vsvaping). Therefore,
we examined abstinence rates among an initial pilot sample of
participants who completed the 1-month follow-up from our
owntria to determinethefina samplesize. Detailsare provided
below in the Results section.
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Primary Outcome

Point prevalence abstinence at 7 months post randomization
will be compared between the treatment and control groups
using logistic regression. All estimates will be adjusted for
baseline confounders of the intervention-outcome relationship.
Missing data will be handled in 2 ways. First, we will conduct
anintent-to-treat (ITT) anaysisin which participantswho have
been lost to follow-up are assumed to be treatment failures (ie,
vaping). This analysiswill be conducted because ITT analyses
are common in the smoking cessation literature, despite
simulations demonstrating that the approach is neither
conservative nor anticonservative but rather biased in favor of
whichever condition contains less missingness [44]. Second,
we will supplement ITT analyses with an analysis that uses a
multiple imputation procedure to minimize bias in estimates
and SEs, under the assumption that outcomes are not missing
at random but rather more likely to be missing for treatment
failures (ie, vaping) than treatment successes (ie, abstinence).
Given that the magnitude of actual response bias is unknown,
we will conduct a sensitivity analysis to evaluate the treatment
effect on outcomes under a range of magnitudes, from equal
odds of missing (odds ratio [OR] 1) to 5 times more likely to
be missing (OR 5).

Secondary Outcomes

Additional outcomes related to abstinence and treatment
engagement will also be analyzed with logistic regression as
secondary analyses. These include the likelihood of making a
quit attempt, likelihood of reducing e-cigarette use, and changes
in confidence and self-efficacy in quitting e-cigarettes.

Moderators and Mediators of the Treatment-Outcome
Effect

Wewill identify potential moderators (eg, age, gender, baseline
motivation to quit) by analyzing interactions between treatment
and selected variables. For all moderators found to be associated
with the primary outcome, we will examine the effects of
treatment/moderator interaction terms on outcomes after entering
the main effects.

Our conceptual model is that treatment increases the odds of
abstinence by increasing perceived social norms, perceived
socia support, and perceived self-efficacy for quitting. These
3 constructs will be measured at baseline, 1 month post
randomization, and 7 months post randomization. Changes in
these constructs from baseline will be evaluated with separate
mediation analyses. Specifically, we hypothesi ze that the effect
of treatment on abstinence will be mediated by changes in
perceived social norms, perceived social support, and perceived
self-efficacy, such that (1) a significant effect is found
associating treatment assignment with changesin the mediator,
(2) a significant effect is found associating changes in the
mediator with outcome (abstinence), (3) a significant effect is
found associating treatment with outcome (abstinence), and (4)
the effect of the treatment-outcome relationship is significantly
attenuated when the other effects (ie, 1 and 2) are simultaneously
included in the model.
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Results

Study recruitment began on December 18, 2019, and is projected
to be completed by spring 2020. The final 7-month follow-up
is anticipated to be completed by fall/winter 2020.

Between December 18, 2019, and December 28, 2019, a total
of 269 participants were randomized to treatment (This is
Quitting: n=148 and control: n=121). The 1-month response
rate was 79.2%, with no difference between arms. Using ITT
analyses, 30-day abstinence rates were 16.2% (24/148) among
those randomized to Thisis Quitting and 8.3% (10/121) among
those randomized to control. A treatment difference of 16% vs
8% is detectable, with 80% power at 2-sided alpha=.05 with
260/group (520 total). To be ableto detect treatment differences
of this magnitude in a 20% subsample (eg, Hispanic or sexual
minority young adult e-cigarette users), we determined that we
needed to enroll 1300/group (2600 total) in our full sample.

Discussion

Significance and Challenges

This study isthefirst-ever comparative effectivenesstrial of an
intervention designed specifically to help young people quit
vaping. It is fully powered to examine potentially important
subgroup differences among young people who are more
vulnerableto e-cigarette use. In addition, it lays the groundwork
for future intervention research and beginsto build an evidence
base for vaping cessation treatment.

Selection of acontrol condition in abehavioral trial such asthis
onerequires careful consideration and bal ance between internal
and external validity [45]. Masking of treatment assignment
can be difficult [46], and developing an inactive behavioral
control arm that is credible and equally preferableto participants
in the context of a text message intervention is a unique
challenge. Participants enrolled in the trial seeking support to
quit vaping and expected to receive some form of intervention.
Therefore, we elected to use an assessment-only approach for
the control arm to deliver an experience that retains subjects
while not being so involved that it significantly changes
participant behavior.

Conducting a comparative effectiveness trial of a quit vaping
program during atime when the e-cigarette product [47-49] and
policy [50-52] landscape arein flux isaunique challenge. It is
important to acknowledge that myriad contextual factors from
the individua level up through the policy level may influence
the outcomes of thistrial to agreater or lesser degree. We expect
that whatever factors are at play and whatever degree of
influence they may have, randomization should distribute such
influence evenly across both arms.

Limitations

Several aspectsof our trial design and implementation are worth
noting as potential limitations. First, the timing of funding
availability meant that we launched the study several weeks
before the new year. Recruiting during atime when motivation
to quit may be higher than at other times during the year may
result in somewhat inflated quit rates across the arms.
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Alternatively, it is possible that the motivation among
individuals who attempt to quit vaping around the New Year is
more ephemeral and characterized by less dedication and
intensity, yielding perhaps|ower quit ratesthan if the study was
conducted at a different time of year. Previous research on
smoking cessation has supported both possibilities. Regardless,
wedo not have any reason to believe that this seasonal influence
would differentially affect participants in the 2 arms and that
this potential confounding factor would be addressed via
randomization.

Second, it is important to acknowledge that the active
intervention arm is publicly available and being actively
promoted through a national education campaign. Participants
in both conditions may become aware of this national campaign
at some point during the trial. Follow-up measures will assess
awareness of the truth campaign and engagement in This is
Quitting among control arm participants.

It isalso important to note that we have no plansfor biochemical
verification of abstinence, athough this is not necessarily a
limitation given the context of this research. Previous digital
cessation research has shown low response rates among young
people despite a protocol involving minimal participant burden
[53]. Indeed, biochemical confirmation is often not practical in
large-scale trial swith no in-person contact between participants
and study staff and where the entirety of the study is conducted
digitally [54,55], both of which characterize this trial.
Furthermore, biomarkers are more useful for verifying brief
periods of smoking abstinence than longer periods of abstinence
(eg, our primary end point of 30-day abstinence). We believe
that our measurement approach using the methods described
by Lantini et al [38] will add important information about the
veracity of self-reported cessation outcomes.

Finally, this study focuses on evaluating the effectiveness of
theintervention only among young adults aged 18-24 yearsand
does not include teens. Research among teens involves ethical
and practical considerations (eg, parental assent) that are not
present in research with adults aged 18 years and older. Given
that the e-cigarette epidemic is largely concentrated among
middle and high school students, it will be important to study
this intervention among youth, with the appropriate ethical
controlsin place.

Conclusions

Research on e-cigarettes, to date, has largely centered on their
potential benefit asan alternativeto cigarettesand their potential
utility as a smoking cessation strategy [15]. While this
often-contentious debate continues [56-58], there is an urgent
and critical need to identify effective vaping cessation strategies
to support the thousands—perhaps hundreds of thousands—of
young peoplewho want to quit vaping today. To our knowledge,
this study is the first randomized controlled tria that is fully
powered to eval uate the effectiveness of an automated, scalable,
cost-efficient text message program for vaping cessation
designed specifically for young people. Observational datafrom
this program is extremely promising, both in terms of the
massive uptake and engagement seen within the first year and
also with respect to signals of abstinence. The data generated
from this tria will establish a benchmark of effectiveness for
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other vaping cessation programs and begin to create abody of  from e-cigarettes.
evidence focused on how best to help young people break free
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Abstract

Background: Despite intervention efforts to date, the prevalence of risky drinking among adolescents and emerging adults
remains high, increasing the risk for health consequences and the development of alcohol use disorders. Peer influences are
particularly salient among this age group, including via social media. Thus, the development of efficacious early interventions
for youth, delivered with abroad reach viatrained peerson social media, could have animportant rolein addressing risky drinking
and concomitant drug use.

Objective: This paper describes the protocol of a randomized controlled trial (RCT) testing the efficacy of a socia media
intervention among adol escents and emerging adults who meet the criteria for risky drinking (using the Alcohol Use Disorders
Identification Test-Consumption [AUDIT-C]), delivered with and without financial incentives for participation, compared with
an attention placebo control condition (ie, entertaining social media content), on alcohol consumption and consequences.

Methods: This RCT involved recruiting 955 youths (aged 16-24 years) via advertisements on Facebook and Instagram to
self-administer a brief web-based screening survey. Those screening positive for past 3-month risky drinking (AUDIT-C positive:
ages 16-17 years: >3 females and >4 males; and ages 18-24 years. >4 females and =5 males) were eligible for the RCT. After
providing consent (a waiver of parental consent was obtained for minors), participants completed a web-based baseline survey
and several verification procedures, including a selfie photo matched to Facebook profile photos. Participants were then randomized
tojoininvitation-only secret Facebook groups, which were not searchable or viewable by parents, friends, or anyone not recruited
by the study. The 3 conditionswere social mediaintervention with incentives, social mediaintervention without incentives (SMI),
and attention placebo control. Each condition lasted 8 weeks and consisted of bachelor's-level and master’s-level therapist
electronic coaches posting relevant content and responding to participants posts in a manner consistent with Motivational
Interviewing. Participants in the control condition and SMI condition did not receive payments but were blind to condition
assignment between these 2 conditions. Follow-ups are ongoing and occur at 3, 6, and 12 months poststart of the groups.

Results:  We enrolled 955 participants over 10 waves of recruitment who screened positive for risky drinking into the RCT.
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Conclusions: The findings of this study will provide the critical next step in delivering early alcohol interventions to the youth,
capitalizing on social media platforms, which could have significant public health impact by altering alcohol use trajectories of

adolescents and emerging adults engaged in risky drinking.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(5):€16688) doi:10.2196/16688

Clinical Trials.gov NCT02809586; https://clinicaltrials.gov/ct2/show/NCT02809586.
DERR1-10.2196/16688

KEYWORDS

social media; alcohol consumption; adol escents; emerging adults; internet-based intervention

Introduction

Background

Despite numerousintervention and policy efforts, risky drinking
(ie, hazardouslevels of consumption resulting in increased risk
for consequences) among youth in the United States remains a
major public health issue. Although only 1.8% of youths aged
12 to 17 years and 10.0% of those aged 18 to 25 years met
criteriafor an alcohol use disorder in 2017 in the United States
[1], risky drinking is common. For example, as one indicator
of risky drinking, past-month binge (eg, 24 drinks for females
and =5 drinks for males) drinking rates are 10.2% for ages 16
to 17 years, 26.2% for ages 18 to 20 years, and 45.4% for ages
21 to 25 years [2], athough these may be underestimates
because of possible underreporting in national surveys (eg,
average past-year quantity or frequency questions) [3]. In fact,
risky drinking among young peopleisassociated with increased
risk for other drug use, adverse health consequences (eg, injury
and overdose), and development of substance use disorders
[4-7]. Accordingly, late adolescence and emerging adulthood
is a critical developmental juncture, distinct from childhood
and adulthood, during which rates of acohol and other drug
use peak [8-10]. For example, 6.5% of adolescents and 22.1%
of emerging adults report past-month cannabis use [1]. Thus,
scalable, early interventionsare urgently needed to addressrisky
drinking and concomitant health risk behaviors (eg, other drug
use and driving under the influence) among adolescents and
emerging adults to disrupt risk trgjectories. Here, we present
thetheoretical rationale and protocol for arandomized controlled
trial (RCT) of social media—delivered interventions for risky
drinking among adolescents aged 16 to 24 years recruited
nationally.

Conceptual Mode

The conceptual model guiding our intervention is rooted in
social cognitive (eg, theory of planned behavior [11] and social
learning [12]) and social ecological [13] theories, emphasizing
the role of individual and social influences on alcohol use by
adol escents and emerging adults. Furthermore, our intervention
isimplicitly grounded in aresiliency framework [14,15]. Across
development, evolving interactions between individua and
social risk and protective factors during the establishment of
new roles (eg, relationships and employment) [16] can decrease
or accelerate alcohol use trajectories [16-18]. Individua risk
factors associated with acohol use include low perceived risk
of use, perceived norms, and mental healthissues (ie, depression
and anxiety), whereas disapproval of use, parenting practices,

https://www.researchprotocol s.org/2020/5/€16688

and protective behavioral strategies are protective [16,19-27].
Although parents areimportant during younger ages[ 28], peers
comprise the most robust social influences on substance use
among adolescents and emerging adults [16,29-38].

Over the past decade, social media has become increasingly
prevalent in the day-to-day lives of young people, cresting
additional opportunities for exposure to positive and negative
peer influences[39,40]. Social mediacontent is user generated
and constantly changing, providing frequent exposure to
web-based peer influences, potentially resulting in reinforcing
spirals of increasing exposure and involvement with alcohol
use behaviors over time[41,42]. Although it iswell known that
offline peers can exert tremendous influence on acohol use
among youth [16,29-32], recent data suggest that online peers
also influence alcohol use [43-45]. Emerging adults who
consume more acohol, for example, have more Facebook
friends [46] and post more references to parties on Facebook
than those who use less alcohol [47]. Among high school
students, higher alcohol use is related to reports of friends
posting al cohol content on social media[43], and in alaboratory
study, researchers found that teens viewing Facebook profiles
that contained positive references to alcohol had more positive
attitudes and willingness to drink alcohol than teens who did
not view these profiles [48]. Asoffline peer disapproval of risky
substance use can be a protective factor [49,50], online peer
disapproval of alcohol use may function similarly. Research
shows that posting positive portrayals of alcohol use on social
mediaisrelated to consumption among the youth [43,51]. Thus,
social media provides an appealing platform for the delivery of
alcohol interventions, wherein peer influences could be
harnessed instead to promote harm reduction or reduced
consumption. As described earlier, alcohol use is associated
with other drug use; thus, social media interventions could be
useful for targeting concomitant drug use, particularly because
mentions of other drug use are also prevalent on social media
[52,53]. For example, one study showed that more than one-third
of a college student sample had seen a picture of a friend
smoking cannabis posted on social media [54].

Social Media as an Intervention Platform

A common feature of social media use among adolescents and
emerging adultsis the frequent use of more than one platform,
which reflects increased smartphone ownership and Wi-Fi
access. Asof 2018, 95% of teens reported having asmartphone
or access to one, of which 45% reported they are on the Web
almost constantly [55]. Among emerging adults (aged 18-25
years), 88% use Facebook, compared with 68% for Snapchat,
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59% for Instagram, and 36% for Twitter [56]. In addition,
engagement is more frequent for Facebook, with 74% of all
users checking it daily, compared with 61% for Snapchat, 63%
for Instagram, and 42% for Twitter [56], and 51% of Facebook
users log in several times per day [57]. In contrast, among
adolescents (aged 13-17 years), 51% use Facebook (which has
declinedin recent years) [58], compared with 69% for Snapchat,
72% for Instagram, and 32% for Twitter [56]. It may be that
adolescents and emerging adults who use Facebook regularly
differ from those who do not, which could affect the utility of
interventions. For example, data suggest that alarger proportion
of teensfrom lower income househol ds use Facebook than those
from higher income households [59]. Thus, when choosing a
social media intervention platform to reach both adolescents
and emerging adults, there is no clear single best choice.
Furthermore, astrendsin social mediause shift over timeand/or
within demographic groups, there may be unique opportunities
to leverage content for delivery across various emerging
platforms with shared features (eg, ability to post personal
content, videos, articles, etc) to reach certain at-risk groups.

To date, there a very few social media interventions to reduce
risky drinking (and/or other illicit or prescription drug misuse)
among young people [60], with arecent publication describing
the development of a tobacco and binge drinking intervention
[61]. Most prior research testing early interventions for alcohol
(and other drug use) has examined interventions delivered by
therapists and/or static computer programs, with demonstrated
efficacy in medical and university settings [62-74]. Overall,
effect sizesare modest [ 75], with newer studiesin the substance
use field and other health fields testing technology-driven
methods to extend delivery [76-79]. An advantage of social
media interventions is that they can be designed to blend
therapist and computerized interventions to deliver dynamic,
evolving content; harness online peer influences; and provide
access to electronic coaches (e-coaches), which can increase
exposure to content at the time the person chooses to engage.
Social media interventions (typically delivered over 8-12
weeks), addressing other health outcomes (eg, exercise/weight,
HIV risk reduction/sexual health, and smoking cessation) among
varied samples (eg, postpartum women, college students, and
general community), have demonstrated promising effects
[80-88], supporting the potential of this approach to address
alcohol and other drug use.

Prior social media interventions have used Facebook for
delivery, likely becauseit remainsthe most popular social media
site among emerging adults and it has unique features that
support intervention delivery. For example, Facebook allows
private, secret groups to address privacy and confidentiality
concerns (which are not searchable or viewable by others and
can be joined by invitation only). In addition, the content is
sorted into threads, promoting group interaction, with active
conversations bumped to the top of the group or one's newsfeed.
Moreover, Facebook content does not disappear (eg, as in
Snapchat), so it can be viewed an unlimited number of times
and discussions can be revisited, as group members post new
comments. Finally, Facebook does not restrict the character
count of posts, which is alimitation of other platforms.
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Critical issues related to designing social media interventions
are exposure, dose (engagement or response showing the degree
to which content may be processed), and diffusion (reach or
interaction among online peersviashares, comments, etc) [89].
Exposure can be measured using metrics of reactions (eg, likes),
comments, replies, and poststo Facebook groups. For instance,
researchers found more than half (approximately 63%) of
participantsin aphysical activity intervention condition reported
visiting the Facebook group 2 to 3 times per month during a
12-week intervention period; among those who posted in the
Facebook group more than once, they averaged 8 interactions
each over 12 weeks [80]. Thus, an important methodol ogical
question isrelated to how to encourage engagement, increasing
dose and diffusion [89]. Our study sought to accomplish thisin
2ways. Firgt, content wasinformed by social marketing research
tips regarding characteristics of posts that increase interaction:
(1) give (eg, photo/video contests), (2) advise (useful tip for
concerns, eg, coping strategies), (3) warn (dangers could affect
anyone, eg, overdose and impaired driving), (4) amuse (amusing
photos/videos), (5) inspire (moving quotes or stories), (6) amaze
(amazing picturesor facts, eg, norms), and (7) unite (brag about
group membership and social support) [90]. Second, to our
knowledge, no researchers have compared intervention
conditions that vary incentives for engagement. Increased
interaction via incentives among peers could theoretically
reinforce group interactions, increasing dose, which is thought
to result in behavior change. Thus, we sought to compare an
intervention condition that provided modest financial incentives
for engagement as measured by daily interactions (ie, postswith
status updates or comments to another’s post) with a condition
that did not provide incentives. Thus, in addition to comparing
theinterventions to an attention control condition to determine
efficacy, our goa was to examine whether externaly
incentivized interaction produced greater engagement, and if
so, whether that enhances intervention efficacy, relative to the
nonincentivized intervention condition containing organic,
individually motivated interactions.

Finally, sentiment analysis (eg, examining the relative positive
or negative valence [tone] and arousal [activation] in text)
[91,92] isapotentially useful tool to understand characteristics
of engagement in social media interventions [93]. Using
state-of-the-art software, natural language processing can
evaluate slang and common misspellings, with 85% accuracy
[94,95]. To date, sentiment analysis has been applied to smoking
cessation interventions but has not been applied to alcohol
interventions, although researchers are coding content of social
media related to alcohol use [96,97]. Thus, because our
interventions sought to encourage interaction within secret
groups, sentiment analysis is an innovative approach to
understanding the characteristics of engagement (eg, valence
and arousal) and alcohol use outcomes.

Goal of This Study

We recruited adolescents and emerging adults using Facebook
and Instagram advertisements and conducted web-based
screening to enroll risky drinkers in an RCT comparing 3
conditions: (1) social mediaintervention (SM1) with incentives
(SMI+l), (2) SMI only, and (3) attention control condition, with
follow-up assessments at 3, 6, and 12 months. Interventions

JMIR Res Protoc 2020 | vol. 9 | iss. 5 |e16688 | p.16
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

comprised accessfor 8 weeksto unique, private secret Facebook
groups fecilitated by e-coaches (supervised by licensed
therapists), with dynamic content addressing motives for risky
drinking and reducing consumption aswell as concomitant risk
behaviors (other drug use). The attention control condition
included access for 8 weeks to entertaining content (eg, sports,
lifestyle, fun, etc). Asdescribed earlier, we used 2 intervention
approaches, with and without financial incentives for
participation, and we will measure engagement within the
intervention groups. By providing incentives for participation
in one condition, we attempted to harness participantsto provide
group support, thereby delivering intervention content,
facilitated by e-coaches.

The specificamsareto (1) test the efficacy of the 2 intervention
conditions compared with the control, in reducing alcohol
consumption and alcohol-related consequences at 3-, 6-, and
12-month follow-ups; (2) compare the intervention conditions
in participant engagement and efficacy in reducing alcohol
consumption and alcohol-related consequences at 3-, 6-, and
12-month follow-ups; and (3) examine how level of engagement
in intervention conditions (eg, engagement metrics) and
characteristics of intervention engagement (sentiment analysis)
relate to alcohol use outcomesin the 2 intervention conditions.
The secondary aims include examining the efficacy of the
interventions on other drug use, moderators of outcome, and
conducting cost analyses. This paper describesthe study protocol
in relation to the primary aims.

Methods

Trial Registration, Ethics, Consent, and I nstitutional
Board Approval

The study procedures were approved by the University of
Michigan Ingtitutional Review Board (IRB), and the study was
registered in Clinicatrials.gov (#AA024175). We received a
waiver of parental consent for all aspects of the study for youths
aged 16 to 20 years (the age of mgjority varied based on state
residence). The rationale for this waiver was based on (1) the
determination of teenage participants as mature minors (ie, they
can understand the study risks), with decisional capacity to
promote health-seeking behavior including substance use
treatment [98]; (2) the fact that disclosure of high-risk behaviors
may increase the risk of adverse effects on participants
well-being because of potential reactions from parents (eg,
rejection and abuse); and (3) the study could not practicably be
carried out without this waiver, given potential bias in
participation because of fear of disclosure of risky drinking to
parents [99]. Furthermore, our study involved a two-phase
consent process, with separate web-based consent obtained for
the screening and RCT phases. Confidentiality and privacy were
also enhanced by requiring participantsto agreeto abide by our
own User Safety Agreement (seethe Interventions section). We
obtained a Certificate of Confidentiality from the National
Institutes of Health.

Design
Using recruitment via social mediaadvertisements, we enrolled
and randomized 955 adolescents and emerging adults (aged
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16-24 years) inan RCT comprising the 2 intervention conditions
and the control condition. Participants were assigned their
conditions for a period of 8 weeks and were prompted to
self-administer follow-up assessments at 3, 6, and 12 months
postinitiation of groups. All assessments and interventions
occurred on the Web, with surveys administered through
Qualtrics [100].

Recruitment

Potential participants were recruited in 10 waves, separated by
age (16-20 and 21-24 years) via paid advertisements on
Facebook and Instagram. Each wave contained an average of
95.5 parti cipants, which hel ped ensure that the 3 groupsin each
wave contained approximately 30 participants (mean=31.8
participants per group) to allow for sufficient online group
interaction.

On the basis of prior work [101], Facebook/Instagram
advertisements were initially placed by setting the audience
location to include users in the United States. Advertisements
were also specified to be displayed to users with certain
demographic characteristics (ie, agegroups 16-17, 18-20, 21-22,
and 23-24 years and English-speaking users) and detailed
targeting displayed advertisementsto userswho liked Facebook
pages related to alcohol (eg, popular brands, drinking games,
etc). Starting in wave 5, we added user characteristicsto increase
the recruitment of racial and ethnic minorities using affinity
targeting within Facebook Ads Manager. After wave 6, ethnic
affinity targeting was temporarily removed from the Facebook
Ads Manager but was available again and used for waves 9 and
10. Each advertisement featured headlinesto encourage potentia
participants to take the survey (eg, “Drink alcohol ? Participate
inaresearch study; earn $$$ for your time.”). We used 3 images
(from Facebook Ads Manager and stock photos) of
alcohoal/individuals with alcohol and one image of the study
logo. To encourage minority representation in the sample,
advertisements pi ctured individual s of varying races/ethnicities.
Also starting in wave 5, white individuals and females were
infformally excluded after preset quotas were filled.
Advertisements initially directed participants to the study
website, but starting in wave 2, advertisements led participants
directly to the consent page and screening survey. The study’s
website URL was provided to participantsthroughout the study
(eg, in Facebook secret groups and texting/email
communications).

Screening

Among screening-eligible participants, the 21-item web-based
screening survey was used to determine RCT dligibility using
a past 3-month version of the Alcohol Use Disorders
| dentification Test-Consumption (AUDIT-C [102-104]; where
binge drinking was defined at >4 drinks for women and =5
drinksfor men) embedded among other standard items querying
demographics and other substance use. To ensure real people
completed the survey (as opposed to bots), the web-based
screening consent pageincluded aCompletely Automated Public
Turing test to tell Computers and Humans Apart. Participants
who reported risky drinking the past 3 months (AUDI T-C score:
ages 16-17 years. >3 females and >4 males and ages 18-24
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years: 24 femalesand =5 males[105,106]) were eligiblefor the
study.

Participant | dentity Verification Proceduresand
Baseline Enrollment

Before enrolling eligible participants, we reviewed their
screening data as a second step to ensure data integrity and to
deter fraudulent participation. Procedures included checking
datafor duplicateinternet protocol addresses, survey completion
times >60 seconds, and the existence and legitimacy of the
participant's Facebook profile based on published
recommendations [107,108]. Once initial identity verification
procedures were passed, eligible youths were sent an email
invitation to participate in the study, with a link that
automatically directed them to the RCT consent form followed
by aweb-based baseline survey and a contact information form.
Participantswereinformed in the consent form that “the purpose
of the study isto develop and test social mediainterventionsto
help young peopl e reducerisky behaviors, such asal cohol use”
To help ensure identity and age, as part of the baseline
procedures, participants were required to upload a selfie
containing a handwritten sign with the date and time that
included their head and shoulders. Study staff compared the
selfie with the participant’s Facebook profile for verification
before randomization and group assignment. Inrare caseswhere
aparticipant’s Facebook profile did not already contain aphoto
of themselves, we asked them to temporarily upload a second
photo (different than the selfie) for rea-time, immediate
verification against their time- and date-stamped photo.

Randomization

Following the web-based baseline assessment and selfie
verification, participants were randomized to 1 of the 3
conditions. Given differencesin severity of drinking by ageand
sex, which could affect response to the intervention [2],
computerized, stratified random assignment by sex and age
group (16-20 and 21-24 years) took place within condition, in
blocks of 20 within cells to equalize randomization over time.
Randomization occurred by a computer algorithm generated
with supervision by the data manager; thus, research staff were
not able to manipulate condition assignment. Given e-coach
interaction in groups, it was not possible to blind staff to
condition assignment; regarding participant blinding, although
participants were not told whether they were assigned to an
intervention or control group, the control group did not receive
alcohol content; thus, aswith most behavioral trias, itispossible
that participants discerned their condition assignment.
Specifically, the consent form described the 2 intervention
conditions, “You will have access to the secret Facebook page
that will deliver health information focused on reducing risky
behaviors, including alcohol use” The consent form described
the control condition as, “You will have access to the secret
Facebook page that will share news information about things
like entertainment, sports, weather and world news.” In addition,
for the SMI+I group, participantswereinformed that they would
earn points for interacting on the group page and be paid for
the points earned, so participants were not blinded to being
assigned to the payment condition. After randomization,
participants were sent a friend reguest from an e-coach; once
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participants accepted the request, they were added to their
corresponding secret group where the 8-week condition was
delivered.

Follow-Up Assessments

Consecutive web-based assessments, mirroring the baseline
survey measures, were distributed by aresearch assistant using
ageneric study email addressat 3, 6, and 12 months after group
initiation. Participants were assured that e-coaches would not
view their individual outcomes on their self-administered
follow-up surveys.

Incentives

Each participant received a US $30 Amazon gift card code for
completing the web-based baseline survey and providing a
selfie, which took approximately 30 min. Compensation for
follow-up assessmentswas US $35 for the 3-month assessment,
US $45 for the 6-month assessment, and US $55 for the
12-month assessment. Participants in the SMI+| condition
received incentives to encourage interaction, earning US $1.00
for each day they posted text and/or images in the secret group
(ie, status update, comment, reply, or share) for a maximum of
US $56 per participant over 8 weeks. Note that likes or reactions
(eg, heart and sad face) were not incentivized. | ncentives were
paid weekly via an electronic Amazon gift card by study staff
(student research assistants, e-coaches, and/or supervisors) who
reviewed posting data to confirm the number of days on which
participants posted.

Interventions

Overview

The interventions consisted of interactions among participants
and e-coacheswithin the secret Facebook group pages (separated
by age group: 16-20 and 21-24 years) over 8 weeks, among
approximately 30 participants per group. After 8 weeks,
participation in the group ended; the ability to share new posts
wasturned off, but participants could still view archived content.
At RCT consent, participantswere required to agreeto our User
Safety Agreement, which provided rules of engagement for the
group. Theserulesincluded prohibition of posting opportunities
to engage in alcohol or other drug use (eg, parties and selling
drugs) or obscene or offensive material, advertisements for
making money or a business, maintaining participants
confidentiaity, and treating each other with respect. Participants
were informed that a single violation of the agreement would
result in areminder of these rules and that repeated violations
could result in removal from the group page with redirection to
an individual page so that content would still be viewable.
Participants were allowed to friend each other and send
messages to one another at their own discretion; we did not
provide specific User Safety Agreement guidelines for these
private interactions.

Electronic Coach Training and Supervision

E-coaches were trained in Motivational Interviewing (MI) and
Cognitive Behavioral Therapy (CBT) skills and posted and
responded to participants in a manner consistent with M,
supervised by licensed clinical supervisorsinweekly individual
and group supervision [109]. E-coach training included
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participation in a large group (not study specific), 2-day
interactive introductory training in M1 led by the first author
and other members of the M1 Network of Trainers(MINT), one
day of small group study-specific MI training with a MINT
trainer, one day of small group study-specific MI training with
the study coordinator, and completion of 4 web-based MI
modules. Supervision included review of groups and
collaborative responding to participants comments, replies,
statuses, or shares. During each 8-week intervention period,
group supervision lasted 1 to 2 hours per week, and individual
supervision lasted 1 to 2 hours (based on e-coach experience
and/or amount of interaction occurring in the groups at a given
time). In addition, depending on e-coach skills and the volume
and clinical complexity of each wave, a supervisor would post
with the e-coach for 1 to 2 hours weekly.

I ntervention Model

Strategiesfrom CBT [110] were structured in 3 phases. Explore,
Guide, and Choose[111,112]. Self-determination theory (SDT)
[113] is conceptualized to explain how MI works [114]; as
applied to alcohol interventions, SDT would suggest that to
increaseintrinsic motivation to reduce a cohol use, the provider
must assist the participant inincreasing confidence, relatedness,
and autonomy. Within each weekly topic, as part of Explore,
e-coaches explored risk perceptions, concerns, motives, and
current alcohol use along with personal goals and strengths. As
part of Guide, ecoaches used an Elicit-Provide-Elicit
framework, posting open-ended questions and responding to
posts by participants, with the goal of dliciting change talk to
reduce risky drinking. As part of Choose, CBT skills and

Table 1. Weekly content topics addressed in the social media interventions.
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protective behavioral strategies were elicited (eg, anticipating
the consequences of usg, finding alternative strategiesto address
motivesfor use) and reinforced. When the need arose, e-coaches
provided community resources within the group and in private
messages. A list of national resources was also available along
with a copy of the consent form and User Safety Agreement
within the group in adownloadablefiles section. Finally, acrisis
text line and areminder to call 911 for immediate emergencies
were shown in the group cover photo pinned to the top of the
secret Facebook page, along with a message that groups were
not monitored 24/7 (although they were monitored multiples
times per day).

Initially, we developed a prototype of the 8-week intervention
based on theory, prior work [115], and feedback from youth
advisors, who reviewed initial content in a focus group. To
increase our library of content, we used Amazon's Mechanical
Turk to crowdsource content appealing to the youth. Then, we
refined the content and focus tested it with another group of
youth advisors, who participated in amock intervention group,
followed by content editing. Although the content topics were
consistent across waves (see Table 1), the intervention was
flexible to address current events (eg, overdose death of a
celebrity) and topicsinitiated by group members, whichincluded
topics such as personal struggles or celebrations. Consistent
with expectations on social media, posts included links to
engaging content (eg, memes, GIF images, Buzzfeed articles,
YouTube videos, quizzes/polls, and other web-based articles)
paired with evocative statements and questions to encourage
participants to interact.

Week Topic Goal of weekly topic

1 Dealing with stress

N

What young people do
reduction

Staying out of trouble
Handling tricky situations
Free time activities
Friends and parents

Staying healthy

o N o o b~ W

Getting support

Establish rapport, enhance coping to manage stress, affirm personal strengths, and elicit long-term goal's

Explore peer norms, elicit benefits of avoiding/reducing drinking, and enhance self-efficacy for harm

Elicit negative consequences of alcohol use and protective behavioral strategies

Elicit motives for drinking and reinforce strategies to address motives in healthier ways

Elicit free time activities that promote healthy and valued activities while avoiding/reducing drinking
Elicit strategies for managing relationships and situations with others

Elicit skills to prevent life-threatening outcomes of drinking (overdose and drinking/drugged driving)

Engage participantsin identifying resources and promote healthy social support

Multiple times per day for 56 days, e-coaches posted new,
dynamic content during morning, afternoon, and evening shifts.
The same content was posted by e-coaches across both SMI
and SMI+1 conditions, at the same daily intervals, with some
content tailored by age group. For example, postsin the younger
group tended to reference school and parents, whereas postsin
older groups tended to mention employment and partner
relationships. During daily shifts, e-coaches used M1 to respond
to participants’ postsand comments. In addition, e-coaches used
Facebook tagging and/or sent messages to participants viatext,
email, or private message if they did not engage for 7 days,
sharing trending topics being discussed on the intervention page
with thegoal of increasing participation. After initial icebreaker
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posts (eg, How would you describe yourself in 5 words?), the
intervention primarily addressed upstream motives for acohol
use (eg, stress, negative affect, positive affect, social influences).
Given our secondary aims and in recognition of the harmful
health effects of combined alcohol and other drug use, other
drug use was also addressed (eg, risk of overdose, drugged
driving). As cannabis (followed by misuse of prescription drugs)
is the most commonly reported illicit substance used by
adolescents and emerging adults[116], we al so addressed these
other substances throughout the intervention, given the
likelihood that many participants could be co-using and
experience heightened risks (eg, greening out, overdose).
Finally, e-coaches posted weekly polls to assess participants
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content preferences while also monitoring the ongoing
popularity of posts for tailoring in future weeks and waves.

Attention Placebo Control Condition

Similar to prior work [86], participants in the control group
were given accessto an 8-week attention placebo entertainment
condition using private secret Facebook groups. Weekly topics
included posts related to nonalcohol or drug-related topics that
involved entertaining content (eg, sports, lifestyle, fun, etc).
E-coaches posted content within the groups daily, at the same
intervals as the intervention group posts. Asin theintervention
groups, the User Safety Agreement wasenforced, thecrisisline
information was displayed in the group cover photo 24/7, and
the downl oadabl e files section included national resources (eg,
suicide hotlines, mental health, and substance use treatment),
the User Safety Agreement, and a copy of the consent form.

Outcomes

Alcohol Use

Our primary outcome of changes in acohol consumption (eg,
quantity, frequency, binge drinking) in the past 30 daysisbased
on a self-administered, web-based, Timeline Follow-Back
(TLFB) assessment [117-119]. We programmed this
self-administered measure to embed within our Qualtrics
baseline and follow-up surveys, with data housed on our secure
internal servers.

Alcohol Consequences

Alcohol consequenceswere measured viathe Brief Young Adult
Alcohol Consequences Questionnaire (BYAACQ) [120], which
asked participants about experiences with 24 specific
alcohol-related problems (eg, blackouts, hangovers) over the
last 3 months (responses. 0=noneto 3=morethan 5times). Note
that we modified the BYAACQ by removing 2 items that are
not frequently endorsed (ie, “My physical appearance has been
harmed by my drinking” and “1 have felt like | needed a drink
after I'd gotten up [that is, before breakfast]”); we substituted
2 additional questions adapted from the original Young Adult
Alcohol Conseguences Questionnaire (ie, “1 have damaged or
lost property after drinking” and “I have gotten into physical
fights because of drinking”) [121,122].

Condition Engagement and Sentiment Analysis

Measures of intervention engagement include counts of
engagement data (eg, posts, status, comments to others' posts,
likes/shares). We expect that engagement level will mediate
drinking outcomes, in that those who were more engaged in the
intervention may respond more positively to the intervention.
To examine characteristics of engagement, we will conduct
sentiment analysis using software to code valance and arousal
(eg, Dictionary of Affect in Language, Affective Norms for
English Words) [94,95]. When initidly starting the study, we
considered using third-party applications to collect these data;
however, our IRB did not allow for storing participant identities
on third-party servers. Thus, we devel oped our own automated
software application housed on our internal servers to count
each user’s likes/reactions, status updates, shares, replies, and
comments to monitor engagement (and to assist in calculating
incentive payments in the SMI+l condition) and to code
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sentiment within secret groups. However, midway through the
study, Facebook restricted access to our program and all other
third-party applications to secret groups. Therefore, study staff
hand coded engagement to provide weekly incentives to
participants in the SMI+l condition. To complete sentiment
analyses (eg, code valence and arousal) and calculate
engagement totals, we are currently revising our automated
software application to code group conversations.

I ntervention Acceptability and Perceived Helpfulness

At the 3-month follow-up, as done in prior work [123],
participants were asked to rate perceived helpfulness of
interactions with Facebook groups and e-coaches and the 8
weekly intervention topics. Example items include, “How
helpful wasit to interact with other peersin the group?’ and “I
felt the e-coaches understood me,” with response optionsranging
from not at all to extremely. The SMI+l condition received
additional questions to assess the perception of incentives for
engagement. Finally, the 12-month survey asked participants
how many friends they made from the group that they still keep
in touch with, with response options ranging from none to 21
or more.

Secondary Outcomes of Other Drug Use

Several measures were collected at baseline and follow-ups,
which may be used to explore the impact of the interventions
on other drug use as a secondary outcome. First, the TLFB
described earlier also assessed past 30-day daily cannabis use.
In addition, we made minor modifications to items from the
Tobacco, Alcohol, Prescription medications, and other Substance
tool to query other substances used in the past 3 months [124].

Statistical Analysesfor Primary Aims

We will use generalized linear mixed models (GLMMs) to
examine treatment effects and changes in the dependent
measures (for both primary and secondary outcomes). We chose
GLMMs for 2 primary reasons. (1) GLMMs adjust for
correlations between data points (eg, repeated measurements
on individuals); and (2) within GLMMs, one can retain
participants who do not complete al follow-up assessmentsin
analyses. As the primary outcome variable, alcohol
consumption, is unlikely to have normally distributed errors
and is effectively integer valued, the Poisson distribution,
allowing for overdispersion [125], is a natural choice. This
assumption will be scrutinized, and, as needed, modifications
(eg, zeroinflation) [126] and aternative familiesof distributions
(eg, negative binomial) will be considered. For modelstreating
level of interaction, quantified by engagement metrics, as the
dependent variable (aim 2), we do not have any a priori
judgments about the appropriate distributional family, and this
will be assessed based on the observed distribution. Our initial
choice will be the Gaussian (normal) distribution. In all cases,
we will implement an intent-to-treat analysis [127]. Analyses
pertaining to secondary outcomes of other drug use will be
conducted in parallel manner to the primary outcomesanalysis.

Aim 1: Develop and Test the Efficacy of I ntervention
Conditions (Social Media I ntervention With I ncentives
and Social Media I ntervention Only) Compared With
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Controal, in Reducing Alcohol Consumption and
Alcohol-Related Consequences

Hypothesis

Compared with the control group, the intervention conditions
will have significantly less alcohol use and consequences.

Statistical Analysis

We will assess intervention effects at 3-, 6-, and 12-month
follow-ups using the bivariate analyses comparing the 2
intervention conditions to the control condition. We will then
examine treatment effects using a Poisson GLMM to account
for correlations between repeated measurements. If preliminary
bivariate analyses suggest that the effect of the intervention may
vary over time, we will model an interaction of intervention by
time.

Aim 2: Compare the I ntervention Conditions (Social
Media I ntervention With I ncentives and Social Media
I ntervention Only) in Participant Engagement and
Efficacy in Reducing Alcohol Consumption and
Alcohol-Related Consequences at Follow-Up

Hypotheses

Compared with participants in the SMI condition, participants
in the SMI+l condition will have (1) greater levels of
involvement and (2) have significantly less alcohol use and
consequences.

Statistical Analysis

As mentioned earlier, we will assess intervention effects at 3-,
6- and 12-month follow-ups using bivariate analyses and also
examine the distribution of outcome variables. We will then
examine intervention effects over the study using a Poisson
GLMM to account for correlations between repeated
measurements and an indicator for the intervention group
(SMI+l and SMI). As mentioned earlier, we will examine
interaction effects as appropriate, including intervention by
time.

Aim 3: Examine How the Level of Engagement in

I ntervention Conditions and Characteristics of
Engagement Relate to Alcohol Use Outcomesin the 2
I ntervention Conditions

Hypothesis

Participants in the intervention who have more frequent
engagement and more positive valence and arousal will have
significantly less alcohol consumption and consequences over
12 months of follow-up than participants with less interaction.

Statistical Analysis

We will examine the level of intervention involvement (eg,
number of posts) and valence/larousal from the 8-week
intervention period as predictors of alcohol outcomes at 3, 6,
and 12 months using GLMMs. We will conduct sensitivity
analyses by stratifying models by intervention condition. We
will create graphs of the outcomes by treatment group to inform
how potential variation in the effect of the intervention
conditions on the outcome over time is examined in GLMMs
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(eg, consider interaction terms of condition with time that test
for linear or quadratic increases or decreases in effect size over
time).

Sample Size for Primary Aims

Power was estimated based on an N value of 900 and
approximately 75% follow-up rate (conservatively based on our
team’s prior acohol brief intervention, which had >80%
compliance with interventions and foll ow-ups over 12 months)
[62], which does not take into account imputations and other
strategies for handling missing data without reducing sample
size. All power analyses were conducted using G* Power 3.1.7.
software and assumed a two-sided test with an apha of .05.
Although we conservatively estimated effect sizes based on the
brief intervention literature, we hope that the 8-week
intervention period will enhance effect sizes. Although wewere
not able to locate software for calculating power for GLMMs,
we estimated power assuming one follow-up and using
traditional statistical tests and anticipate that the greater number
of observations will be partially offset by correlation of
observations within participant, resulting in similar power. For
aim 1, we estimated that we will have >80% power to detect an
11.1% difference between intervention and control groups on
alcohol consumption and a12.5% in alcohol consequences. For
aim 2, we estimated we will have >80% power to detect al cohol
consumption that is 11.3% lower in the SMI+| group than the
SMI group. For aim 3, we estimated we will have >80% power
to detect intervention engagement as a continuous variable
predicting areduction in a cohol consumption and consequences.

Results

Recruitment for the RCT began on January 5, 2017, and was
completed on April 20, 2019, with 10 waves of recruitment to
enroll the final sample. Across all waves, 11,914 individuals
self-administered the web-based screening survey, and we sent
baseline invitations to 1541 participants who screened positive
onthe AUDIT-C and passed initia verification processes. There
were 1015 participants who completed the baseline survey;
however, 46 individuals did not send a selfie for verification,
8 did not pass selfie verification procedures, 4 indicated they
were too busy to join the study, and 2 timed out (did not
complete all baseline procedures by group start). Thus, atotal
of 955 completed all baseline procedures (survey and selfie
verification) and were randomized to one of 3 conditions: SMI+I
(N=321), SMI (N=321), and attention control (N=313). The
8-week groups were completed in June 2019, and follow-up
assessments are ongoing.

Therewere atotal of 5 User Safety Agreement violationsduring
the course of the groups, which resulted in removing apost and
reminding participants of this agreement (eg, a public post to
the group and/or private message). These violationsincluded 1
individual posting an advertisement for abusiness, 1 individual
posting a personal fundraising page, 1 individual posting a
disturbing image, 1 individual using derogatory language
regarding mental health, and 2 individual s arguing about palitics
that included swearing and name calling.
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Discussion

Although social media has been used to deliver interventions
addressing other health behaviors [80-82,86], this RCT is one
of the first to examine the efficacy of SMIs to reduce risky
drinking among adolescents and emerging adults. Given the
popularity and daily use of social media among young people
[55,56], our intervention capitalizes on a highly used medium
that is already routinely a part of their daily lives, unlike prior
computerized interventions or al cohol-specific smartphone apps.

Bonar et d

to studies of HIV risk reduction [88], our interventions harness
the Facebook feature of secret groupsthat preserve privacy and
facilitate group interaction with other participantsin real time,
catalyzed by e-coaches who post dynamic content daily. The
incentive condition harnesses participants to engage with other
participants, which will provide interesting comparison with
the nonincentivized intervention condition. In addition, unlike
many prior acohol interventions, which ignore concomitant
other drug use, our intervention primarily addresses alcohol
while also addressing the use of other drugs and associated

health consequences (eg, injury, impaired driving, overdose
prevention). Future papers will examine the efficacy of these
innovative SMIs, which could have a significant public health
impact by altering the alcohol use trajectories of adolescents
and emerging adults.

Furthermore, addressing limitations of prior expensive computer
applicationsthat use software that quickly becomes out of date,
these SMIs alow for ease of integration into common Web
applications by nontechnical staff to facilitate sustainability.

The study protocol described here creates a recipe for future
SMIs, asapplied to early interventionsfor substance use. Similar
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Abstract

Background: The prevalence of mental disorders worldwide is very high. The guideline-oriented care of patients depends on
early diagnosis and regular and valid evaluation of their treatment to be able to quickly intervene should the patient’s mental
health deteriorate. To ensure effective treatment, the level of experience of the physician or therapist is of importance, both in
theinitial diagnosis and in the treatment of mental illnesses. Nevertheless, experienced physicians and psychotherapists are not
available in enough numbers everywhere, especially in rural areas or in less developed countries. Human speech can reveal a
speaker’'s mental state by altering its noncontent aspects (speech melody, intonations, speech rate, etc). Thisis noticeablein both
the clinic and everyday life by having prior knowledge of the normal speech patterns of the affected person, and with enough
time spent listening to the patient. However, this time and experience are often unavailable, leaving unused opportunities to
capture linguistic, noncontent information. To improve the care of patients with mental disorders, we have developed a concept
for assessing their most important mental parameters through a noncontent analysis of their active speech. Using speech analysis
for the assessment and tracking of mental health patients opens up the possibility of remote, automatic, and ongoing evaluation
when used with patients' smartphones, as part of the current trends toward the increasing use of digital and mobile health tools.

Objective: The primary objective of this study is to evaluate measurements of participants mental state by comparing the
analysis of noncontent speech parametersto the results of several psychological questionnaires (Symptom Checklist-90 [SCL-90],
the Patient Health Questionnaire [PHQ], and the Big 5 Test).

Methods: In this paper, we described a case-controlled study (with a case group and one control group). The participants will
be recruited in an outpatient neuropsychiatric treatment center. Inclusion criteriaare aneurological or psychiatric diagnosis made
by aspecialist, no terminal or life-threatening illnesses, and fluent use of the German language. Exclusion criteriainclude psychosis,
dementia, speech or language disorders in neurological diseases, addiction history, a suicide attempt recently or in the last 12
months, or insufficient language skills. The measuring instrument will be the VoiceSense digital voice analysistool, which enables
the analysis of 200 specific speech parameters, and the assessment of findings using psychometric instruments and questionnaires
(SCL-90, PHQ, Big 5 Test).

Results: The study isongoing as of September 2019, but we have enrolled 254 participants. There have been 161 measurements
completed at timepoint 1, and atotal of 62 participants have completed every psychological and speech analysis measurement.

Conclusions: It appears that the tone and modulation of speech are as important, if not more so, than the content, and should
not be underestimated. Thisis particularly evident in the interpretation of the psychological findingsthusfar acquired. Therefore,
the application of a software analysistool could increase the accuracy of finding assessments and improve patient care.

Trial Registration: Clinical Trials.gov NCT03700008; https://clinicaltrials.gov/ct2/show/NCT03700008

International Registered Report Identifier (IRRID): PRR1-10.2196/13852
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Introduction

Human L anguage

Human language is a fundamental ability which, in addition to
social interaction, primarily serves the exchange of feelings;
however, in the sense of an inner dialogue, it also serves as a
means of self-perception and self-reflection [1]. Thisestablishes
arelationship between pure content as an expression of cognitive
performance and emotional content in the sense of affective
meaning. This close connection between emotion and cognition,
especially with language and speech, has been scientifically
researched within the framework of relational frame theory for
many years[2]. Human language as aform of expression, with
human listening on the other side, has been the basis of
professional therapeutic support for mental disorders for more
than 100 years [3,4]. The recent treatment developments
regarding linguistic and psychologica research in relational
frame theory have been acceptance-based treatments, such as
acceptance and commitment therapy [5].

Duetotheincreasing global frequency of mental disorders, their
safe detection and treatment is very important. According to
World Health Organization calculations [6], depression alone
will be the second greatest burden of disease in the world in
2020. Other mental disorders, such as neurodevel opmental
disorders (attention deficit hyperactivity disorder [ADHD],
autism spectrum disorders, etc [7,8]) or personality disorders
[9], which have been increasing in recent years, also cause
significant individual stress and have a societal impact due to
theloss of potential productivity and treatment costs[10]. Early
detection and treatment of mental disordersis, therefore, amajor
factor in preventing these problems, as is the avoidance of
deterioration. However, there is currently no objective, ideal
physiological parameter available for this task.

Since the 1990s, attempts have been made to determine the
emotional state of a speaker by analyzing the content of their
speech and the linguistic structure [11]. There have been positive
results thus far, with high specificity and sensitivity in some
subjects when using suitable parameters, like in cases where
depressive disorders have been detected [12-14]. As a resullt,
there has been intensive development in the automation of such
analyses, with continuing positive results[14]. However, so far
dissemination of such analyses, such asin the early detection,
diagnosis, or assessment of mental disorders, has not occurred
in broad clinical practice but has been described in afew single
cases[15,16]. Thereasons for this may be complex, but it may
be due to the high technical effort required to perform these
analyses that have led to them not being well reflected in
outpatient care practice[17]. Also, resentment against machine
diagnosis or very technical measurements may have played a
role that should not be underestimated. Finally, the diagnostic
and prognostic validity of such measures still needsto be proven.

https://www.researchprotocol s.org/2020/5/€13852

In the last decade, electronic assistants have taken up
considerable space in all areas of life, first through
computerization and later via smartphones [18]. In medicine,
and especialy in psychiatry and psychotherapy, numerous
programs, online tools, and coaching applications are now
available and have seen increasing acceptance [19]. At the same
time, the technical effort that needs to be expended to create a
high-quality, medically or psychologically useful application
for useintheclinic hasdecreased [20,21]. The applicationsthat
can be implemented in this way are even more complex and
extensive than previously thought possible. It may, therefore,
make senseto use these new technical possibilitiesand examine
whether the analysis of language, especially the noncontent
aspects (eg, speech flow, speech melody, expression), can be
used by a differentiated algorithm to assess the mental state of
asubject. It is possible that they could also measure the course
of mental illness, the quality of life of patients with chronic
mental illnesses, and patients well-being [22].

The study presented here uses a noncontent linguistic analysis
algorithm developed by VoiceSense, a company specializing
in prosodic speech analysis, which links speech patterns to
behavioral tendencies. The analysis is commercialy used for
personal risk assessment by banks and insurance companies,
for candidate assessment by human resources companies, and
customer analytics by enterprise call centers. The current study
would provide a structured setting for the differentiated
evaluation of psychopathological factors (effects, personality
aspects, psychomotor factors, etc) by this speech pattern
analysis.

Resear ch Objectives

The primary objective of this study is to evaluate the
measurements of the mental state of the participants by
comparing the analysis of noncontent speech parametersto the
results of several psychological questionnaires (Symptom
Checklist-90 [SCL-90], the Patient Health Questionnaire [PHQ)],
and the Big 5 Test). We hypothesized that the emotional state
of mind, the behavioral patterns, the well-being, and some of
the personality traits of the participants could beidentified using
the prosodic analysisalgorithm. A second hypothesisisthat the
diagnosis could be confirmed by the application of the analysis
program, and a distinction can be made between different
psychopathol ogically-defined syndromes.

Methods

Participants

A total of 166 outpatients will be recruited in one center
(Neuropsychiatric Center of Hamburg), following theinvitation
of their treating physician or psychotherapist, to use a new
method to measure their mental state and distress. Inclusion and
exclusion criteriafor the study are listed in Textbox 1.
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Textbox 1. Inclusion and exclusion criteria.
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Inclusion criteria:

« A regular outpatient with amental disorder or neurological disease
«  Native German speaker

o Aged 18-65 yearsold

« Ingood general health (absence of cancer, acute myocardial infarction, unstable angina, severe cardiac arrhythmia, recent cerebrovascular incident,

or severe atherosclerosis).

Exclusion criteria:

«  Schizophrenia

« Dementia

«  Current or recent (lessthan 1 year) history of alcohol or drug abuse

o Current or recent (less than 1 year) history of suicide attempts

«  Other significant comorbidities according to the Investigator’s clinical assessment (eg, cancer, acute myocardial infarction, unstable angina,
severe cardiac arrhythmia, recent cerebrovascular incident, or severe atherosclerosis).

For the exclusion criteria, both schizophrenia and dementia
have shown indications that a patient's speech patterns are
influenced by these disorders. Therefore, we decided to consider
these two groups of patients separately in afuture study to see
whether there is a comparable difference to the genera
population on a content-free linguistic level.

Linguistic Algorithm and Recording System

Audio Collection

Speech utterances of the subjects will be sampled using the
VoiceSense mobile app, which will be installed on the tablets
(BENEVE Co, 10.1-inch screen, 32 gigabytes of memory,
Android version 7.0) of the research examiners. Therecordings
will be taken over 1-3 separate sessions throughout the study:
theinitial interview, thefirst foll ow-up session after 2-4 weeks,
and the second follow-up session after another 2-4 week period.
In each of those sessions, the research examiners will activate
the app by logging into it with a dedicated username and
password that was prepared in advance for each subject (the
username and password do not reveal the subject’'s
identification). The app then presents 9 general questions (eg,
“Please describe in a few sentences how was your day
yesterday”). The subject presses record and answers, and when
finished they will press stop and the app will present a second
question for the subject to answer. The app will count the
recorded time to verify that at least 120 seconds are recorded,
but if after nine answersthereisstill not enough recording time
then the app will present an increasing number of questionstill
the time requirement is met. Once enough speech is recorded,
the app will send the recorded audio to the VoiceSense cloud
server for analysis. The content of the subject’s answersis not
important for the analysis, therefore, the questions are designed
in a general manner to enable collection of the natural speech
patterns of the subjects. The recordings will be donein a quiet
room in the Neuropsychiatric Center Hamburg, which is
reserved for diagnostic purposes. The examiner will leave the
room while the recording is done, to make the subjects feel
more comfortable and to not influence their free speech.

https://www.researchprotocol s.org/2020/5/€13852

Speech Analysis

The audio that will be sent to the server will be analyzed using
VoiceSense proprietary speech analysis. Thisanalysis produces
raw data of over 200 prosodic parametersfor each call. Theraw
data parameters will be sent back to the research center for the
statistical analysis, with a sampling frequency of 8 kilohertz.

VoiceSense speech analysis focuses on speech prosody, the
noncontent aspects of the speech, such as intonation, pace,
stressing, and other aspects. The analysis is language
independent and has been tested successfully in many languages
(different European languages, different Asian languages, etc).
The analysis was validated versus various personality tools,
such as Big 5 [23], Holland [24], Hogan [25], WPI [26], and
linked speech patterns (clusters of the raw speech parameters)
with the personality scales as measured by these tools. The
analysis is based on severa granted patents regarding
measurement of emotional state[27] and behavioral tendencies
[28] through speech analysis. This proprietary speech anal ysis
isthe basis for commercia productsin the fields of enterprise,
big data analytics, customer analytics, human resources, and
others.

Study Design and Data Protection

This study is a case-controlled study with a case group and a
control group to identify the best target population for measuring
speech patterns with the VoiceSense app. We adhered to the
Consolidated Standards of Reporting Trials (CONSORT)
guidelinesin the design of thetrial.

Inthefirst step, the participantswill be grouped by the physician
or psychotherapist into a control group (participants without
mental disorders) or a case group (participants with mental
disorders). All participantswill provide written informed consent
after being given detailed information by the treating therapist
or physician. The original forms will be stored in a closed
cabinet, but the participants will receive a copy. Second, they
will receive apseudonymized |abel for the blinded inhouse-rater
to work with the questionnaires, and for the data center for the
speech-analysis. Neither the rater nor the data center will know
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the name and diagnosis of the participant. Data security and
availability will be ensured every time, according to the
European Union (EU) rules[29]. The participants datawill be
stored in a MySQL-Database. Within the project database,
identifying data will be stored separately from the collected
data, with only project staff with specifically conferred access
rights able to access the identifying data. It is envisioned that
the distribution of participants will correspond to the clinical
distribution in the Neuropsychiatric Center with different
degrees of severity of mental disorders (about 25% mild, about
50% moderate, about 25% severe). This should be checked by
the study nurse every 2 weeks.

For documentation purposes, the presence or absence (in the
case of neurological outpatients) of any psychiatric diagnosis
will be screened using the PHQ-D [30]. Personality traits will
then be measured with the Big 5 Test [23]. Inthe case of ADHD,

Tonnetd

we added a Visual Analogue Scale (ADHD-VAS) to identify
the three main affective states (impulsivity, inattention, and
hyperactivity). Thiswill be done at baseline only.

At baseline, at follow-up one (2-4 weeks after baseline), and
follow-up two (2-4 weeks after follow-up 1), participants will
be measured for mental distress using the SCL-90 [31]. They
will then be asked to freely answer nine standardized questions,
with a few sentences per question. These answers will be
recorded for evaluation. If lessthan 120 seconds of free speech
ispossible, three more standardized questions will be asked and
the answers to these will aso be recorded. The recorded
sentenceswill then be sent to the server to carry out the prosodic
analysis. The results of the questionnaires and the results of the
prosodic analysis will be stored in the patients’ records on file.
Figure 1 shows the flow chart of the study.

Figure 1. Fowchart of the study protocol. PHQ-D: Patient Health Questionnaire. B5T: Big 5 Test. ADHD-AS: attention deficit hyperactivity

disorder-visual analogue scale. SCL-90: Symptom Checklist-90.
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Statistical M ethods

It should be possible for the study team to evaluate the efficacy
and effectiveness of the raw datafrom the linguistic analysisin
correlation with the clinical data collected with the
questionnaires. All statistical tests will be two-tailed and will
be considered statistically significant at P<.05. A sample size
of 166 subjects was calculated (effect size medium=0.30;
alpha=0.05; 1-beta=0.95), and considering a drop-out rate of
15%, atotal sample size of 190 patients was determined.

Statistical analysiswill be performed with R version 3.5.3 (The
R Project, Vienna, Austria), and epidemiological data will be
evaluated. Continuous variableswill be described with the mean,
standard deviation, median, minimum, maximum, and the 25th
and 75th percentiles. Categorical variables will be described
with percentages and absolute frequencies. The differencesin
continuous variables between the two groups will be evaluated
with the Kruskal-Wallis test, followed by the Dunn multiple
comparison test. The differences between the two diagnostic
groups (psychiatric versus neurological diagnosis) for normally
distributed data will be evaluated with a one-way analysis of
variance (ANOVA), followed by the Newman-Keuls multiple
comparison test. The normality of the distribution will be
evaluated with the Kolmogorov-Smirnov test. Any correlation
between the variables under evaluation will be assessed by the
Spearman r correlation. To compare qualitative data, we will
use the Chi-sguare test with the Yates correction or the Fisher
exact test. Lastly, the variables will be grouped to their
diagnostic groups according to the 10th edition of the
International Statistical Classification of Diseases and Related
Health Problems or the fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders, and a confirmative
factor analysis will be done comparing these groups with the
prosodic parameters.

Ethics Approval

This study protocol has been approved by the ethical committee
of the Neuropsychiatric Center under the Declaration of
Helsinki. Written informed consent will be collected from the
participants before they will be included in the study.

Conflictsof Interest
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Results

The study isongoing as of September 2019, and as of this date,
we have enrolled 254 participants. The dropout rate has been
acceptable, with 161 participants having thus far completed
every questionnaire and the speech analytical measurements at
time point one. Overall, 67 participants have reached time point
two and 62 participants have reached the end of the study. We
believe we can close recruitment and start final statistical
calculations by November 2019.

Discussion

The prevalence of mental disorders has increased in recent
decades, and thus their importance in society has also grown.
This can betraced back to the reduced stigma surrounding them
and the associated growing acceptance, aswell asto agrowing
social awareness of the problem. Undoubtedly, early detection
in the development of mental illness, as well as adequate
follow-up for relapse prevention, is one of the most important
toolsin reducing the burden of diseasefor theindividual aswell
asfor society. If the use of linguistic analysis, in the presented
form of an app or as an online tool, can enable the possibility
of validating the emotional state and behavioral patterns of a
patient, this screening could be used for an initial assessment.
Also, due to its low threshold of access, it could end up
providing valuable support for those who might not otherwise
be able to access any assessment.

Theimportance of linguistic parametersfor the detection of the
emotional or behaviora state of a patient has been proven in
the light of previous literature, at least for patients with
depressive disorders. However, the analyses carried out with
content-free voi ce recordings have thus far been associated with
ahigh level of technical and personnel expenditure. This study
wants to examine whether mental distress measured by voice
analysis compared with standard questionnaires could be an
appropriate tool with validated results, and also whether other
mental disorders have specific linguistic patterns (in addition
to patients with depression) which could differ from each other.

YD, SH, and AK were involved in the production of the VoiceSense digital analysistool.
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Abstract

Background: Web-based health interventions may be easier to access and time efficient relative to face-to-face interventions
and therefore may be the most appropriate mode to engage young adults.

Objective: Thisstudy aimsto investigate theimpact of 3 different level s of personalized web-based dietary feedback and support
on changesin diet quality.

Methods: The Advice, Ideas, and Motivation for My Eating (Aim4Me) study is a 12-month assessor-blinded, parallel-group
randomized controlled trial evaluating theimpact of 3 levels of web-based feedback on diet quality, measured using the Australian
Recommended Food Score (ARFS). Participants (N=2570) will primarily be recruited via web-based methods and randomized
to 1 of 3 groups. Group 1 (control) will receive the Healthy Eating Quiz, a web-based dietary assessment tool that generates a
brief feedback report on diet quality. Individuals randomized to this group can use the brief feedback report to make positive
dietary changes. Group 2 will receive the Australian Eating Survey, a web-based dietary assessment tool that generates a
comprehensive feedback report on diet quality as well as macro- and micronutrient intake. Group 2 will use the comprehensive
feedback report to assist in making positive dietary changes. They will also have access to the Aim4Me website with resources
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on healthy eating and toolsto set goals and self-monitor progress. Group 3 will receive the sameintervention as Group 2 (ie, the
comprehensive feedback report) in addition to a tailored 30-min video consultation with an accredited practicing dietitian who
will usethe comprehensive feedback report to assist individual sin making positive dietary changes. The self-determination theory
was used as the framework for selecting appropriate website features, including goal setting and self-monitoring. The primary
outcome measureischangein diet quality. The completion of questionnairesat baselineand 3, 6, and 12 monthswill beincentivized

with amonetary prize draw.

Results: Asof December 2019, 1277 participants have been randomized.

Conclusions:

The web-based delivery of nutrition interventions has the potential to improve dietary intake of young adults.

However, the level of support required to improve intake is unknown.

Trial  Registration: Australian  New

Zealand

Clinical Trials Registry ACTRN12618000325202;

https.//www.anzctr.org.au/Trial/Registration/Trial Review.aspx 7d=374420

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(5):€15999) doi:10.2196/15999

DERR1-10.2196/15999

KEYWORDS
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Introduction

Background

In Australia, young adults (aged 18-24 years) are gaining weight
and at a faster rate than any other adult age group [1,2], with
31.5% [3] affected by overweight or obesity. Studies report
weight gain of around 0.5 kg to 1 kg (1-2 Ibs) per year over a
5- to 10-year period in young adults[4-6]. Becoming overweight
or obese at ayoung age increases the risk of nhoncommunicable
chronic diseases, including metabolic syndrome, type 2 diabetes,
cardiovascular disease, and specific cancers[7].

Diet quality is currently poor among young adults [8], with the
high consumption of sugar-sweetened beverages (SSBs) and
low intake of fruit and vegetables [3]. Discretionary foods
(predominantly SSBs, acohol, and takeaway and convenience
foods) account for over one-third of tota energy intake in
Australia[9]. Globally, similar patterns of dietary intake have
been observed, with young adults having the lowest diet quality
[10]. Dietary patterns also differ by income status and ethnicity
acrossregions[11], but when comparing the diet quality of low-
and high-income countries, young adults still have the poorest
diet across income levels [11]. Poorer diet quality is linked to
poor physical and mental health [12-14], and considering that
the dietary habits of young adults have been shown to track
throughout life when disease risk is higher [15], intervening
during young adulthood is crucial [16].

Young adults are faced with multiple life-stage challenges,
including moving out of or away from home, commencing study
or employment, developing new socia interactions or
cohabitations, and increased independence and financial
responsibilities [2]. These changes can interfere with the
adoption of healthy eating behaviors. Young adults reported
the following key barriers to eating healthy: lack of time
(because of balancing work, study, and a social life); lack of
skills and knowledge to plan, shop, prepare, and cook healthy
foods; relative low cost and availability of less healthy foods;
peer influences and lack of motivation to eat healthy; and
competing priorities [2,17,18]. Strategies to help overcome
these barriers are required, and because of the unique
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characteristics of this group and the challenge with reaching
and engaging them in health behavior change, an appropriate
set of strategies for this age group needs to be selected. The
self-determination  theory (SDT) supports self-directed
motivation by satisfying an individual’s need for autonomy,
perceived competence, and rel atedness and focuses on the extent
to which behaviors are self-initiated (autonomous) versus
influenced by external factors (external motivators) [19]. At the
center of the Behavior Change Wheel framework is a system
comprising 3 key factors that influence behavior change:
capability, opportunity, and motivation (COM-B) [20]. It
provides a framework for selecting appropriate intervention
strategies, such as goa setting, tracking, and action planning,
which are essential for building long-term positive behavior
changesin young adults. A recent review reported that the most
frequently used behavior change techniques for improving the
dietary intake of young adultsincluded goal setting and feedback
on behavior [21]. Goal setting includes setting or agreeing on
a goal, defined in terms of the behavior to be achieved (eg,
increase serves of fruit by one serve per day). Feedback on
behavior is where goals and behaviors are monitored and
informative or evaluative feedback is provided on the
performance of the behavior (eg, frequency or quantity of intake
of fruit) [22]. Interventions including behavior change
techniques have been shown to be more effective at improving
dietary intake compared with those without [21].

Beyond the selection of appropriate strategies, interventions
targeting young adults need to consider the ideal mode of
delivery for optimal engagement. The uptake of web-based
technologiesto support healthis still increasing in young adults,
and web-based technologies continue to evolve to meet this
demand. Websites offer aplatform for information delivery via
various modes, including written, audio, and video, and
advances in technology allow web-based programs to be
accessed via mobile devices, such as smartphones [23].
Additional benefits of web-based interventions include greater
reach in terms of geographical location and population groups
and the ability to maximize the collection of complete data[23].
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The Advice, ldeas, and Motivation for My Eating (Aim4Me)
study aims to recruit young adults and provide nutrition
interventions with varying levels of feedback, nutrition
education, goal setting and tracking, and interaction with a
dietitian in aweb-based environment. The extent to which these
types of interventions can successfully recruit, engage, and
effect positive dietary change in this population has not been
investigated.

Aim

Thus, the primary aim is to investigate the impact of 3 levels
of personalized dietary feedback and support on changesin diet
quality, as measured by the Australian Recommended Food
Score (ARFS). The secondary aim isto investigate intervention
reach, participant engagement, retention, satisfaction, and
cost-effectiveness.

Methods

Study Design

AimdMe is a 12-month assessor-blinded, parallel-group
randomized controlled trial assessing the impact of varying
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levels of web-based feedback on diet quality. The study is
approved by the University of Newcastle Human Research
Ethics Committee (H-2017-0087). This study was prospectively
registered with the Australian New Zealand Clinical Trials
Registry and is consistent with the Consolidated Standards of
Reporting Trials guidelines (ACTRN #12618000325202) [23].
The study was performed in accordance with the Declaration
of Helsinki. All patients enrolled in the study provided written
consent.

Participants (N=2570) will be recruited nationally across
Australia. After informed consent and basdline data are
collected, eligible participants will be randomized to 1 of 3
groups (Figure 1). Group 1 will receive a brief feedback report
on their current dietary intake, whereas groups 2 and 3 will
receive a comprehensive personalized feedback report on their
usua intake as well as get access to the study website. Group
3 will also be offered a 30-min video consultation with a
dietitian.
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Figure 1. Study flowchart. Aimdme: Advice, Ideas, and Motivation for My Eating.
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Participants

Recruitment and Setting

A total of 2570 young adults (aged 18 to 24 years) will be
recruited across Australia using multiple strategies. Given the
target age group, a large focus of the recruitment is on using
social media platforms, including Facebook, Instagram, and
Twitter. An Aim4Me account will be created for each of these
platforms, and specific posts suitable to each of the platforms
will be developed. Paid Facebook advertising will also occur
[24], delivered by institutional marketing and media teams.
Study information and links to social media accounts will be
shared on the websites of universities and research institutes.
Flyerswill bedistributed around universities and to professional
organizations and communities aimed at young adults and
student associations, with requeststhat they advertise and share
study information on their social media platforms, websites, or

http://www.researchprotocols.org/2020/5/e15999/

RenderX

email lists. In addition, study information will be disseminated
using local and national mediarel eases viaprinted newspapers,
magazines, and radio stations. A snowball method, in which
individualswho visit the Aim4M e website will be ableto share
thelink with their colleagues and friends via Facebook, Twitter,
or email, will also be used. Finally, email campaigns will be
distributed to contactswho have previously signed up to receive
notifications of nutrition-related research studies through
members of the research team.

Through each strategy, interested individuals will be directed
to astudy website to accessinformation about what participation
entails, check their eligibility, and provide informed consent,
if eligible and interested.

Screening and Baseline Assessments

Potential participants will complete a web-based screening
survey to determine whether they meet the eligibility criteria
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Once deemed €ligible, they will register their contact details
and provide informed consent to participate in the research. A
confirmation email will be sent to the address specified by the
participant with their log-in detail s and password, alowing them
to access the participant portion of the study website and
commence the baseline assessment questionnaires. Email and
text reminders will be sent to registered participants on an
automated schedule if they have not completed the baseline
assessments post screening and consent.

Inclusion Criteria

Eligibility criteria include being aged 18 to 24 years, residing
in Australia, computer/internet access, self-reported BM| 218.5
kg/m?, not pregnant or planning pregnancy in the next year, no
medical conditions, and no diagnosis of current or previous
eating disorder. Participants with medical conditions, such as
type 1 diabetes or Crohn’s disease, who require specific nutrition
advice, will be advised to visit their general practitioner to obtain
medical clearance before participating in the study.

Randomization

Eligible participants will be randomly alocated (1:1:1) to a
control group or 1 of 2 intervention groups. Randomization will
occur in permuted blocks using random blocks of varying size
and be stratified by postcode location (using the Monash

Modified Model) [25], sex, and BMI (18.5-24.9 kg/m? vs 225

kg/m?). Randomization will be coded by an independent
statistician who will provide the coding to the software
devel opersto program the web-based environment. Theresearch
team will remain blinded to the randomization code.

Interventions

The intervention components are based on SDT, which focuses
on the extent to which behaviors are self-initiated (autonomous)
versusinfluenced by external factors (external motivators) [19].
SDT supports self-directed motivation by satisfying an
individual’'s need for autonomy, perceived competence, and
relatedness. Autonomy will be satisfied by providing
opportunities for participants to choose their own goalss, reflect
on progress and revise goals, access a range of resources that
they self-select, and choose their level of engagement with the
website. For Group 3, engagement with the dietitian will
reinforce the importance of nutrition relative to personal
motivators. The graphic design of the AimdMe website and
resource materials related to the motivatorsfor, and barriersto,
healthy eating among young adults. Website images, wording,
and content have been sel ected based on feedback from thisage
group. In groups 2 and 3, perceived competence will be
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addressed by the self-development of personalized goals and
regular self-monitoring of progresstoward these goalsto support
progressive and small behavior change toward healthy eating.

Healthy Eating Quiz Brief Dietary | ntake Feedback
Report (Group 1)

The Healthy Eating Quiz (HEQ) [26] will be available via a
link on the Aim4Me dashboard, which will direct Group 1 to
this intervention component outside of the website. The HEQ
isa5-minweb-based dietary assessment tool that provides brief
general feedback on current eating patterns and diet quality
using the ARFS [27,28]. Group 1 will have access to the brief
report to identify the key areas for improving diet quality (eg,
increase the variety of vegetableintake). These participantswill
have access to the HEQ throughout the study and will be
prompted to complete it at baseline and at 3, 6, and 12 months.

Australian Eating Survey Comprehensive Feedback
Report (Groups 2 and 3)

The Australian Eating Survey (AES) isan automated web-based
food frequency questionnaire (FFQ) that assesses usua dietary
intake in adults [29]. Following completion of the AES,
participants randomized to groups 2 and 3 will be provided with
a real-time comprehensive personalized feedback report that
compares usua dietary intake with Australian dietary
recommendations (percent energy from 5 core healthy food
groups and 10 energy-dense, nutrient-poor food groups) and
nutrient reference value targets (percent energy from protein,
fat, saturated fat, carbohydrate, daily gramsof fiber, 7 minerals,
and 5 vitamins) [30], based on age and sex. The report provides
feedback on diet quality, giving a total diet quality score and
scores for individual food groups. Participants will be
encouraged to set goals around improving diet quality.
Participants in Group 2 will receive the report but no further
support on the interpretation of the report or how to use the
report to set goals. Group 3 will be offered additional support
in the form of a video consult with an accredited practicing
dietitian (APD), which will focus on using thediet quality results
fromthe AESreport to set specific goals around improving diet
quality. The control group will also complete the AES to allow
measurement of changein the primary outcome (seethe Primary
Outcome Measures section) but will not receive the AES
personalized feedback report.

Advice, Ideas, and Moativation for My Eating Website

Participantsin groups 2 and 3 will have access to the AimdMe
websitefor 12 months (Textbox 1). Images of theweb interface
are provided in Multimedia Appendix 1.
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Textbox 1. Description of the components of Advice, |deas, and Mativation for My Eating website.

Personalized dietary feedback

. Anautomated (computer-generated) personalized feedback report on dietary intake will be available to access through the website

«  Thefeedback report will be provided at baseline and at 3, 6, and 12 months if the appropriate dietary assessment tool is completed. This will
alow the individual to compare their previous reports and self-assess change

Healthy eating resource materials

« A web-based resourcelibrary of evidence-based materialswill include linksto apps, articles, fact sheets, recipes and information related to healthy
eating, and targeting motivators and barriersto behavior change expressed by young males and females, for example, in relation to thekey barriers
of cost and time, the website will include resource tips on eating healthy on a budget, quick and easy meals, and budget recipes

o Other accessible content will include Theme of the month, which provides educational information on a new topic each month (eg, Love your
Heart is May content); Food, which provides short snippets of information on specific food groups, for example, how to eat more fruits and

vegetables; and Explore, which contains other useful information such as cooking tips, app suggestions, and recipes

Goal setting

«  Setting dietary goals—Participants set short-term goals based on feedback from their personalized dietary report and can either self-select from
predetermined generic goals that have been devel oped to target each of the food groups or write their own goal

«  Thefood groupsinclude vegetables and salad, fruit, dairy, breads and cereals, meat and aternatives, alcoholic beverages, fatty meats, sweetened
drinks, packaged snacks, confectionary, baked sweet products, fried and takeaway food, and spreads and sauces

« Thelisted generic goals have been designed as specific-measurable-achievable-realistic-timely goals

«  They can select up to 3 goalsto focus on at any one time

« At3and 6 months, they will be prompted by email and/or text message to revise and update their goal s after they have received their personalized

feedback report for intake over the preceding 3 months

Self-monitoring

«  Monitoring of dietary goals—Participants will be prompted by email and text message to self-monitor their goals by going to their dashboard
« Using a5-point scale from very poor to very good, participants will be asked to reflect on how well they did in achieving their goals and how

important their goal isto them (very important to not important)

«  Onthebasisof their responses, they will be provided with generic feedback, which will either direct them to update their goals or provide them

with information that will support them in achieving their goals

Video Consultation With a Dietitian (Group 3 Only)

Participants randomized to Group 3 will be encouraged to book
one web-based, personalized 30-min video consultation with
an APD, within 14 days of enrolling in the study. Participants
will be prompted via an automated email to book their
appointment on receiving their personalized feedback report.
This structured consultation session will entail areview of the
goalsthe participant has set based on the personalized feedback
report from the AES and assistance in setting personalized
strategiesto overcome self-identified barriersto healthy eating.
The resources used to streamline the personalization of the
session include abrief self-administered Personalized Nutrition
Questionnaire (PNQ) [31] and aPersonalized Nutrition Tool box
(PNT) of resources used by the dietitian to support intervention
strategies tailored to the characteristics of the population of
interest. The PNQ draws upon the Behavior Change Wheel
theory, which comprisesthe COM-B system [20]. In compl eting
the PNQ, participantswill be asked to self-identify and prioritize
18 factors (capability=7, opportunity=>5, and motivation=6) that
they perceive to affect their ability to achieve healthy eating.
The PNT is a dietitian resource that consists of intervention
strategies mapped out to each factor of the PNQ and the behavior
changetechniquesrequired to deliver theintervention functions.
The dietitian uses the individual’s PNQ responses to guide the
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selection of interventions from the PNT and personalize
associated strategiesto addressindividual goals. Each dietitian
was trained in the consultation protocol to ensure consistency
in consultation delivery.

Outcome M easures

Outcome measureswill be completed viathe Aim4Me website
at baseline and at 3, 6, and 12 months, along with a process
evauation (Multimedia Appendix 2). In addition to text message
and email reminders, participants may also receive afollow-up
phone call to prompt the completion of questionnaires at
follow-up time points.

Primary Outcome Measures

Diet Quality

Diet quaity will be measured using avalidated brief diet quality
index, the ARFS [27,29]. The ARFS uses a subset of 70
guestions related to core nutrient-dense foods recommended in
the Australian Dietary Guidelines [32]. The ARFS score is
calculated by summing the points within 8 subscales, with 20
guestions related to vegetable intake, 12 related to fruit, 13
related to protein foods (7 to meat and 6 to vegetarian sources
of protein), 12 related to breads/cereals, 10 related to dairy
foods, 1 related to water, and 2 related to spreads/sauces. The
total score ranges from O to a maximum of 73 points [33].
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Secondary Outcome Measures
Dietary Intake

Australian Eating Survey

Nutrient intake will also be assessed using the AES. The AES
is a 120-item semiquantitative FFQ, which has been validated
in adults, children, and adolescents [29,34]. The frequency of
food consumption for the previous 3 or 6 months (as specified)
is self-reported, using options ranging from never to 4 or more
times per day for foods and 7 or more glasses per day for
beverages. In total, 19 questions are related to vegetables and
11 arerelated to fruit, with separate questions about seasonality,
total daily number of fruit and vegetable serves, bread and
ceredls, dairy products, eggs, fat spreads, beverages, snack
foods, and discretionary items. An additional 12 questions are
related to food behaviors, such as the frequency of consuming
takeaway foods and eating whilewatching TV. Nutrient intakes
are computed using the Australian food composition database
to generate individual mean daily macro- and micronutrient
intake using food portion sizes derived from the Australian
Bureau of Statistics data[29].

Alcohol Intake

Alcohol consumption will bereported using the validated 3-item
Alcohol Use Disorders Identification Test-Consumption to
assess usual weekly alcohol consumption in grams[35].

Weight and Height/BM |
Weight and height will be self-reported as part of the web-based

assessment questionnaire and BMI calculated (kg/m?).
Web-based self-reported height and weight have been shown
to be relatively valid in relation to the measured height and
weight [36].

Quality of Life

Quality of life will be assessed using the 6-dimensional
Assessment of Quality of Life scale (AQoL-6D), which
examines 20 items across 6 domains of independent living,
relationships, mental health, coping, pain, and senses and
provides utility scoresthat can be used in economic evaluations
[37].

Self-Deter mination Factors

Self-determination constructs, including dietary self-regulation,
habit automaticity, perceived competence, and social support
related to healthy eating, will be measured. The Regulation of
Eating Behaviors Scale will be used to assess motivational
orientation toward regulating diet and reasons across 6
regulatory styles, with participants asked to what extent each
item correspondsto areason for regulation using a 7-point Likert
scale [38]. The Self-Report Behavioral Automaticity Index
measures a 4-item change in habitual behavioral patterns with
regard to learned, automatic responses to situational cues[39].
The Perceived Competence Scale is a 4-item questionnaire
assessing the degree to which participants feel confident about
being ableto make, maintain, or change participation in heathy
eating [40]. Socia support from family, friends, partners, or
significant others will be measured using the 12-item
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Multidimensional Scale of
guestionnaire [41].

Perceived Social Support

Covariates

Sociodemaogr aphic Char acteristics

Participants will be asked questions about their age, sex,
postcode, ethnicity, education level, employment and income
status, relationship status, living arrangements, and food security
at 3, 6, and 12 months.

Self-Reported Physical Activity, Sitting Time, and Sleep
Physical activity (PA) and sitting time during the previous 7
dayswill be self-reported using the 7-item Godin Leisure-Time
Exercise  (frequency and duration of time in
light/moderate/vigorous PA) [42] and the Marshall Sitting Time
Questionnaire, respectively [43]. The Epworth Sleepiness Scale
will be used to measure self-reported sleep [44]. This 8-item
scale measuresthe general level of daytime deepinessor average
dleep propensity in daily life [44].

Smoking

Two items will be used to measure smoking: (1) Do you
currently smoke any tobacco products? and (2) Would you have
smoked 100 or more cigarettes or equivalent tobacco in your
life? [45]. Moreover, 7-day abstinence will be measured at
follow-up: “Have you smoked at least part of a cigarettein the
last 7 days?’ [46].

Depression, Anxiety, and Stress

Participantswill compl ete the 21-item Depression, Anxiety and
Stress Scale, which is a set of 3 self-report scales designed to
measure the emotional states of depression, anxiety, and stress
[47]. Each of the 21 itemsin the scal e asks parti cipants to report
how much each item applied to them over the previous week
using 4 responses (never, sometimes, often, or almost always)
[47]. For example, “1 found it hard to wind down.”

Social Desirability and Approval

Social desirability and approval have emerged as sources of
bias in self-reporting of dietary intake [48]. Social desirability
will be measured using the 13-item Marlowe-Crowne Social
Desirability Scale [49] in which participants are prompted to
answer true or false to a number of statements concerning
personal attitudes and traits [49]. The Martin-Larsen Approval
Motivation Scale, a 20-item 5-point Likert scale, will be used
to measure social approval [50].

Social Influences on Food I ntake

The Social Eating Scale will be used to measure influences such
asculture, family, or peers on food intake, requiring participants
to select the appropriate response from 6 questions using a
5-point Likert scale [51].

Economic Measures

Thereis no basis for anticipating that health service utilization
will vary between trial arms as aresult of the interventions. As
a conseguence, health service engagement is assumed to be
randomized, and the requirement to collect health service
engagement or medication useis excluded. The additional costs
relating to the intervention and implementation of the
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intervention, including materials, 1abor, and other expenditures,
will be collected through project management and project team
records. The economic analysis will use either the change in
ARFS or AQoL-6D asthe outcome of interest. If the changein
either is not statistically significant, all consequence measures,
primary and secondary, will be reported alongside the cost
estimates.

Engagement

Engagement will be measured using usage statistics captured
by the website. The outcomes will include completion of the
HEQ (control group only), the number of log-insto the website,
clicks on resources and links, views of personalized dietary
feedback, and views and completion of goal setting and tracking
(intervention groups 1 and 2). In addition, for intervention Group
2, engagement will be measured by attendance at the brief video
consultation.

Reach and Recruitment Success

The number of people who engage with the various online
recruitment strategies will be measured by using Bitly links
[52], and the number of peoplewho access and engage with the
websitewill be measured by using Google Analytics. Bitly links
allow the creation of customized URLSs, which track back to
the Aim4Me website and alow tracking of engagement with
various strategies. Recruitment successwill be measured by the
time to recruit per strata, representativeness of the sample,
number of peoplewho expressed interest, percentage of eligible
participants, and the number of those who consented. As part
of the baseline assessment questionnaires, eligible participants
will be asked how they found out about the study to capture
which recruitment strategies were most successful.

Retention

Retention will be assessed asthe proportion of participantswho
completethe AES at 3, 6, and 12 months.

Satisfaction

Self-reported satisfaction with study components will be
evaluated at 3, 6, and 12 months using a process evaluation
developed by the research team. Group 1 will be asked about
their satisfaction with the HEQ if it was completed. For groups
2 and 3, questionswill cover the personalized dietary feedback
report, resources on the Aim4dMe website, goal setting and
tracking, and overall intervention satisfaction. Intervention
Group 3 will also self-report satisfaction with the video
consultation with the APD.

Scheduled Reminders and Prize Draw

All groups in the study will receive scheduled email and text
message reminders to prompt the completion of assessment
guestionnaires at each time point (baseline and 3, 6, and 12
months). Emails will be sent 3, 6, and 9 days following the
commencement of each phase, and text messages will be sent
on day 9. Follow-up phone cals may also be scheduled at
follow-up time points to prompt the completion of
guestionnaires. As an incentive to compl ete questionnaires and
to promote retention, participantswill automatically be entered
into a gift voucher prize draw. Each draw will havea 1 in 100
chance of a prize, with the value of the gift voucher increasing
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in value over time (from Aus $100 [US $66.10] and up to Aus
$400 [US $264.40] at 12 months).

Sample Size

The sample size cal culation was based on detecting changesin
the primary outcome of diet quality score (AFRS), with adequate
power to assess differences in daily servings of fruit and
vegetables. The study aims for a between-group increase in
ARFS of 2.2 (baseline SD 9.6) and fruit and vegetables serves
per day of 0.56 (baseline SD 2.4) compared with no changein
the control group [53]. To detect this between-group AFRS
difference with an aphaof .05 and 80% power, 300 participants
per arm across 3 arms are required, totaling 900 participants.
Given that we also wish to examine this effect a priori in male
and female subgroups separately, we will require 900
participants of each gender or 1800 in total. To allow for 10%
lossto follow-up at 3 months, 20% at 6 months, and 30% at 12
months, the study requires atotal sample of 2570 (1285 males
and females each).

Statistical Analysis

The outcome effects will first be evaluated using independent
t tests, followed by repeated measures within-group changesin
the ARFS diet quality score and modeling between-group
changes over time using the generalized linear mixed model.
The model will be fitted with ARFS at all follow-up points as
the outcome variable, with fixed effectsfor group, time, baseline
AREFS, and time by group interaction. Covariates, including PA,
sleep, smoking, and socia desirability, will be included in the
statistical mode as potential confounders. Statistical significance
of the primary efficacy analysis will be based on Hochberg
multiple testing procedures with a family-wise error rate for
each time point held at 2.5%. The main anaysis will use a
generalized linear mixed model with the outcome at all time
points and intention-to-treat principle. Sensitivity analyseswill
be conducted with the last observation carried forward, with
multiple imputations, and for completers only. Analyses will
be performed using SASversion 9.4 or later (SAS Ingtitute Inc).
All variableswill be checked for plausibility and missing values.
Datawill be presented as mean (SD) for continuous and count
variables.

Health Economic Analysis

The economic analysiswill be conducted from a health service
perspective. Cost estimation will follow a
categorize:quantify:value approach. In the absence of health
serviceimplications, the costswill reflect the resourcesrequired
to generate, implement, and deliver the respectiveinterventions.
The valuation will be founded on the concept of opportunity
cost, that is, the value of the benefit forgone in not employing
labor, services, or materials in alternative uses. Market prices
will be used as a proxy for this value. Labor costs will reflect
relevant skills, such as dietician time and administration time,
and will incorporate additional employee benefits such as
superannuation. Servicesinclude expenditure such as Facebook
advertising. Materials capture nonlabor cost items such asflyers.
Costs will be reported separately and jointly.

If adtatistically significant difference in AQoL-6D is found, a
within-trial  cost analysis will be conducted using
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quality-adjusted life years (QALYS) as the primary outcome.
The incremental cost-effectiveness ratio (ICER) will report an
incremental cost per QALY, reflecting theincremental outcome
and cost differences between the comparator groups. The| CERs
will be calculated as the arithmetic mean difference in cost
between the intervention and control arm divided by the
arithmetic mean difference in effect. Groups 2 and 3 will be
compared individually with Group 1 and each other. If a
significant change in AQoL-6D is not observed, the ARFS
outcome measure will be used. If neither measure realizes a
statistically significant change, the economic method will default
to acost-consegquence analysis, with incremental costsreported
against all primary and secondary outcomes. The economic
analysis will be conducted, and the results will be reported in
accordance with best practice guidelines [54,55].

Results

Data collection commenced in February 2018 and is ongoing.
Asof December 2019, 1277 parti ci pants have been randomized.

Discussion

Principal Findings

The aim of this study is to evaluate the efficacy of delivering
varying levels of personalized dietary feedback and support on
improving the diet quality of young adults. Young adulthood
is a period of major transition whereby changes during this
period influence diet and eating behaviorsthat contribute to the
weight gain trgjectory that iscommon in this age group. Changes
include social influences, changesto the home and school /work
environment, and changes in financial circumstances, which
add additional stresses during this period. The perceived effort,
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cost, peer influence, lack of time, and feelings of inferiority are
barriersto making positive changesin eating patterns and other
health-related behaviors[17]. Further complexity isadded when
we start to consider the many other layersthat shape a person’s
eating behaviors, including the food and beverage industry,
access to health care, education, and social and cultural norms,
and it needs to be acknowledged that active engagement from
various segments of society isrequired. Approaches need to be
incorporated into existing organizational structuresto influence
change at the population level.

Strengthsand Limitations

This protocol has been designed to address some of the major
challengesrelated to improving dietary patterns of young adults,
including the ease of access to personalized nutrition advice,
education on cooking skills, and practical nutrition strategies
such as how to eat on a budget and goal setting and tracking to
ensure dietary changes remain realistic and achievable. What
is novel isthe use of validated web-based dietary assessment
tools to connect young adults with personalized real-time
feedback on their dietary intake, an online library of resources
about healthy eating, goal setting, and access to a hedth
professional.

Conclusions

The results of this study will strengthen the current evidence
related to improving nutrition by using technology-driven tools
to address common barriers and motivators related to healthy
eating and accessing personal dietary advice and support in
young adults. The findings from testing efficacy and
cost-effectiveness will inform approaches to reach and engage
young adults. These will have major implications for future
design and conduct of programsthat target improved health and
well-being in young adults.
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Abstract

Background: Patient self-monitoring via mobile phones during psychotherapy can enhance and provide an overview of
psychotherapeutic progress by graphically displaying current and previous symptom scores, providing feedback to the patient,
delivering psychoeducative material, and providing timely data to the therapist or treatment team.

Objective: Thisstudy will aim to assess the effects of using a mobile phone to self-monitor symptoms and acquire coping skills
instead of using pen and paper during psychotherapy in patients with borderline personality disorder (BPD). Dialectical behavior
therapy will be performed to treat BPD. The primary outcome is the mean time needed to learn coping skills directed at emotion
regulation; the secondary outcomeis changesinthe BPD symptom score as measured by the Zanarini Rating Scale for Borderline
Personality Disorder.

Methods: This study is a pragmatic, multicenter randomized controlled trial. Participants were recruited through five public
general psychiatric outpatient treatment facilitiesin Denmark. Patients are randomly assigned, on a 1:1 basis, to either the mobile
phone condition (using the Monsenso mDiary mobile app) or pen-and-paper condition. Patients will complete several self-report
guestionnaires on symptom severity; assessments by trained raters on BPD severity will be performed aswell. Survival analysis
with a shared frailty model will be used to assess the primary outcome.

Results: Recruitment began in June 2017 and was completed in February 2019 after 80 participants were recruited. The study
ended in February 2020. It is expected that the benefits of mobile phone-based self-report compared to the pen-and-paper method
will be demonstrated for skill learning speed and registration compliance. To our knowledge, thisis the first trial exploring the
impact of cloud-based mobile registration in BPD treatment.

Conclusions; Thistrial will report on the effectiveness of mobile phone—based self-monitoring during psychiatric treatment. It
has the potential to contribute to evidence-based clinical practice since apps are already in use clinically.

Trial Registration: ClinicalTrials.gov NCT03191565; https://clinicaltrials.gov/ct2/show/NCT03191565
International Registered Report Identifier (IRRID): DERR1-10.2196/17737

(JMIR Res Protoc 2020;9(5):e17737) doi:10.2196/17737
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Introduction

The prevalence of borderline personality disorder (BPD) inthe
general Scandinavian population is estimated to be 1% to 5%
[1,2]. The consensusisthat approximately 1.5% of the western
population meets the criteria for BPD [2]. The prevalence in
clinical populationsis considerably higher and is estimated to
be around 28%, ranging between 9.3%-46.3% of patients,
according to current studies[3,4]. In Scandinavia, the mortality
risk of patients with amental disorder is 2-3 times higher than
inthe general population [5]. The suicide rate for BPD patients
is estimated to be between 8%-10%, almost 50 times higher
than in the general population [6].

BPD is characterized by instability in emotion and mood,
interpersonal relationships, self-image and identity, and impulse
and behavioral control [7]. A 3-factor structure has been found
empirically and supported by confirmatory factor analysis; the
factors were disturbed relatedness, behavioral dysregulation,
and affective dysregulation [8]. In dialectical behavioral therapy
(DBT), these problems are viewed as skill deficits that result
from problems with regulating emotion [9].

DBT has demonstrated effectiveness and is regarded as one of
the most well-researched, evidence-based treatments for BPD
[10-12]. The treatment includes the “five functions’ of
DBT—sKill acquisition, skill generalization, motivation to
implement new and skillful behaviors, interventionsin the social
and family environment to allow for treatment progress, and a
consultation team to facilitate skillful treatment delivery and
reduced burnout among therapists. Thus, the central focusison
learning skillsthat target self-management through mindfulness
skills, healthier relationships with family and peers through
interpersonal skills, handling of severe emotional dysregulation
through distress tolerance and crisis survival skills, and
proactive, effective management of emotional reactionsthrough
emotion regulation skills [13]. All of these types of skills are
typically trained in a group format, and motivation and
implementation are the foci of individual therapy.

Sdlf-Monitoring During Therapy

Self-monitoring of skill use and accompanying changes in
suicidality, self-harm, and emotional reactivity during DBT
therapy havetraditionally been done using paper-based diaries.
Technological advancesin mobile apps have made new modes
of self-monitoring possible and may reduce the burden on
patients, increase data quality, and generate new opportunities
for registration [ 14,15], like enhanced overview [16], ecological
momentary assessment [17], and research investigating
predictors of the course of therapy to facilitate future
development [18,19]. However, monitoring of patients with
BPD on mobile phone diary apps should be explored and
evaluated before they are implemented in clinical practicein a
broader sense [20].

http://www.researchprotocols.org/2020/5/e17737/

Recent studies on pain management have demonstrated good
usability in using digital self-monitoring [21,22]. Furthermore,
studies using digital diariesin the treatment of bipolar disorder
[19,23] in pain and weight management, sSeep, and
chemotherapy have all shown promising results [24-27]. Apps
specifically targeting emotional awareness, posttraumatic stress
reduction, and suicidality in borderline personality disorder are
currently being investigated [28-30]. DBT skills have been
shown to mediate improvements in BPD defining behaviors
[31-35]. DBT-related apps supported by scientific inquiry have
been developed at Rutgers University (Pocket Skills) [36] and
the University of Washington (DBT Coach) [37]. These apps
have been reported to show promise and acceptability among
users. They are specialized in training and coaching skills,
include diary card data as a secondary feature, and are
self-contained within the app. The end usersin the Pocket Skills
usability study reguested enhanced visualization of diary card
scores as well as aggregated scores.

In this study, we used the mDiary app to fill thisgap in research
as well asto eliminate conventional paper diary cards through
new technology. The mDiary app has a cloud-based
self-monitoring system that is sharable with a therapist in real
time. To our knowledge, this app is the first BPD-focused
mobile app to provide sharable self-monitoring.

The Monsenso system used in our study is a modified version
of the system used in the 2009 MONARCA trial, which tested
a system aimed at self-monitoring bipolar disorder [38]. The
MONARCA-project was developed at the IT University of
Copenhagen as part of a PhD project, and a modified version
of the MONARCA softwareisnow sold by the Danish company
Monsenso. The Svendborg DBT Unit modified the Monsenso
mobile app to suit the needs of patientswith BPD; modifications
were made to the DBT treatment skills-training modules and
psychoeducation content, and an enhanced therapist overview
screen was added to the Monsenso system. Patients were
involved in the design of the solution. A consistent focus on
emotion regul ation, the monitoring of progressin skillstraining,
and compliance with standard DBT treatment [39] were
prioritized in themDiary app. Theresulting solution was tested
inapilot feasibility study and showed adequate usability among
patients and therapists [40].

Objectives

The objectives of the current study areto evaluate (a) if patients
randomized to use the Monsenso mobile app learn DBT skills
faster compared to patients randomized to the pen-and-paper
version; (b) if patients using the app report higher reductions
in BPD criteria; () if registration compliance improves with a
mobile phone, and (d) if use of the mobile app is cost-effective
compared to the pen-and-paper version. We expect that use of
amobile phone-based digital diary will reducethetimeit takes
for patients to acquire DBT skills, improve therapy outcomes,
and be cost-effective.
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with the active arm being self-registration done through the

Study Design

The study is a pragmatic 2-arm, multicenter, open-label,
evaluator-blind, superiority randomized controlled trial (RCT),

Monsenso mDiary mobile app and the control arm being

self-report done by pen-and-paper diary cards. Figure 1 presents

the CONSORT (Consolidated Standards of Reporting Trials)
flowchart and details on patient inclusion, and Table 1 provides
an overview of the study.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flowchart. DBT: dialectical behaviora therapy; DERS: Difficulties in Emotion
Regulation Scale; BSL-23: Borderline Symptom List; ZAN-BPD: Zanarini Rating Scale for Borderline Personality Disorder.

Recruitment from 5 psychiatric outpatient treatment facilities treating borderline personality disorder

[ Enrollment

l

Assessed for eligibility

Counted for CONSORT

+ Not meeting inclusion

+ Declined to participate
+ Other reasons

h 4

Randomized (n=80)

;

Y

Pen-and-paper diary  (n=40)

Allocation ]

A\

Mobile phone electronic diary  (n=40)

|

Daily self-report on DBT skill use, intensity, and duration of dysrequlation and day score

l

l

Monthly online self-report on borderline symptoms (BSL-23) and emotion regulation ability (DERS)

h 4

[ Follow-Up ]—b

l

Counted for CONSORT
Lost to follow-up, discontinued
intervention

Telephone borderline symptom assessment (ZAN-BPD) after 12 months of treatment.
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Table 1. Itemsfrom thetrial registration data set.

Data category

Information

Primary registry and trial identifier
Date of registration in primary reg-
istry

Secondary identification numbers

Source of monetary or material
support and sponsor

Contact for public queries
Contact for scientific queries

Public title

Scientific title

Countries of recruitment

Health condition(s) or problem(s)
studied

Intervention(s)

Key inclusion and exclusion criteria

Study type

Date of first enrollment
Target sample size
Recruitment status
Primary outcome(s)

Key secondary outcomes

ClinicalTrials.gov (NCT03191565)

June 19, 2017

S-20160085
5159-00002B
2008-58-0035

The Danish National Innovation Fund (grant number 5159-00002B)

Centre for Telepsychiatry, Odense, Denmark
Research Unit for Telepsychiatry and E-mental Health, Odense, Denmark

Differencesin electronic and paper-based self-monitoring in borderline personality disorder: whichismost
effective?

Daily Self-Monitoring of Symptoms and Skills Learning in Patients With Borderline Personality Disorder
Through aMobile Phone App: Protocol for a Pragmatic Randomized Controlled Tria

Denmark

Borderline personality disorder

Active comparator: self-monitoring by maobile phone
Placebo comparator: self-monitoring by pen and paper

Inclusion criteria: adult patient (=18 years), emotionally unstable personality disorder (ie, |CD-10-CM?@

diagnosis code: F60.3); referred to psychiatric treatment (ie, DBT? psychotherapy); suicide attempt within
thelast 3 years

Exclusion criteria: patients with schizophrenic spectrum disorders and bipolar disorder; substance abuse
as primary problem (no desire to stop); intellectual problems (ie, 1Q below 70)

Interventional

Allocation: pragmatic, 2-arm, multicenter, open-label, evaluator-blind randomized controlled tria

Active arm:; self-registration with the M onsenso mobile app; control arm: self-report by pen-and-paper diary
cards

Primary purpose: intervention
Phase 111

June 2017
80
Active, not recruiting

Mean number of days required to learn anew DBT skill (time frame: 1 year)

Borderline severity (ZAN-BPDS), ahility to regulate emotion (DERSd), compliancefilling out diary cards

% CD-10-CM: International Classification of Diseases, 10th Revision, Clinical Modification.

PDBT: dialectical behavior therapy.

CZAN-BPD: Zanarini Rating Scale for Borderline Personality Disorder.
dDERS: Difficultiesin Emotion Regulation Scale.

Recruitment

treating BDP (ie, Svendborg, Haderdev, Vejle, Silkeborg, and
Glostrup) between August 2017 to December 2019. All sites

Patients in the DBT treatment group for BDP and related  have comprehensive DBT programs that have functioned as
problemswill be recruited from five psychiatric outpatient units  standard DBT programs for more than 7 years and include all
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fivemodes of DBT (ie, weekly consultation team; skillstraining
groups; individual therapy, along with telephone coaching
avalable outside of therapy sessions; and help structuring
clients' social and family environments if relevant [41]).

All patients will be informed orally and in writing about the
research project. Consent for participation will be obtained not
from the therapist of the patient but from an unbiased research
assessor from the mDiary team. Patients were involved in
designing the mDiary app.

Patients will be included in the study provided they fulfill all
of theinclusion criteriaand none of the exclusion criteria; they
must also provide written informed consent, which will be
collected by the therapists. Inclusion criteria are as follows:
aged 18 years or older; a primary diagnosis of Emotionally
Unstable Personality Disorder (F60.3 according to ICD-10-CM
[International Classification of Diseases, 10th Revision, Clinical
Modification] criteria) and diagnosed by a specidist in
psychiatry (referred to as BPD here, the more common
diagnostic label); referral for psychiatric treatment at the DBT
treatment sites involved in the study; willingness to sign a
commitment contract for DBT treatment; having had problems
with self-harm or suicidal behavior within the last 3 years.
Self-harm is defined as any form of self-inflicted tissue damage,
excluding superficial scratching. Comorbid depression, anxiety,
PTSD, antisocial traits or micro-psychotic episodes are not
exclusion criteria as long as BPD is primary diagnosis. The
above criteria will be screened through the Symptom
Checklist-90-R (SCL-90-R) questionnaire subscores aswell as
targeted questions during the assessment interview. Patients
with secondary substance use will be included if they agree to
work on reducing their abuse.

The exclusion criteria are as follows. any diagnosis of
schizophrenic spectrum disorders (any type of schizophrenic
disorder or schizotypal personality disorder); any diagnosis
involving bipolar disorder or acomorbid diagnosis of substance
abuse disorder without awish to change the associated behavior.
The exclusion criteriawill be checked in the electronic patient
journal and through structured interviews during the intake
procedure. Patients with intellectual problems comparable to
an 1Q below 70 will be excluded. Screening for intellectual
disability will be done with the Danish Adult Reading Test
(DART) [42]. Lack of amobile phone or participation in other
concomitant psychotherapy will also be reasons for exclusion.

Statistical Analysis

The primary endpoint isthe skills learning rate—the amount of
time (in days) taken to learn a new skill (ie, progress from
“started learning the skill” to “have learned the skill"). Patients
assess and switch status using abutton on the mobile phone app
when they consider the skill is of use to them; at thistime, the
skill is considered learned, which will then be discussed and
confirmed with the therapist during the preceding session.

The secondary endpoints are (@) BDP symptoms, including the
ability to regulate emotion, will be evaluated with the
interview-based ZAN-BPD; (b) percentage of completed diary
guestions, measured as a day with an entry in the mDiary app
or in the paper-based diary; (c) quality of life measured by the
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EuroQoL five-dimension, five-level (EQ-5D-5 L) instrument;
and (d) depression measured with the Patient Health
Questionnaire (PHQ-9).

Power

We are planning a study of 80 patients with equal allocation to
each arm, an accrual interval of 360 days, and an additional
follow-up of 360 days. The sample size of 80 patients is a
realistic recruitment goal for the given timeframe. To our
knowledge, no studies have previously investigated DBT skill
acquisition time through the use of mobile phones. Based on
pilot data and relevant noticeable clinical differences, it is
estimated that the mean time to learn a DBT skill will be 1.5
month (44 days) for mobile phone registration versus 2 months
(60 days) for the control condition. Using an apha of .05 and
apower of .90, wewill need 437 events of learned skillsin total
to reject the null hypothesis. With an expected attrition rate
during follow-up of 20%, each remaining patient (n=64 will on
average need to generate 7 learned skills. A very cautious
estimate would be that half of the patients (32 patients) will
learn half of the skills (16 skills) during one year of therapy.
This would generate 512 events, meaning that an inclusion of
80 patients will be able to generate sufficient power. A more
realistic expectation is that 75% of the patients following
protocol will learn 75% of the skills, which will generate 1188
events and will leave ample room to adjust for shared frailty.
It is estimated that at least 15,000 episodes of a specific skill
use will contribute to the survival analysis. The power analysis
was performed using R statistical software and gsDesign. The
power calculation is based on the log-rank test [43].

Randomization

All BPD patients in DBT treatment group are offered
participation in the study. All patients are followed from the
beginning of their therapy. Randomization and initial
assessments are done by an independent research assistant.
Initial assessment iscompleted by ablinded assessor sinceitis
done before randomization. Stratification isdone by siteaswell
as by severity, aiming for equal distribution of severe and less
severe cases within each site. Severity isassessed by the general
severity score from the SCL-90-R questionnaire with a Global
Symptom Index cut-off score of >1.75. Blocks of four are
randomized with a ratio of 1:1. The allocation sequence is
generated by arandom number computer algorithm transferred
to two stacks of sealed envelopes (severe and less severe) for
each sitethat is opened by the participant immediately after the
first assessment. The study needsto be open label sinceit isnot
possible to withhold the treatment condition (paper or mobile
phone), but the analysis will be performed blinded.

Training of Therapists

The therapists at the five sites will be trained to use the app
during two meetings, each one hour in length, and agreeto refer
patients to the research project. The sites have an estimated
intake of 20 patients per site per year. In case of reduced
enrollment, the recruitment period will be prolonged. Each site
has 4-7 active therapists, typically 1 psychiatrist, 1-2
psychologists, and 1-2 nurses speciaizing in DBT. Referralsto
the clinics are from either a primary care physician or from the

JMIR Res Protoc 2020 | vol. 9 | iss. 5 |[e17737 | p.53
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

inpatient section of the hospital ward dealing with acute
psychiatry. All therapists are trained in standard DBT.

Intervention

All patients in the mDiary trial will receive standard DBT
treatment. The difference between the two conditionsin thetrial
is whether self-monitoring is done with the pen-and-paper
method or the Monsenso system. There is a higher degree of
interactivity and available information on the Monsenso system,
asit is possible to access submenus on a mobile phone app to
learn more about what patientsreport. Descriptions of the skills
to be learned include more details, as well as a larger
psychoeducative element. Skills explanations are supported by
sound files.

Figure 2. Screenshots of the Monsenso system.

Helweg-Jergensen et al

Content of the Monsenso System

Figure 2 displays three mobile phone screenshots of the
Monsenso system. The screen to the left is an example of
registering one of the required variables (ie, day score). Under
normal circumstances, this is one of 10 variables participants
would register daily. This score is a general rating of the day
interms of good or bad. The middle screenshot isavisualization
of variables entered that can be seen after registering all
variables of the day. It is possible to scroll down to see more
registered variables. The right-hand screenshot explains one of
the DBT skills (ie, opposite action). This is delivered in both
text and podcast format.

09.50 1% wl TDC = 10.04 T14%0 w!TDC 3G 10.06 7 16%0 )
Dayscore =  Visualization < Opposite action B
GENERAL REGISTRATIONS | I
« |, i .
o Max. QOOd Dysregulation - Level ..Illll II III. 1.
) Verygood :
. Do the opposite of what your
Alittle good , emotion tells
. you to do
Neutral
Unjustified anxiety: Go against the
A little bad anxiety. Do what you are afraid of.
Very bad Dysregulation - Time Anger: Go away from the situation, if
ry you are so angry that you are loosing
' control
¢) Max. bad
: A Justified shame: Be visible, make
| O aa - » "repair", make a plan to avoid
repeating the shame generating
2 Weeks 1 month 3 Months behavior, say sorry

Anoverview screen for thetherapy sessionisprovided in Figure
3. Summed scores for the treatment and the DBT hierarchy by
week number are displayed. Red dots signal self-harm or
suicidal behavior. Aggregated scoresfor drug use, vulnerability
factors, and skill use are shown as well. The next row presents
visualizations of dysregulation and day scores by day. Taken
together, this provides a quick overview of the week. The next
two rows display the day score and dysregulation for the past
60 days, providing a longer overview of development. A
separate, dedicated screen can be accessed for even longer time
spans(ie, two yearsor more). The bottom row shows aggregated
scores for positive and negative emotions in the past 60 days.
The top right side of the screenshot provides the compliance
percentage (adherence) for completed diary cardsin the past 60
days, aswell as atotal aggregated score of severity (symptom
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score). Below that, the aggregated scores of positive and
negative emotions are broken down based on the number of
days different emotions were registered. Below that, there is
room for therapist notes and the Borderline Symptom List
(BSL-23) and the Difficulties of Emotion Regulation (DERS)
summed scores. In the bottom right, patient notes from their
diary dating to the last 7 days is accessible. If a score from the
previous week is particularly interesting, there will be a quick
way to gain more information through alink to the comments
for that specific day. All patient diary notes are accessible via
a separate, dedicated screen.

The left-hand row is a menu for accessing other overview
screens like the long-term overview of variables, program
notificationsliketriggers and warning signs, adedicated screen
for diary notes, medication, and construction of action plans.
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Figure 3. Overview screen for the therapy session.
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Skills
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Crisis plans Day score 7 days

[+ Medication

Notes

Day score - 60 days

Region Syddanmark

Dysregulation 60 days

Emotional valence

Data Collection and M anagement

Daily registrations for the diary are collected through the
Monsenso system or on a piece of paper that closely resembles
the standard DBT paper diary sheet. Collected variables are
listed in Table 2. The column “Always’ shows which variables
are always collected through the mobile phone on adaily basis.
The column “When relevant” shows variables that can be
switched off when they are no longer relevant. Peatients for
whom emotions are too painful to register at the start of the
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Data analysis
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visiting. We broke
up, but reconciled
later

treatment can switch off the variable in the beginning.
“Self-harm” can be switched off when treated to a completely
extinct level; patients are instructed to switch this registration
on, if they areto relapse.

Questionnaires for overall assessment of all participants are
collected through the REDCap (Research Electronic Data
Capture) system. All data collected are monitored through the
Odense Patient Data Exploratory Network (OPEN) using a
logged secure database run by the Region of Southern Denmark.
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Paper diarieswill be entered by double dataentry into the OPEN
database, securing dataquality and data safety. The OPEN team
ensures that the data are stored according to the European
Union’s General Data Protection Regulation (GDPR) standards

Helweg-Jargensen et al

and CONSORT guidelines. The research data will only be
accessibleto the research team. An anonymized version will be
stored at the Danish National Archives (Rigsarkivet) in order
to revisit, extend, and validate conclusions from the RCT.

Table 2. Outcomes collected daily from the mobile phone-based or paper diary.

Covariate

Always When relevant

Skill use (3 factors: unknown, started learning it, have learnt it)
Dysregulation, intensity

Dysregulation (duration in hours/day)

Numbness

Day score (-3 to +3)

Quialitative short description of the day

Suicide thoughts and actions (0-5)

Self-harm thoughts and actions

Basic emotions (anger, joy, shame, pride, love, sad, anxious, safe; 0 to +3)
Eating (too little, balanced, or too much; -3 to +3)

Drugs

O O o o o O

O 0o o o o

Deviations from participating in the intervention will not be
addressed in order to mirror normal participation in outpatient
treatment as closely as possible. Patients who decline to
participate in the study will be assessed by their therapist, who
will fill out aform stating reasonsfor not wanting to participate.

A dedicated data safety monitoring board to protect participants
from aversive consequences of the intervention will not be
necessary since the study is open label. Patients are followed
on a day-to-day basis by psychotherapists and patient safety
will be monitored weekly by therapists, which makes an
unblinded double check redundant. Adherence to filling out

http://www.researchprotocols.org/2020/5/e17737/

forms on paper and through the mobile phone app (days with
entries) will be part of the secondary outcome measurements
and will not be sought or influenced during data collection.

Outcomes Collected

Patients are asked to complete a set of questionnaires during
the study period (Table 3). These are delivered by mobile phone,
thereby posing a smaller burden than standard questionnaires.
Questionnaires are sent out automatically to the patients' mobile
phone and does not require the patient to meet with an assessor
at a specified time and place. It can be filled out when
convenient during the day.
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Table 3. Questionnaires used in the study.

Helweg-Jargensen et al

Questionnaire Questions, n  Frequency  Endpoint Reference

Danish Adult Reading Test (DART) 40 Only pre DART measures the number of correctly Hjorthg et a [42]
pronounced words when the patient reads out
loud

Zanarini Rating Scale for Borderline Personality 9 Pre, post ZAN-BPD measures clinician rated BPD®  Zanarini et al [44]

Disorder (ZAN-BPD) severity

Suicide Behaviors Questionnaire-Revised (SBQ- 4 Pre, post SBQ-R measures suicide behavior Osman et a [45]

R)

Posttraumatic Stress Disorder-8 items (PTSD-8) 8 Pre, post PTSD-8 consists of 8 questions from the Hansen et al [46]
Harvard Trauma Questionnairefor screening
PTSDP severity

Symptom Checklist-90-R (SCL-90-R) 20 Pre, post SCL-90-R measures self-perceived psychi-  Brophy et a [47]
atric symptom load

EuroQol five-dimensions, five-levels(EQ-5D-5L) 5 Pre, post EQ-5D-5L measuresquality of lifefor health Janssen et al [48]
economic evaluation

Patient Health Questionnaire (PHQ-9) 9 Pre, post PHQ-9 measures suicidality and depressive  Kroenke et al [49]
symptoms for health economic evaluation

Treatment Inventory Cost in Psychiatric patients 11 Pre-post TIC-P measures treatment costsand lossof  Bouwmans et al

(TIC-P) productivity for health economic evaluation [50]

Self-Harm Inventory (SHI) 12 Pre, post SHI measures lifetime self-harm type and Sansone et a [51]
count

Borderline Symptom List (BSL-23) 23 Monthly BSL-23 measures BPD core symptoms Wolf et a [52]

Difficultiesin Emotion Regulation Scale (DERS) 36 Monthly DERS measures ability to regulate emotion  Weiss et a [53]

Positive and Negative Affect Schedule short form 10 Weekly PANAS SF comprises 10 itemsand measures  Watson et al [54]

(PANAS SF)

positive and negative affect

3BPD: borderline personality disorder.

Statistical Analysis

All analyseswill be conducted according to the intention-to-treat
principle. Comparison between the active and control conditions
on the primary endpoint will be performed by means of survival
curves, as time-to-event models analyzed by Cox proportional
hazards regression models with multiple events per patient.
Significancetests are based on afrailty mixed effects approach
[55]. Since missing datais not expected to be missing randomly;,
datawill be modelled with multipleimputations, if missing data
isto beincluded.

The level of dependence or heterogeneity among patterns of
skill acquisition speed within the same sitewill also be explored
by theintracluster correlation coefficient (ICC) [56]. Apart from
intervention type (mobile phone or paper), treatment site,
intellectual ability (DART score), level of BPD (ZAN-BPD),
and level of PTSD (PTSD-8) are used as interaction terms in
the Cox proportional hazards regression models.

A secondary analysisof differencesin compliancein filling out
daily registrations between mobile phone and paper groupswill
use Wilcoxon rank sum to test the hypothesis of improved
compliance in the active arm of the intervention. The problem
of backfilling paper diary entries[57] cannot beeasily controlled
in the pen-and-paper version, but in the mobile phone condition,
it will only be possible to back fill 2 days worth of entries, so
clusters of 3-day fill-outs will signal backfilling. This biasin
the study will be addressed in the interpretation of the results.

http://www.researchprotocols.org/2020/5/e17737/

On an explorative level, time series data from daily data
collection will be used to predict a binary classification of
treatment in responders and nonresponders. Inthisanalysis, the
classification of responders and nonresponders will be based
on the definitions provided by Jacobson et a [58] and and
Schmitgen et al [59].

Adver se Effects

Dueto the nature of BPD, self-harm and suicidal behavior might
appear during psychotherapy, but the DBT treatment is aimed
at dealing with this type of behavior. It is safe to assume that
monitoring symptoms and skills acquisition on amobile phone
instead of paper forms will not subject patients to additional
risk. Duringthe DBT treatment, patients are coached in dealing
with suicidal and self-harm behaviors. Furthermore, atherapist
or an acute team is available by telephone 24/7 for patients.
Even if suicidal ideation should emerge, there is a very quick
path to rapid crisis intervention. If unforeseen adverse effects
should emerge due to the study, these problems will be quickly
presented to the mDiary RCT advisory board for evaluation,
and matters will be responded to immediately.

Patient I nvolvement Statement

Patients were involved in the pilot and development phases, by
engagement in the codevelopment of the mobile app. The
research question reflects areoccurring wish for mobile phone
registration from patients in DBT treatment, making
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self-monitoring less like homework from school and more
technologically up to date.

Data Availability

The data sets generated and analyzed during the current study
are not publicly available due to the highly sensitive nature of
the content. Psychiatric diagnosis, suicidality, self-harm, and
alcohol and drug use are disclosed in the diary registrations. It
isnot possibleto do thiskind of research without promising the
research subjects the highest level of confidentiality, that is,
complete data anonymization. Relatively few study subjects
were treated at each site, thus making it possible to infer site
location by looking at the number of subjectstreated at the sites.
Very few men participated in the study, so theidentity of single
individuals may be inferred by looking at the sex and location
data However, the data can be made available in a
nonidentifiable form from the corresponding author on
reasonable request.

Ethics and Dissemination

The study was approved by the regional Committees on Health
Research Ethics for Southern Denmark (Journal number:
S-20160085) and the Danish data registry (Journal number:
2008-58-0035). The trial was registered on Clinical Trials.gov
(NCT03191565) on June 19, 2017 and is conducted in
agreement with the Declaration of Helsinki. Informed consent
material is availablein Danish with the approved protocal. If a
patient sustains any trial-related harm, they are covered by
Danish law. The Committees on Health Research Ethics select
and audit a number of studies on an annual basis. Independent
investigators and sponsors conduct the audit process. The
primary investigator has unrestricted accessto the full data set.
There are no contractual limitations regarding access of thefull
data set for relevant investigators. There are no restrictions
regarding the dissemination of results. Primary authorship will
be held by the primary investigator when reporting the results
of the study.
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This study is part of alarger project (the ENTER [Programme
for E-meNTa hEath Research] project) at the Centre for
Telepsychiatry in the Region of Southern Denmark. In January
2016, €2.7 million for the ENTER program was obtained from
the Danish Innovation Fund Denmark [60] (grant number
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5159-00002B). The funding body does not have any ownership
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Results

All results will be written up for publication and submitted to
international peer-reviewed journals. Positive aswell asnegative
or inconclusive findings will be published. Results will be
reported according to the updated guidelines for reporting
parallel group randomized trials—the CONSORT 2010
Statement—and the guidelines for the inclusion of
patient-reported outcomesin clinical trial protocols—the SPIRIT
(Standard Protocol Items; Recommendationsfor I nterventional
Trials) extension. Significant protocol amendments will be
reported back to the ethics committee, the Danish dataregistry,
and ClinicalTrials.gov, and will be reported in the primary
results paper. Authorship will be granted to all participating
authors, according to the current principles stated by the
International Committee of Medical Journal Editors.

Discussion

The present effectivenesstrial focuses on individualswith BPD,
who have a high level of service utilization, much subjective
suffering, a high suicide rate, and high-cost treatments [61].

The results of the RCT will be a first attempt at giving an
internet-based, mobile phone solution an evidence base to
operate from. This study addsto theliterature by providing and
assessing best practice in terms of self-monitoring during BPD
psychotherapy. The exploration of trajectories of improvement
or deterioration may point to new uses of diary registration
during psychiatric treatment. A promising aspect of the approach
isthe collection of diary data through the patients’ own mobile
phones. Datais entered directly into a database without further
actionfromtheclinician. Thus, dataisstored very conveniently
on aserver making both short- and long-term review accessible,
as well as facilitating bench marking and detailed record
keeping. As databases will naturally grow with the passing of
time and data collection, this data collection method will be
increasingly amenable to machine learning. In future
psychotherapy treatments, this mode of self-monitoring could
inform us of predictors and relevant classification from start to
follow-up.
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GDPR: General Data Protection Regulation

I CC: intracluster correlation coefficient

ICD-10-CM: International Classification of Diseases, 10th Revision, Clinical Modification
OPEN: Odense Patient Data Exploratory Network

PANAS SF: Positive and Negative Affect Schedule short form

PHQ-9: Patient Health Questionnaire

PTSD-8: Posttraumatic Stress Disorder-8 items

SBQ-R: Suicide Behaviors Questionnaire-Revised

SCL-90-R: Symptom Checklist-90-R

SHI: Self-Harm Inventory

SPIRIT: Standard Protocol Items. Recommendations for Interventional Trias
TIC-P: Treatment Inventory Cost in Psychiatric patients

ZAN-BPD: Zanarini Rating Scale for Borderline Personality Disorder
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Abstract

Background:  Urinary tract infection (UTI) is the most common reason for antibiotic prescription in nursing homes.
Overprescription causes antibiotic-related harms in those who are treated and others residing within the nursing home. The
diagnostic processin nursing homesis complicated with both challenging issues rel ated to the elderly population and the nursing
home setting. A physician rarely visitsanursing homefor suspected UTI. Consequently, the knowledge of UTI and communication
skills of staff influence the diagnosis.

Objective: The objective of this study isto describe a cluster randomized controlled trial with atailored complex intervention
for improving the knowledge of UTI and communication skills of hursing home staff in order to decrease the number of antibiotic
prescriptions for UTI in nursing home residents, without changing hospitalization and mortality.

Methods: The study describes an open-label cluster randomized controlled trial with two parallel groups and a 1:1 allocation
ratio. Twenty-two eligible nursing homes are sampled from the Capital Region of Denmark, corresponding to 1274 nursing home
residents. The intervention group receives a dialogue tool, and all nursing home staff attend a workshop on UTI. The main
outcomes of the study are the antibiotic prescription rate for UTI, all-cause hospitalization, all-cause mortality, and suspected
UTI during the tria period.

Results. Thetrial ended in April 2019. Data have been collected and are being analyzed. We expect the results of the trial to
be published in a peer-reviewed journal in the fall of 2020.

Conclusions: The greatest strengths of this study are the randomized design, tailored development of the intervention, and
access to medical records. The potential limitations are the hierarchy in the prescription process, Hawthorne effect, and biased
access to data on signs and symptoms through a UTI diary. The results of thistrial could offer a strategy to overcome some of
the challenges of increased antibiotic resistance and could have implicationsin terms of how to handle cases of suspected UTI.

Trial Registration: Clinical Trials.gov NCT03715062; https://clinicaltrials.gov/ct2/show/NCT03715062
International Registered Report Identifier (IRRID): DERR1-10.2196/17710

(JMIR Res Protoc 2020;9(5):€17710) doi:10.2196/17710
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Introduction

Urinary tract infection (UTI) is the most common reason for
antibiotic prescription in elderly individuals living in nursing
homesin Europe, and many of these prescriptions are considered
inappropriate [1-3]. Overall, excessive use of antibiotics causes
antibiotic-related harms, such as selection of resistant bacteria,
in those who are treated and others residing within the same
nursing home [4,5]. The excessive use of antibiotics for
suspected UTI could be connected with the interplay between
properties specific to the elderly population and the nursing
home setting.

Two dominant factors associated with elderly individualsliving
in nursing homes contribute to overtreatment. First, it iswidely
accepted by nursing home staff that unspecific changes in
behavior indicate UTI [6]. However, guidelines recommend
that unspecific symptoms in elderly individuals should not be
treated, and the link to UTI remains debated [7-9]. Second,
health professionals frequently use urinary tests as screening
toolsfor UTI [10]. As asymptomatic bacteriuriais common in
nursing home residents, these tests are frequently positive[11].
Asymptomatic bacteriuriashould not be treated with antibiotics,
and it is commonly confused with UTI [11,12]. Therefore,
urinary testing becomes a driver for overtreatment [13,14].

In the Capital Region of Denmark, most nursing homes are
public, but private homes also follow municipality regulations,
making labor coverage similar. A home with 60 residents
employs2to 3 nursesand 20to 25 health care helpersand health
care assistants (in  Danish, “SOSU-hjedper” and
“SOSU-assistent,” respectively). Health care helpers and
assistants attend to the residents’ everyday needs. Only if a
resident appears unwell, a nurse gets involved. When UTI is
suspected, the staff usually contacts the residents’ general
practitioner (GP), the affiliated nursing home physician, or the
out-of-hour service. In addition, physicians often prescribe
antibiotics for UTI without directly evaluating the patients
themselves, and therefore, rely on the clinical history provided
by the nursing home staff [15,16].

Owing to the interaction between the properties of the elderly
population and the nursing home setting, diagnosisand treatment
are directly influenced by the knowledge and communication
skills of the staff [17]. If nursing home staff do not have
sufficient knowledge about UTI in elderly individuals or fail to
communicate important clinical observations, unnecessary
antibiotic prescription could be exacerbated [18]. Although the
responsibilities of the staff vary, health care helpers, assistants,
and nurses are engaged in the diagnostic process and treatment
of elderly residents, and therefore, all staff members should be
targeted in an intervention. Some antibiotic stewardship
programs have improved the knowledge of UTI and have
implemented decision algorithms and communication tools to
reduce inappropriate antibiotic prescription for UTI, but none
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of the programs have randomized and tailored the intervention
to the setting, in addition to targeting all groups of nursing home
staff [19,20].

We hypothesize that atailored complex intervention improving
the knowledge of UTI and communication skills in nursing
home staff will decrease the number of antibiotic prescriptions
for UTI in residents, without changing hospitalization and
mortality. The aim of this study is to describe a protocol for
measuring the effect of this intervention.

Methods

Trial Details

The protocol describes an open-label cluster randomized
controlled trial with two paralel groups and a 1:1 alocation
ratio. Originally, we planned recruitment and allocation of
nursing homes to be completed by the end of 2017. We aimed
to complete the planning of the start-up phase (ie, the tailoring
process of the intervention and scheduling of the workshops)
by the summer of 2018 and finish the start-up phase by the fall
of 2018. The trial was planned to last for 4 months. Data
collection, analysis, and dissemination were to commence in
the spring of 2019 and end in the spring of 2020.

Recruitment

There is no central registry of nursing homes in Denmark;
therefore, we use a convenience sample method. We seek
volunteersthrough the network of hygiene nursesin the Capital
Region of Denmark, who organize loca meetings and
conferences and have direct contact with key hygiene personnel
at nursing homes.

Eligibility Criteria

Nursing homes enrolling in the trial should not participate in
other UTI projectsduring thetria period. Nursing homes should
be situated in the Capital Region of Denmark. They should have
common areas with attending staff 24 hours a day. The living
spaces for residents with dementia are included, but living
spaces for other special needs are not included. Nursing home
eligibility screening is to be completed during the recruitment
period. Residents should be over 65 years of age and should
permanently occupy a living space at an eligible home.
According to Danish law, this study is a communication study.
Therefore, residents meeting the dligibility criteriaareincluded
in the study, unless they or their legal guardians decline access
to healthinformation for thetrial. Residents’ dligibility screening
is to be performed during collection of informed consent
permitting sharing of health care data.

I ntervention

The primary components are a dialogue tool and a workshop.
They target al staff memberswho have nursing responsihilities
in the intervention group. The supporting components relate to
communication with stakeholders (Table 1).
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Table 1. Primary and supporting components of the intervention.

Arnold et al

Components Intervention Control
Primary components
Dialogue tool + -
Workshop + -
Supporting components
L etter to nursing home physicians + -
Letter to all staff members + -
Poster for staff members + -
Letter to the liaison officer in the municipality + +
Letter to local coordinators + +
Letter to residents and relatives + +
Poster for residents and relatives + +

Each component of theintervention is described below, and the
components received by the intervention group and those
received by both the intervention and control groups are
presented. Examples of the components are provided in
Multimedia Appendices 1-9.

I nterventions Received by the I ntervention Group

Dialogue Tool

The dialogue tool consists of areflection and acommunication
section. Thereflection section hasthree parts. First, aform that
enables systematic gathering of signs and symptoms exhibited
by theresident. Second, aflowchart to determineif UTI islikely
or unlikely. These two parts are based on the revised Loeb
Minimal Criteriafor ordering urinary culture [21]. Third, four
guestions that are designed for the staff to be able to reflect on
the next actionable step. The communication section uses the
communication concept called ISBAR (Identification, Situation,
Background, Assessment, and Recommendation) that has
previously been used in combination with a decision-making
aid for UTI prescription [22]. ISBAR is used to communicate
clinical information accurately among health care professionals
(between staff and the prescribing physician in this case) [23].

The tool is tailored through an iterative process that involves
focus groups with stakeholders. Whenever UT] is suspected, a
paper copy of thetool will be availablefor use at the staff office.
If any adverse events occur because of the tool, the local
coordinatorswill contact the principal investigator (PI). At least
two members of the study group will evaluate the main cause
of the adverse event. If thetool isdeemed responsible, theentire
group is gathered to determineif thetrial should be terminated.

Workshop

Thetool isintroduced to the staff in a 75-minute workshop. At
each nursing home, we aim to include as many staff members
as possible within three separate workshops. The Pl will
facilitate all workshops. The focus of the workshop isthreefold.
First, the staff members learn the distinction between UTI and
asymptomatic bacteriuria. Consequently, diagnostic caveats
regarding urinary testing, odor, and urine clarity will be
discussed. Second, an approach to eval uate unspecific symptoms
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isdiscussed. Thisapproach specifically considerstheimportance
of excluding other reasonsfor the observed signs and symptoms.
Finally, the staff members receive training on how to use the
tool for test cases.

Letter to Nursing Home Physicians

All nursing home physicians in the intervention group receive
letters that include an open invitation to participate in the
workshop, information about thetrial, and contact details of the
study group. The letters are emailed to the nursing home
physicians.

Letter to Staff Members

All staff membersreceive lettersthat describethetrial and their
role from the management of the home and the PI.

Poster for Staff Members

Posters are provided in each hometo remind the staff when and
how to use the tool. The posters aso direct the staff to local
coordinators for questions. Posters are visible at staff offices.

I nterventions Received by Both Groups

Letter to the General Practitioner Liaison Officer in the
Municipality

In 2016, the state, the regions, the municipalities, and the
General Practitioners' Organization in Denmark agreed to
employ affiliated nursing home physicians in nursing homes
[24]. By 2019, the ambition was that a physician should make
regular rounds at each home. However, owing to the shortage
of physicians, not all homesare covered yet. Moreover, although
nursing homes have affiliated physicians, some residents
continue with their usual GP. Therefore, we inform nursing
home physicians and GPs in the participating municipalities
about the trial. In all municipalities with participating homes,
we ask the GP liaison officer (“praksiskonsulent” in Danish) or
another physician in the GP network to distribute a short letter
informing all GPs about thetrial.

L etter to Local Coordinators

Each home appoints a local coordinator. There are no
prespecified eligibility criteria. This pragmatic approach is
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adopted owing to the heterogeneity of theinternal organization
of the home. Local coordinators in each arm receive letters
describing the trial and the UTI diary.

L etter to Residents and Relatives

Residents and relatives are informed about the trial through
letters posted in the nursing home newspaper or website
containing adescription of the trial and contact information of
research group members.

Poster for Residents and Relatives

Posters containing information about the trial are prepared for
residents and relatives. They are visible in common areas.

To prevent dropout, unedited trial dataare returned to the homes
when data collection is complete. Optionaly, the PI can facilitate
workshops in the control group after evaluation.

Data Collection

In this trial, data are collected from three different sources as
presented bel ow.

Background I nformation About Nursing Homes

Background information about nursing homesis collected from

the management during the enrollment period and includes the

following:

1. number of living spaces for residents

2. number of livings spaces designated for normal care needs,
dementia, and psychiatry

3. owner status of the home (public/private)

4. availahility of dipstick (yes/no)

5. dffiliated physician (yes/no)

Data From Nursing Home Medical Recordsof Residents

Caollection of background information on residents commences

during thetrial and is collected from the nursing home medical

records. The following information is obtained:

1. social security number

2. use of catheter (yes/no), and if yes, type of catheter
(indwelling catheter, intermittent clean catheter, intermittent
sterile catheter, or suprapubic catheter)

3. useof incontinence aids (eg, diapers and condom catheter)
(yesno)

4. mobility status (bedridden, wheelchair bound, or walking)

5. capability of providing informed consent to share health
care data (yes/no)

6. treatment for diabetes (yes/no), and if yes, the type of
treatment (generic drug name)

7. number of acute and prophylactic treatmentsfor UTI (lower,
upper, and urosepsis) 1 year prior to thetrial

8. prophylactic treatment for UTI (yes/no), andif yes, thetype
of treatment (generic drug name)

Data on prescriptions for UTI, all-cause hospitalization, and
all-cause mortality during thetrial period are also retrospectively
registered. With regard to antibiotic prescriptions for UTI, the
following information is obtained:

1. generic drug name

2. dtart date (yyyymmdd)

3. duration of treatment (number of days)
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4. strength, dosage, and frequency (mg per tablet, number of
tablets per dosage, and number of doses per day)

5. prescriber background (primary physician, out-of-hour
service, or hospital physician)

6. indication (curative/prophylactic UTI)

With regard to all-cause hospitaization, the following
information is obtained: date of hospitalization (yyyymmdd);
date of discharge (yyyymmdd); and suspected cause of
hospitalization according to staff. With regard to all-cause
mortality, the following information is obtained: date of death

(yyyymmdd).

Urinary Tract I nfection Diary

During the trial, local coordinators complete a diary for each
resident with suspected UTI during an 8-day period. The diary
isintroduced to local coordinators at the nursing home during
a 30-minute meeting with the Pl. The diary includes the
following:
1. Signsand symptoms on days 1-8
+ new urinary symptoms [dysuria, incontinence, urge,
frequency, lower back pain, gross hematuria, shaking
chills, suprapubic pain, and none of these]
»  other new severe symptoms [severe back pain, rigors,
delirium, and none of these]
« new onset signs of other infectious diseases
[respiratory, gastrointestinal, skin, and none of these]
» other new observations [malodorous urine, unclear
urine, unspecific symptoms, and none of thesg]
» temperature [degrees Celsiug]
»  blood pressure [systolic/diastalic]
+  pulse[beats per minute]
« urinary dipstick result [positive or negative for nitrite,
leucocytes, and blood]

2. Eventsondays1-8
» increased observation/triage [yes/no]
+  preventive measures [yes/no]
»  dipstick test [yes/no]
»  physician contacted [yes/no]
« urinary sample[yes/no]
»  change of catheter [yes/no]
« antibiotic [yes/no]
»  change of antibiotic [yes/no]
« antibiotic discontinued [yes/no]
» result of urine culture [positive/negative/unknown/not
dong]

3. Prescriptionsfor UTI on days 1-8
« generic drug name
«  dtart date [yyyymmdd]
»  duration of treatment [number of days]
»  dtrength, dosage, and frequency [mg per tablet, number
of tablets per dosage, and number of doses per day]

4. Hospitalization on days 1-8 (day of hospitalization)
5. Death on days 1-8 (day of death)

The UTI diaries are collected once during the trial period and
once after the trial has ended. Examples of UTI diaries are
presented in Multimedia Appendices 10 and 11.
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Outcomes

The primary outcome is the number of antibiotic prescriptions
for acute UTI per resident in 4 months following contact
between the staff and aprescriber. Antibiotics prescribed during
hospital visitsare not included, because prescriptions by hospital
physicians are independent of those by nursing home staff.
Prophylactic treatments are al so excluded.

The secondary outcomes are as follows: number of al-cause
hospitalizations per resident in 4 months; number of all-cause
deaths per resident in 4 months; and comparison of suspected
UTI during the trial. Groups are compared with regard to the
numbers of acute antibiotic treatments for suspected UTI,
antibiotic treatments for urinary tract symptoms, UTI-related
hospitalizations, and UTI-related deaths.

Data M anagement

Data collected from medical records and diary entries are
subjected to double data entry. A data manager performs
merging, anonymization, and range checks. Trial dataare stored
in accordance with the data policy of the University of
Copenhagen [25]. Data will be saved for 5 years after
publication of the results.

Sample Size

Our primary outcome involves clustered count data, and we
determined a minimum sample size according to the method
for clustered Poisson regression [26]. In Denmark, the number
of prescriptionsfor UTI in 2015 was 90 per 100 persons among
those aged above 80 years[27]. Assuming no seasonal variation
and generalizability to residents, the average number of
prescriptions per resident during a 4-month period is 0.3. We
assume that an average nursing home accommodates 60
residents. The intraclass correlation coefficient (ICC) of
antibiotic prescription in nursing homes included in similar
studies varies between 0.04 and 0.17 [28-30]; the higher
estimates are based on the general population and prescriptions
for respiratory tract conditions, whereasthe lower estimates are
based on nursing home data on prescriptions for UTI. With a
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conservative estimate of 1CC of 0.07 and a significance level
of 5%, we will have a power of 80% to detect a 50% decrease
in the antibiotic prescription rate for the intervention group
(from 0.30 to 0.15 prescriptions per resident in 4 months). This
estimation isbased on theinclusion of at least 11 nursing homes
and 637 residents in each arm.

Sequence Gener ation, Blinding, and Statistical Analysis

The study statistician randomly assigns the nursing homes to
thetwo study armswith a1:1 computer generated randomization
schedule stratified by municipality. Owing to the nature of the
intervention, the trial is open labelled. The statistical analysis
isblinded. Primary and secondary outcomes are analyzed using
aPoisson regression model and generalized estimating equation.

Ethical Approval and Sharing of Health Care
I nformation

Because the study is not a health science project as defined in
the Danish Committee Act § 2, the Research Ethics Committee
of the Capital Region of Denmark has waived the need for full
ethical approval (journal no: 17013412). The Danish Patient
Safety Authority has approved data collection for those residents
unable to participate in informed consent for sharing of their
health care information (journal no: 3-3013-2409/1 and
amendment no: 3-3013-2704/1). We have collected informed
consent from the rest of the residents from the start-up phase
until the data collection phase. The study has been reported to
the Danish Data Protection Agency.

Results

Thetimeline of thetrial deviated slightly from the original plan.
Particularly, enrollment and all ocation were completed in June
2018. Thetrial ended at the end of March 2019; data have been
collected and are being analyzed. We expect the results of the
trial to be published in a peer-reviewed journa in the fall of
2020. Figure 1 showsthe schedul e of enrollment, interventions,
and assessments.
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Figure 1. Preliminary schedule of enrollment, interventions, and assessments (February 2020).

ENROLLMENT
March 2017-June 2018

PLANNING
START-UP
July 2018-September 2018

TRIAL PERIOD

December 2018-March 2019

The original idea for the intervention was to provide nursing
home staff with a biomarker for severe infection (C-reactive
protein as a point-of-care test) in addition to the dialogue tool.
Moreover, the primary outcome was originally appropriate
prescription for UTI, but this was changed to number of
prescriptions for UTI. The changes had been decided prior to
registration at Clinical Trials.gov.

Discussion

The aim of this study is to describe a protocol for evaluating
the effects on antibiotic prescription, hospitalization, and death
of atailored complex intervention to improve the knowledge
of UTl and communication skills among staff caring for
residents with suspected UTI. The dialogue tool is based on a
decision aid and a communication tool tested in clinical trials
that have previously reduced antibiotic prescriptions [21,22].
The trial was performed from December 2018 through March
2019, and the results are expected to be submitted for publication
in the fall of 2020.

We apply a tailoring process to develop the intervention and
decrease barriers to implementation. In order to facilitate the
collection of dataand to tailor the intervention processto nursing
homes, the research group decided to modify the original project
plan dightly. This strategy is recommended to increase the
impact of complex interventions[31]. We primarily target UTI
knowledge and communication skillsamong all staff members,
which differsfrom the approach in previoustrials[20]. Because
off-site prescription in nursing homesis common, staff members
collect the information the physician receives and influence the
diagnosis [17]. Hence, focusing on this group may prove to be
an impactful strategy. We acknowledge the hierarchy in the
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ALLOCATION

June 2018

START-UP
October 2018-November 2018.

DATA COLLECTION,
ANALYSIS, AND
DISSEMINATION

April 2019-May 2020

prescription process. If prescribers continue with inappropriate
prescription for asymptomatic bacteriuria despite improved
quality of information, it may overrule the effect of the
intervention. To avoid this, we inform all GPs in participating
muni cipalities about thetrial and invite nursing home physicians
to participate in the workshop.

The greatest strength of the study isthe randomized design. On
the other hand, blinding can only be introduced in the data
analysis. Owing to the format of theintervention, the open-label
design is indispensable but introduces the control group to the
potential risks of contamination and selection bias. This bias
cannot influence the primary outcome, because it is obtained
from the nursing home medical records. The medical record
extractsinformation on prescribed drugsfrom “ FadlesMedicin
Kort,” which registersall prescriptionsin the past 2 years[32].
Thus, another strength of using medical records is that if an
indication is unclear, background information about the
prescription decision is accessible. Finally, the PI facilitates all
workshops and all introductions to the UTI diary. This ensures
ahigh degree of homogeneity inthetrial start-up for al included
nursing homes.

The tria is pragmatic. First, the eligibility criteria for both
homes and individual residents are broad, which may result in
aheterogeneous popul ation. Second, theimplementation of the
intervention is left to the individual homes after completion of
the workshop. Third, during the trial period, the homes are
visited only once by the PI, unless they initiate contact. Asthe
homes differ in organizational structure, a uniform and strict
design was not feasible.

Nursing home medical records only include information about
all-cause hospitalization and all-cause mortality. The drawback
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is that the information may be unrelated to UTI and that a
relevant change may be diluted. We gain access to the social
security numbers of residents, thereby permitting a long-term
follow-up of residents through nationa registries. This could
reveal any indirect effects on hospitalization or death. However,
it is beyond the scope of this study.

Because of the Hawthorne effect, participating in atrial poses
a challenge when evaluating the effect of the intervention [33].
Control groups commonly experience abehavioral changewith
knowledge of trial participation alone [34]. In this trial, the
stakeholders in the control group are informed about the trial
in general terms and both intervention and control groups have
local coordinators, who complete the UTI diary. Thus, some
impact of thetrial design on antibiotic prescription in the control
group islikely.

The use of aUTI diary may induce diagnostic bias. The diary
is used for suspected UTI in both groups, but staff in the
intervention group may be more alert to the discovery of
potential UTI. There is a risk that staff members in the
intervention group complete more diaries than staff members
in the control group. The diary is extensive, and both groups
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may find it too bothersometo complete. Thisiswhy theresearch
group changed the primary outcome from appropriate
prescriptions to number of prescriptions, which can be found
in the medical records. Nevertheless, a UTI diary is the best
way to capture important clinical data about patients. Among
other things, the diary includes information about signs and
symptoms, which are rarely reported in medical records.

The problem of excessive and inappropriate antibiotic use is
common in nursing homes. The study offersastrategy to tackle
the challenges of increased antibiotic resistance and has
implications in terms of handling suspected UTI. Some
retailoring should be expected when transferring this
intervention to an alternate setting.

In conclusion, this trial will test the hypothesis that a tailored
complex intervention targeting the knowledge of UTI and
communication skills of nursing home staff will improve
antibiotic prescription for suspected UTI in residents. Theresults
may provide new insights and prove to be animportant addition
to the current strategiesto limit superfluous antibiotic treatment
for suspected UTI in nursing homes.
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Abstract

Background: Previous studies have indicated that higher subjective well-being works as a protective factor for health. Some
studies have aready shown the effects of mindfulness-based interventions on improving subjective well-being. However, these
studies targeted specific populations rather than the general public. Furthermore, they assessed either life evaluation or affective
aspects of subjective well-being rather than the concept as awhole, including the eudemonic aspect of well-being.

Objective: This study aims to investigate the effectiveness and cost-effectiveness of mindfulness-based cognitive therapy
(MBCT) for improving the wholistic aspects of subjective well-being in healthy individuals.

Methods: Thisstudy was an 8-week, randomized, parallel-group, superiority trial with a2-month follow-up. Healthy individuals
aged 20-65 yearswith scores|ower than 25 on the Satisfaction With Life Scale (SWLS) were eligible to participate and randomly
allocated to the MBCT group or the wait-list control group. The intervention program was developed by modifying an MBCT
program to improve the well-being of anonclinical population. The primary outcome was the difference between the two groups
in mean change scores from the baseline on the SWLS. The secondary outcomes included scores on the Flourishing Scale and
the Scale of Positive and Negative Experience as well as the incremental cost-effectivenessratio.

Results: This study began recruiting participants in July 2018 and recruitment was completed at the end of September 2019.
Data collection and dataset construction was completed by the end of March 2020.

Conclusions: Thisstudy isuniquein that it investigates MBCT’s effects on the three different aspects of subjective well-being:
life evaluation, affect, and eudemonia. It islimited, as the specific effect attributable to MBCT cannot be detected because of the
lack of an active control group.

Trial Registration: University Hospital Medical Information Network Clinical TrialsRegistry (UMIN-CTR) UMIN000031885;
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi ?recptno=R000036376

International Registered Report Identifier (IRRID): DERR1-10.2196/15892

(JMIR Res Protoc 2020;9(5):€15892) doi:10.2196/15892
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mindful ness-based cognitive therapy; subjective well-being; healthy individuals, randomized controlled trial; cost-effectiveness
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Introduction

Background

Subjective well-being has become a central issue in the
development of public policy. Inthis context, there are concerns
about the adequacy of current measures of economic
performance, such as gross domestic product (GDP), to indicate
societal well-being [1]. The Organisation of Economic
Co-operation and Development (OECD) proposed that
subjective well-being should be considered in addition to these
objective scales as a complementary indicator of people's
well-being [2]. Following thisinitiative, several countries have
launched challenges to propose a substitute indicator that
complements GDP by measuring the progress of society [1,3-7].

Although arguments about the definition of subjective
well-being are still in progress, the most widely accepted one
is“good mental states, including all of the various evaluations,
positive and negative, that people make of their lives, and the
affective reactions of peopleto their experiences’ [2]. Thereis
ageneral consensus among experts that subjective well-being
consists of at least two aspects: life evaluation and affect. In
addition, several researchers have insisted that the eudemonic
aspect, reflecting people’s sense of purpose and engagement,
should also be included in subjective well-being [8]. Thus,
subjective well-being consists of three dimensions: life
evaluation, affect, and eudemonia

The importance of subjective well-being is not limited to
economics. Several studies have indicated that subjective
well-being affects the health of the general public. Steptoe et
a reveded that impairment of subjective well-being by
depression and life stress elevates the risk of premature death
[9]. In addition, higher eudemonic well-being may work as a
protective factor for health [10-12]. Therefore, improving the
subjective well-being of the genera public is significant from
apublic health perspective.

What We Already Know

Several interventions, such as a positive events diary [13], life
coaching and attainment of goals [14], and positive future
thinking [15], have proven effective in the improvement of
subjective well-being for nonclinical populations. Furthermore,
mindful ness-based intervention (MBI) is another measure that
potentially improves people’s subjective well-being. Although
MBI was originally developed for the treatment of clinical
populations, such as patientswith chronic pain [16], depression
[17], or anxiety disorders[18], its scope has recently expanded
to nonclinical populations. Some studies have already shown
its effects on decreasing stress and improving subjective
well-being [19-30].

Rationale for the Study

The studies discussed above, however, have several limitations.
First, because they tended to target specific populations, such
asstudents[20,22,26,28,29], schoolteachers[21,23], health care
professionals [19,27], and workers in the workplace [31-34],
the generalizability of the results to the community is limited.
Second, although two studies targeted healthy individuals in
the community [24,25], they assessed either the life evaluation
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or affective aspect of subjective well-being rather than all three
aspects (ie, cognitive, affective, and eudemonic aspects). Thus,
no study has evaluated the eudemonic aspect of well-being,
which has been proven to have arelationship with health [35].
Finaly, although the effect of mindfulness-based stress
reduction (MBSR) on subjective well-being has been eval uated,
no study has assessed the effect of mindful ness-based cognitive
therapy (MBCT) [36], which is the other major MBI currently
practiced. Therefore, we decided to conduct a randomized
controlled trial to demonstrate MBCT's effectiveness on three
different aspects of subjective well-being (ie, life evaluation,
affect, and eudemonia) for healthy individuals sampled from
community residents.

Aim
The primary objective of this study is to investigate the
effectiveness and cost-effectiveness of MBCT for improving

the subjective well-being of healthy individualsin arandomized,
wait-list, and controlled tria.

Methods

Participants

The study is being conducted at Keio University Hospital in
Tokyo, Japan. Participants will be recruited through the Center
for Stress Research at Keio University (Keio CSR). Eligible
participants are people (1) between the ages of 20 and 65 years,
(2) without a history of psychiatric disorders or who have been
recovered from psychiatric disordersfor morethan 2 years, (3)
with scores lower than 25 on the Satisfaction With Life Scale
(SWLS), and (4) who can provide written informed consent.

Participants will be excluded if they (1) are difficult to follow
up with 4 months after the start of the intervention, (2) have a
past history of MBIs equivalent to the program provided in the
study, and (3) have severe physical conditions.

Enrollment

Prospective participants who apply to the study through the
form at the Kelo CSR’s website will be asked to fill out
screening questionnaires via the Web (ie, the first screening).
If the participants pass the first screening, they will meet a
member of the study team who will conduct a face-to-face
interview (ie, the second screening) to establish if they meet
the inclusion criteria. The Japanese version of the Structured
Clinical Interview for the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-1V), Axis | Disorders
[37], will be used for diagnostic assessment. The first, second,
and third authors (MS, TK, and AN) will conduct the second
screening. Theeéligibility of the participantswill bejudged based
on the results of this second screening. All participants will
provide written informed consent after receiving a detailed
explanation of all the procedures and will be able to withdraw
their consent at any time without negative consequences.

Baseline Assessment

Overview

The participants will complete a battery of questionnaires
assessing demographic and psychosocia data. Psychological
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measuresto be obtained will includethe SWLS, the Flourishing
Scale (FS), the Scale of Positive and Negative Experience
(SPANE), the Rosenberg Self-Esteem Scale (RSES), the Five
Facet Mindfulness Questionnaire (FFM Q), the Connor-Davidson
Resilience Scale (CD-RISC), the Self-Compassion Scale (SCS),
the 16-item Quick Inventory of Depressive Symptomatology
(QIDS), the Generalized Anxiety Disorder 7-item scale
(GAD-7), the Perceived Stress Scale (PSS), the World Health
Organization Health and Work Performance Questionnaire
(WHO-HPQ), the Multidimensional Assessment of Interoceptive
Awareness (MAIA), and the European Quality of Life
Five-Dimension Five-Level Scale (EQ-5D-5L). All measures
have been validated in Japan [38-49]. The details of each scale
are described below.

Satisfaction With Life Scale

The SWLSisasef-reported questionnaire with five questions.
The scale focuses particularly on assessing one's life
satisfaction. Total scoresrange from 5 to 35, with higher scores
indicating higher satisfaction [50].

Flourishing Scale

The FS consists of eight items describing important aspects of
human functioning, ranging from positive relationships to
feelings of competence, meaning, and purposeinlife. Eachitem
is answered on scale ranging from 1 (strong disagreement) to
7 (strong agreement). Total scores can range from 8 (strong
disagreement with all items) to 56 (strong agreement with all
items). Although the scale does not provide separate measures
for distinct facets of well-being, it does yield an overview of
positive functioning across diverse domains that are widely
believed to be important [51].

Scale of Positive and Negative Experience

The SPANE measure is a brief 12-item scale with six items
devoted to positive experiences and six items designed to assess
negative experiences. Because the scaleincludes general positive
and negative feelings, it assesses the full range of positive and
negative experiences, including specific feelings that may have
unique labelsin particular cultures[51].

Rosenberg Self-Esteem Scale

The RSES was developed as a brief self-rated assessment to
determine self-esteem, self-worth, acceptability, and confidence.
It comprises 10 itemsthat allow four responseson aLikert scale,
ranging from 1 (strongly disagree) to 4 (strongly agree). Total
possible scores range from 10 to 40; higher scores represent
higher self-esteem [52].

Five Facet Mindfulness Questionnaire

The FFMQ is a self-report questionnaire used to assess
mindfulness ability. It consists of five factors, which were
designed based on afactor analytic study of five independently
developed mindfulness questionnaires. The five facets are
observing, describing, acting with awareness, not judging inner
experience, and not reacting to inner experience [53].

Connor-Davidson Resilience Scale

The CD-RISC was developed as a brief self-rated assessment
to help quantify resilience. The scale contains 25 items, all of
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which feature a 5-point range of responses, ranging from O (not
true at all) to 4 (true nearly all of the time). The total score
ranges from O to 100, with higher scores reflecting greater
resilience [54].

Self-Compassion Scale

The SCS assesses individuals ability to be kind and
understanding toward themselves as opposed to harsh and
sdlf-critical ininstances of pain or failure. It consists of 29 items
and generates scores on six subscales. self-kindness,
self-judgment, common humanity, isolation, mindfulness, and
overidentification. Participants' responses are based on the
frequency of certain thoughtsand feelings. Total subscale scores
range from 1 to 5, with higher scores indicating more
self-compassion [55].

16-1tem Quick I nventory of Depressive Symptomatol ogy

The QIDS is one of the most widely used self-reported
guestionnaires assessing depressive symptoms. The scoring
system for the QIDS converts responses to 16 separate items
into the nine DSM-IV symptom criterion domains. Total scores
range from O to 27. Higher scores indicate higher levels of
depressive symptoms [56].

Generalized Anxiety Disorder 7-Item Scale

The GAD-7, a 7-item questionnaire, was devel oped by asking
patients how often, during the preceding 2 weeks, they had
experienced a set of symptoms. There were four response
optionson aLikert scale, ranging from O (not at all) to 3 (nearly
every day). Scoresrange from 0 to 21, with scores of 5, 10, and
15 representing mild, moderate, and severe anxiety symptoms,

respectively [57].
Perceived Stress Scale

The PSS is designed to measure the degree to which situations
inone'slife are appraised as stressful. Among two versions of
the PSS—the 14-item version (PSS-14) and the 10-item version
(PSS-10)—the PSS-10 was recommended because the four
additional items of the PSS-14 show relatively low factor
loading [58]. Therefore, the PSS-10 was used in our study. This
scal e assesses perceived stressful experiences or stressresponses
over the previous month. Total possible scores range from 0 to
40. Higher scores represent high stress levels [59].

World Health Organization Health and Work
Performance Questionnaire

The WHO-HPQ isaself-report instrument designed to estimate
the workplace costs of health problemsin terms of self-reported
sickness absences and reduced job performance (ie,
presenteeism). The WHO-HPQ measures presenteeism with the
following two questions: “On a scale from 0 to 10, where O is
the worst job performance anyone could have at your job and
10 is the performance of atop worker, how would you rate the
usua performance of most workersin ajob similar to yours?’
and “Using the same 0-10 scale, how would you rate your
overall job performance on the days you worked during the past
4 weeks?” A low presenteeism score indicated poorer
performance [60].
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Multidimensional Assessment of | nteroceptive Awareness

I nteroceptive awareness has been regarded as an essential factor
in meditation and stress reduction. The MAIA was devel oped
as a saf-report instrument for experimental interoception
research and for assessment of mind-body therapies [61]. It is
a 32-item self-report measure that assesses interoceptive
awareness on the following eight subscales: naticing,
not-distracting, not-worrying, attention regulation, emotional
awareness, self-regulation, body listening, and trusting. Each
itemisassessed on a6-point Likert scale, ranging from O (never)
to 5 (always). Higher scores indicate better interoceptive
awareness [62].

European Quality of Life Five-Dimension Five-Level
Scale

The EQ-5D-5L is a standardized instrument used to measure
health-related quality of life [63]. Applicable to a wide range
of health conditions and treatments, it provides a simple
descriptive profile and a single index value for health status.

Randomization

Eligible participants will be randomly assigned, at a 1:1 ratio,
to the MBCT group or the wait-list control group. A
computer-generated random number stratified by the baseline
score of the SWLS will be alocated to each participant. The
Keio Center of Clinical Research Project Management Office,
which isnot associated with this study, will manage the process
of the randomization. Theflow diagram of the study participants
isshown in Figure 1.

Blinding

Due to the nature of this psychological intervention, the
randomization status of participants and program instructors
cannot be blinded. Because all measures obtained through the
study period are self-reported, there will be no assessorsto judge
the state of participants.

https://www.researchprotocol s.org/2020/5/€15892
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Intervention and Control Groups

Mindfulness-Based Cognitive Therapy Group

The intervention program used in the study is the modified
version of MBCT based on the book Mindfulness: A Practical
Guideto Finding Peacein a Frantic World [64]. This program
has been devel oped by modifying an MBCT program to improve
the well-being of anonclinical population. The contents of the
program are shown in Table 1. The main differences of this
program from MBCT are that (1) the lecture relevant to
depression will be skipped and (2) compassion meditation and
activity records (ie, pleasant, unpleasant, appreciation events,
and nourishing and depriving activities) will be introduced. In
the program, participants will learn both cognitive approaches
and mindful ness practices (eg, raisin exercise, body scan, sitting
meditation, mindful walking, and three-step breathing space).

The program will consist of eight weekly sessions. Each session
will be in a group format—15 participants at the most—and
will last for 2 hours. The participants will be asked to practice
mindfulness meditation for 30-60 minutes as their daily
homework and to keep a record of the type of meditation and
the amount of time they practiced.

The first author (MS) will lead the sessions as the principal
instructor. Dr Sado has been qualified to teach MBSR through
aprogram at the University of Massachusetts, Boston, USA; is
on the training path for MBCT teachers at Oxford University,
Oxford, UK; and has 9 years of experience in mindfulness
practice. The second (TK) and third (AN) authorswill join the
course as assistant instructors.

Control Group

Participants on the wait list will have no interventions during
the intervention period. They will be asked not to take part in
other mindfulness or meditation activities. After the first
intervention term is completed, the participants in the control
group will be given an opportunity to attend the MBCT program.
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Figure 1. Flowchart of the effectiveness and cost-effectiveness of mindfulness-based cognitive therapy (MBCT) for improving subjective well-being
among healthy individuals.
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Table 1. Contents of the intervention program.
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Session  Theme Contents

1 Waking up to the automatic pilot Psychoeducation: What is mindfulness?
Exercise: Mindful eating (ie, raisin exercise), asking yourself why you are here now, and
mindfulness of body and breath
Homework: Mindfulness of body and breath, mindful ness of aroutine activity, and let go of
habits

2 Keeping the body in mind Psychoeducation: Association of mood and thoughts
Exercise: Mindfulness of body and breath, thoughts and feelings exercise, and body scan
Homework: Body scan, pleasant event calendar, mindfulness in everyday life, and let go of
habits

3 The mouse in the maze Psychoeducation: Awareness of mind wandering and focusing on the breath
Exercise: Breathing meditation, meditation of sounds, gentle yoga, and mindful walking
Homework: Three-step breathing space, gentle yoga, mindful walking, diary of appreciation
and gratitude events, and let go of habits

4 Moving beyond the rumor mill Psychoeducation: Staying present
Exercise: Mindfulness meditations (ie, breathing as well as sounds and thoughts)
Homework: Mindfulness meditations (ie, breathing, sounds and thoughts, and three-step
breathing space), unpleasant events calendar, and let go of habits

5 Turning toward difficulties Psychoeducation: Exploring difficulty
Exercise: Mindfulness meditations (ie, breathing, sounds and thoughts, and exploring difficulty)
Homework: Mindfulness meditations (ie, breathing, sounds and thoughts, exploring difficulty,
and three-step breathing space) and let go of habits

6 Trapped in the past or living in the Psychoeducation: Cognitive biases and compassion for myself

present Exercise: Mindful ness meditations, compassion meditation, and watching the movie Happy

about subjective well-being
Homework: Mindfulness meditations (ie, sounds and thoughts, exploring difficulty, compassion,
and three-step breathing space) and diary of your kind behavior

7 When did you stop dancing? Psychoeducation: Choosing functional behaviors, behavioral activation, and identifying triggers
Exercise: Mindfulness meditations (ie, breathing as well as sounds and thoughts)
Homework: Mindfulness meditations (ie, choose what you like and three-step breathing space)
and diary of activity that nourishes you

8 Your wild and precious life Persondl reflections of the course, plansfor future practice, strategiesfor maintaining momentum,
and farewell
Exercise: Body scan and asking yourself why you are here now and what you realized through
the program

With respect to cost, we only include the human resource cost
Outcomes

Primary Outcome

The primary outcome is the difference in mean change scores
between the baseline and postintervention assessments on the
SWLSfor the MBCT group as compared to the control group.

Secondary Outcomes

The secondary outcomes are the differences in mean change
scores between the baseline and postintervention assessments
on the FS, SPANE, RSES, FFMQ, CD-RISC, SCS, QIDS,
GAD-7, PSS, WHO-HPQ, MAIA, and EQ-5D-5L for theMBCT
group as compared to the control group.

Cost-Effectiveness

Cost-effectiveness will be assessed based on the incremental
cost-effectiveness ratio that represents the incremental cost
divided by the incremental effectiveness between the groups.

https://www.researchprotocol s.org/2020/5/€15892

to deliver the sessions, since the study targets healthy
individuals. Because the population targeted in the study is
composed of healthy individuals, incremental effectivenesswill
be evaluated primarily using the measures of subjective
well-being, such as the SWLS. However, we will also use the
quality-adjusted life years mapped from the results of the
EQ-5D-5L and so on, representing health-related quality of life
as the secondary incremental effectiveness outcome. The
analyses will be conducted from a third-party payers
perspective.

Schedule of Visits and Assessments

All participants will be asked to complete these psychological
self-reporting measures at 4 weeks (ie, the intervention
midpoint), 8 weeks (ie, postintervention), and 2 months (ie, 16
weeks) after the completion of the intervention, as well as at
their basdline assessments (ie, week 0). The assessment schedule
isshown in Table 2.
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Table 2. Schedule of assessments.
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Assessment

First screening Week?

0 1 2 3 45 6 7 8 12 b

Screening (Web)

Screening (face-to-face interview)

Informed consent

Randomization

Mindful ness-based cognitive therapy (MBCT) class
Demographics

Structured Clinical Interview for the Diagnostic and Statistical Manual of

Mental Disorders, Fourth Edition (SCID)
Satisfaction With Life Scale (SWLS)

Flourishing Scale (FS)

Scale of Positive and Negative Experience (SPANE)
Rosenberg Self-Esteem Scale (RSES)

Five Facet Mindfulness Questionnaire (FFMQ)
Connor-Davidson Resilience Scale (CD-RISC)
Self-Compassion Scale (SCS)

16-item Quick Inventory of Depressive Symptomatology (QIDS)
Generalized Anxiety Disorder 7-item scale (GAD-7)
Perceived Stress Scale (PSS)

World Health Organi zation Heath and Work Performance Questionnaire (WHO-

HPQ)
Multidimensional Assessment of Interoceptive Awareness (MAIA)

European Quality of Life Five-Dimension Five-Level Scale (EQ-5D-5L)

X X X X X X X X X X

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

8psychological self-reporting measures will be completed at baseline (week 0), the intervention midpoint (week 4), postintervention (week 8), and 2

months after the completion of the intervention (week 16).

Sample Size

We performed sample size calculation based on the results of
a previous feasibility study that we had conducted, which
assessed the feasibility, safety, and effectiveness of MBCT for
improving subjective well-being with asingle arm. The pre-post
differencein the mean score of the SWLSin the study was 3.1
(SD 3.4). With a dtatistical power of at least 80% and a
two-sided 5% significancelevel, the sample sizewas cal cul ated
to be 20 participants for each arm. Allowing for a dropout rate
of approximately 20%, we determined that each arm would
need 25 participants, for atotal of 50 participants.

Statistical Analysis

A 5% significance level will be used for all statistical analyses.
To compare differences in the baseline demographics and
clinical characteristics of the two groups, unpaired t tests will
be used for the continuous variabl es and chi-square testsfor the
categorical variables. The primary and secondary outcomeswill
be analyzed using an intent-to-treat approach and amixed-effect
model repeat measurement, a method of handling dropouts in
longitudinal clinical trials. Stata 14 (StataCorp) will be used to
carry out statistical analysis.

https://www.researchprotocol s.org/2020/5/€15892

Adverse Events

When we notice serious adverse events, we will report them to
the Ethics Review Committee of the Keio University School of
Medicine.

Ethics

The authors assert that all procedures contributing to thiswork
comply with the ethical standards of the relevant national and
institutional committees on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2008. All
procedures involving human participants and patients were
approved by the Ethics Review Committee of the Keio
University School of Medicine (reference number: 20170258).
The study has been registered inthe University Hospital Medical
Information Network (UMIN) Clinical Trias Registry (UMIN
000031885).

Dissemination

Theresultsof the study will be disseminated at several academic
conferences and as published articlesin peer-reviewed journals.
The study will be implemented and reported in line with the

CONSORT (Consolidated Standards Of Reporting Trials)
statement.

JMIR Res Protoc 2020 | vol. 9 | iss. 5 [€15892 | p.79
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Availability of Data and Materials

The datasets are available from the corresponding author upon
reasonable request.

Results

This study began recruiting participants in July 2018 and
recruitment was completed at the end of September 2019. Data
collection and dataset construction was completed by the end
of March 2020.

Discussion

This study aims to investigate the effectiveness of MBCT in
theimprovement of subjectivewell-being for healthy individuals
in the community. It will attempt to detect meaningful
differencesin the target outcomes. When we use psychological
scales that were developed in a different culture, their validity
can becomeacritical issue becausethe constructsthat the study

Acknowledgments
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measures investigate tend to be strongly affected by culture.
Therefore, we decided to adopt only scales validated in a
Japanese setting. The limitation of this study is that we set the
wait-list group as a control group. Of course, we were aware
that allocating an attention placebo (eg, relaxation or other form
of psychotherapy) would have been an option for detecting the
specific effect attributable to MBCT. However, we judged our
choice to be acceptable because our aim is to evaluate clinical
effectiveness of augmenting typical daily lifewith MBCT rather
than to assess the efficacy of MBCT.

Thisstudy isnovel interms of its assessment of all three aspects
of subjectivewell-being (ie, cognitive, affective, and eudemonic
aspects) in the absence of other such existing works. Subjective
well-being has attracted attention because there are indications
that better subjective well-being works as a protective factor
for better health status, including mental health. Therefore, we
believe this study will generate fruitful knowledge for future
research in thefield.
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Abstract

Background: Despite evidence in scientific literature indicating the effectiveness of both cognitive behavioral therapy (CBT)
and physical exercise in the management of major depressive disorder (MDD), few studies have directly compared them.

Objective: This study aims to evaluate and compare the effectiveness of group CBT, physical exercise, and only wait-listing
to receive treatment-as-usua (TAU) in the management of MDD. The investigators hypothesize that participants with MDD
assigned to the group CBT or exercise arms of the study will achieve superior outcomes compared with participants wait-listed
to receive TAU only.

Methods: This prospective rater-blinded randomized controlled trial assesses the benefits of group CBT and exercise for
participants with MDD. A total of 120 patients with MDD referred to addiction and mental health clinics in Edmonton, Canada,
will be randomly assigned to one of the three equal-sized arms of the study to receive either weekly sessions of group CBT plus
TAU, group exercise three times aweek plus TAU, or only TAU for 14 weeks. Participants will be assessed at enrollment, 3 and
6 months post enrollment, midtreatment, and upon treatment completion for primary (functional and symptom variables) and
secondary outcomes (service variables and health care utilization). In addition, participants in the intervention groups would be
evaluated weekly with one functional measure. The datawill be analyzed using repeated measures and effect size analyses, and
correlational analyses will be completed between measures at each time point.

Results: Thestudy will be conducted in accordance with the Declaration of Helsinki (Hong Kong amendment) and Good Clinical
Practice (Canadian guidelines). Written informed consent will be obtained from each subject. The study received ethical clearance
from the Health Ethics Research Board of the University of Alberta on September 7, 2018 (Pro 00080975) and operational
approval from the provincia health authority (Alberta Health Services 43638). As of October 13, 2019, we have enrolled 32
participants. Theresultswill be disseminated at several levels, including patients, practitioners, academics, researchers, and health
care organizations.

https://www.researchprotocol s.org/2020/5/€14309 JMIR Res Protoc 2020 | vol. 9 | iss. 5 [e14309 | p.85
(page number not for citation purposes)


mailto:agyapong@ualberta.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Conclusions:
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The results of the pilot trial may inform the implementation of a multicenter clinical trial and provide useful

information for administrators and clinicians who are interested in incorporating group CBT and group exercise interventions

into existing care.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(5):€14309) doi:10.2196/14309

Clinical Trials.gov NCT03731728; https://clinicaltrials.gov/ct2/show/NCT03731728
PRR1-10.2196/14309
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Introduction

Background and Rationale

Depressive disorders are a major public health problem. For
example, the global prevalence of depressive disordersis over
4%, and depression isthe single largest contributor to nonfatal
health loss[1]. Thereisaneed to identify interventionsthat are
relatively cost-efficient, scalable, and can be offered to many
people. Treatment for depressive disorders typically includes
anti depressant medication and or counseling and psychotherapy.

Exercise as a form of treatment for depressive disorders,
especially of mild-to-moderate severity, has evidence of benefit
[2-5]. In fact, the magnitude of the effect of exercise as a
treatment for depression is reported to be comparable with the
magnitude of the effect of conventional treatment [6,7]. An
umbrella review of systematic reviews and meta-analyses of
the use of exerciseto treat depressive symptomsin older adults,
for example, concluded that “exercise is safe and efficaciousin
reducing depressive symptomsin older people” and that exercise
“should be considered as a core intervention in the
multidisciplinary treatment of older adults experiencing
depression” [8]. A meta-analysis adjusting for publication bias
concluded that “exercise has a large and significant
antidepressant effect in people with depression” [9]. The
mechani sms by which exercise decreases depressive symptoms
may include biological mechanisms such as anti-inflammatory
effects [10] or increasing neurotransmitter levelsimplicated in
depression [11]. Other mechanisms may include increase in
self-efficacy [10] or enhanced social interaction [12].

Despite this strong evidence base, few studies haveincorporated
multiple treatment conditions in a randomized controlled tria
design, and few studies appear to have assessed the effect of
group cognitive behavioral therapy (CBT) in comparison with
exercise. A randomized clinical trial that assigned 54
mild-to-moderately depressed patientsto acombined CBT plus
exercise condition vsaCBT-only condition [13] found superior
outcomesin suicidal ideation, depression, and activities of daily
living in the combined condition group compared with the group
receiving CBT only. However, few studies compared group
CBT, group exercise, and wait-listing for treatment-as-usual
(TAU) conditions. This is important in further delineating the
effective components of treatment for mild-to-moderate
depression, and the results haveimplicationsfor service delivery
and clinical recommendations in the treatment of depression
within health care organizations in Alberta and beyond.
Specifically, patients with major depressive disorder (MDD)

https://www.researchprotocol s.org/2020/5/€14309

referred to addiction and mental health clinics in Edmonton
Zonemay wait for weeks beforereceiving individual treatment.
Thus, group treatment conditions examined in this study may
serve as an expedient treatment avenue to decrease waiting list
times for patients with MDD and improve outcomes.

Aim and Objectives

The aim of this project isto conduct arandomized pilot trial to
evaluate the feasibility and effectiveness of group CBT and
group exercise on depressive symptom scores and functioning.
The client outcomes will be organized according to functional
variables (relationships, well-being, and physical activity),
symptom variables (change in depressive symptoms scores),
and service variables (patient compliance, retention in treatment,
and patient satisfaction).

Given the aim, one objective of the project is to compare the
mean changes in functioning, clinical symptoms, and service
satisfaction variables from enrollment baselineto 12 weeks post
enrollment for (1) participants receiving group CBT plus
wait-listed to receive TAU, (2) participants receiving scheduled
exercise plus wait-listed to receive TAU, and (3) participants
only wait-listed to receive TAU. Another objective of the study
is to compare the mean changes in functioning, clinical
symptoms, and service satisfaction variables from treatment
baseline to 7 and 14 weeks post treatment commencement for
(1) participants receiving group CBT pluswait-listed to receive
TAU and (2) participants receiving scheduled exercise plus
wait-listed to receive TAU.

Hypothesis

The investigators hypothesize that participants enrolled in the
group CBT or group exercise treatments while wait-listed to
receive TAU will achieve significantly lower symptom outcome
measures scores at 12 weeks and 6 months post enrollment
compared with participants only wait-listed to receive TAU on
each outcome measure used. We expect that participants enrolled
inthegroup CBT plus TAU arm will have outcomes comparable
with those enrolled in the group exercise plus TAU arm of the
study at 7 and 14 weeks post treatment commencement.

Methods

Overview of Study Design, Timeline, and Participant

Selection

This study will be alongitudinal, prospective, parallel-design,
three-arm, rater-blinded randomized clinical trial with a
recruitment period of 6 months and an observation period of 14
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weeks (plus waiting time) for each participant. The study will
be conducted according to the timelines specified in the Gantt
chart in Multimedia Appendix 1.

Theresearch will be conducted in amunicipal recreational center
as well as addiction and mental health clinics in Edmonton, a
large, sociodemographically diverse city in western Canada
[14]. Potential participantswill berecruited from the Addiction
and Mental Hesalth Intake Clinic in Edmonton. Patients with
depression during the intake assessment who are presumed to
meet the inclusion criteria of the study will beinvited to enroll.

To confirm the diagnosis of MDD using Diagnostic and
Statistical Manual of Mental Disorders, 5th Edition (DSM-5)
criteria, potential participants will be sent to the mood and
anxiety clinic or urgent clinics in Edmonton, where they will
be assessed by a psychiatrist or psychiatry resident who is
independent from the study team. The psychiatrist or resident
may or may not initiate, continue, or adjust pharmacotherapy.
The diagnosis will be communicated to the study coordinator
and clinic nurse. Participants with MDD will be informed of
their eligibility to participatein the study and will be considered
for randomization after providing informed consent, whereas
patientswith other diagnoseswill beinformed of their exclusion
from the study and will be directed to receive an appropriate
treatment for their condition.

After the diagnostic confirmation by a psychiatrist, a research
assistant who is trained in study procedures will provide the
potential participantswith an information leaflet about the study
and answer any related questions they may have. All potential
participants who agree to take part in the study will provide
written informed consent before the compl etion of the baseline
assessment measures and randomization.

Patients who are aged between 18 and 65 years, have been
referred by a primary care provider or self-referred to the
Addiction and Mental Health Intake Clinic in Edmonton, have
received a primary diagnosis of MDD from a consultant
psychiatrist based on DSM-5 criteria, and have provided written
informed consent will beincluded in the study. Patients will be
ingligibleif they do not meet the above inclusion criteria; have
not provided informed consent; or have a diagnosis of bipolar
disorder, schizophrenia, or schizoaffective disorder.

At baseline, demographic and contact information will be
collected. Participants name and contact information will be
collected only for use in future communication or for the
arrangement of treatment, assessment, and follow-up sessions.

Participants medical recordswill also bereviewed at two points,
at enrollment and 6 months after enrollment in the study, to
gather information about participants' use of health servicesin
the past 6 months to compare service utilization among the
groups and to determine if participation in the intervention
groupsimpactsthe use of other health servicesin the short term.
These data can aso be used for any economic analyses (ie,
cost-effectiveness) that will be conducted.

All the data will be stored for a minimum of 7 years before
destruction as per the research ethics board' s requirements, and
the research ethics board’s requirements pertaining to the
collection and storage of information will be followed.

https://www.researchprotocol s.org/2020/5/€14309
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Multimedia Appendix 1 illustrates the Gantt chart for group
CBT and exercise project.

Interventions

Participantsenrolled inthe group CBT plus TAU condition will
be wait-listed to receive TAU and will receive a 2-hour session
of group CBT every week for 14 weeks. Participants enrolled
in the group exercise plus TAU arm of the study will be
wait-listed for TAU and will receive 60 min of scheduled and
facilitated exercises three times a week for 14 weeks.
Participantsin the TAU-only arm of the study will be wait-listed
to receive individual therapy or counseling from atherapist as
per current standard protocol for managing patients with MDD
in addiction and mental health clinics in Edmonton Zone. Al
above participants may or may not receive pharmacotherapy as
prescribed by apsychiatrist who is independent from the study
team.

Group Cognitive Behavioral Therapy

Thegroup CBT will be offered at 3 addiction and mental health
clinics in Edmonton: Edmonton Community Mental Health
Clinic, Edmonton Hope and Wellness Centre, and Alberta
Health Services (AHS) Clinica Psychology Service. All
therapists will use a manualized CBT protocol with the same
handouts and schedul e devel oped based on the book Mind Over
Mood [15]. The group CBT will be provided to a group of
maximum 10 participants. Each session will be 2 hours long
and will be conducted by certified therapistswith special training
to deliver group CBT. The structure of the session will be
agenda setting, check-in, review of homework, new concepts
or skills, homework assignment, and feedback.

Group Exercise

For scheduled group exercise, the research team will follow the
current recommendations based on a literature review for the
use of exercisefor the treatment of depression and the Canadian
Physical Activity Guide [16] recommendations. Scheduled
group exercises incorporate the following parameters:

« Type: Aerobic or strength training exercises.

« Dose: Three times per week.

« Intensity: Moderate (participant’s self-rated physical activity
of a6 or 7 on the Borg Perceived Exertion Scale of 10
relative to the individual’s personal capacity). Moderate
heart rate level will be calculated (65%-75% of maximum
heart rate) for each participant at the beginning of the study,
and participants will have access to heart rate monitors
(worn on the wrist) to gain an understanding of what
moderate intensity feels like.

« Time: 60 minin moderate heart rate zone per session, with
three sessions per week (180 min per week).

» Duration: 14 weeks.

«  Otherswith supervision: Physical exercise sessionswill be
run by CanFit Pro- or Alberta Fitness Leadership
Certification Association—certified recreational therapists
who will assess the safety of patients’ involvement in
physical activity using the 2018 Physical Activity Readiness
Questionnaire (PAR-Q+) before the initiation of the study
and address any physical problemsto minimize the risk of
any adverse events happening during the sessions. The
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PAR-Q+ isascreening tool to determine safe participation
in exercise. Participantsidentified as potentially at risk with
physical activity will require clearance to participate by
their medical doctor.

Participants will have an opportunity to choose from a variety
of physical activitiesto facilitate ameaningful physical activity
experience that is important for long-term maintenance.
Participants will have the opportunity to engage in three of the
following fitness programs per week for 14 weeks:

« Monday: individual fitnessfor 60 min

«  Tuesday: group exercise or individual fitness for 60 min

«  Wednesday: agua or swimming for 60 min

«  Thursday: track walking and group exercise for 60 min

- Friday: pole walking or hiking according to the season for
60 min.

All participants must consent to participate in the
study-facilitated exercise groups to be considered in the study
because supervision and guidance are required for safety and
ensuring consistent results. During the trial, participants are
encouraged to participate in the exercise options offered. If the
participant engages in the exercise independently, it will be
counted as one of their sessions. Once the trial is completed,
they will be supported to continue with the exercise optionsin
the community. Participantswill be provided with fitness passes
and equipment as needed. It will be explained to the participant
that although the expense of the equipment is subsidized by the
study team to facilitate their participation, they do not have to
participate because of this supportive act. They may keep the
equipment should they decide to withdraw from the study at
any point.

For each session, 2 recreation therapists will provide
programming to a maximum of 20 participants. During the
sessions, the recreation therapists will provide participantswith
information regarding health, wellness, fitness training, and
understanding exertion levelswithin exercise. Participants will
be encouraged to participate at a moderate level of perceived
exertion for the best results (6-7 on a 10-point scale). While
engaging in the exercise programs, the participants will be
self-reporting intensity using arating of the perceived exertion
scale to the facilitators. Each participant must attend at least
75% of programs (32 sessions out of 42 sessions) during the
14-week period to be considered as having completed the
program and for data analysis purposes.

Sample Size

Asthisisapilot study, the research will utilize datathat can be
elicited from participantswho can be enrolled within the existing
operational resources and timeframes. Thismethod isacceptable
for pilot studies with limited data on effect size and has been
described by Haynes et al [17] asusing “the patients | can get”.
The study will therefore belimited to asample size of 120, with
about 40 patients recruited into each arm of the study.

Outcome M easures

We will implement and evaluate the project using the Alberta
Quality Matrix for Health [18].

https://www.researchprotocol s.org/2020/5/€14309
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The outcome measures are detailed in Multimedia Appendix 2.
The primary outcomes include functional variables
(relationships, well-being, and physical activity) and symptom
variables (depression and risk). The secondary client outcomes
include service variables (satisfaction and health utilization).

Randomization and Blinding

Randomization will be enacted via randomly generated codes.
Each study participant will receive arandomization code. Asit
will not be possible for participants to be blinded, treatment
alocation will be made explicit to them as soon as
randomization is concluded. The outcome assessors will be
blinded to treatment group allocation by not involving them in
discussions about the study participants and not granting them
access to the database that contains the randomization code. In
addition, study participants will self-complete al outcome
assessments with the assessor facilitating procedural aspectsif
needed. Moreover, these assessors will not be involved in data
analysis. After datacollection iscomplete, all datawill undergo
ablind review for the purpose of finalizing the planned analysis.

Follow-Up Assessment

Moreover, 12 and 24 weeks after baseline assessments, ablinded
researcher will contact the study participants in all three arms
of the study and assist them in the completion of a range of
assessment tool s related to the outcome measures. The number
of treatment sessions (group CBT, group exercise, or individual
therapy) received by the participants at each time point would
be recorded for participants in al treatment arms. In addition,
participants in the group CBT and exercise arms of the study
would compl ete the assessment toolsweekly during the sessions
and also at midtreatment (7 weeks after starting treatment) and
at the end of the treatment (14 weeks after the treatment
commencement). These self-rated assessments would be
coordinated by the group facilitators.

Statistical M ethods

The primary goal of the statistical analysis will be to produce
summary descriptive statistics for the longitudinal data, which
will provide estimates for future sample size calculations and
enable calculation of effect size. For thethree-armtrial, we will
compare the mean change in scores for primary and secondary
outcome measures from enrollment baseline to 12 weeks and
24 weeks post enrollment into the study, whereas for the
two-arm trial, we will compare the mean change in scores for
primary and secondary outcome measures from treatment
baseline to 7 and 14 weeks post enrollment into treatment, in
addition to comparing the trendsin weekly changein scoreson
the Clinical Outcomes in Routine Evaluation-10-Outcome
Measure between the 2 intervention groups. The data will be
analyzed using repeated measures and effect size analyses, and
correlational analyses will be completed between measures at
each time point. The results of this study will guide the design
for afuture, more highly powered, study.

Patient and Public I nvolvement

The study was designed and finalized based on the
nonsystematic and informal feedback from the representative
patients. This randomized trial also offers patients the
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opportunity to provide feedback via the patient satisfaction
survey.

Results

The study will be conducted in accordance with the Declaration
of Helsinki (Hong Kong amendment) [1] and Good Clinical
Practice (Canadian guidelines) [2]. Written informed consent
will be obtained from each subject. The study has received
ethical clearance from Health Ethics Research Board of the
University of Alberta on September 7, 2018 (Pro 00080975)
and operational approva from the provincia health authority,
AHS, on September 12, 2018 (AHS 43638). The study is
registered with ClinicaTrials.gov on October 21, 2018
(registration number NCT03731728). As of October 13, 2019,
we had enrolled 32 participants. Theresultswill be disseminated
at several levels, including patients, practitioners, academics,
researchers, and health care organizations.

The team of investigators will plan an organizationa
engagement strategy to advance discussions about feasibility
and effectiveness before the conclusion of the trial. This will
help ensure that the findings are a relevant part of the
decision-making processes in a way that is aligned with the
study findings as they emerge. This may facilitate the planning
of a larger study that is endorsed at both leadership and
operational levels so that the potential benefits of the
interventions can reach patients in a more timely fashion.

Discussion

Expected Results

The results of the study will provide important information
about the effectiveness of group CBT and or group exercisein

Acknowledgments
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the treatment of MDD. This will augment the literature in this
area and also provide practical examination to see if benefits
can be derived from the addition group treatment modalitiesto
TAU. Currently, patients with MDD referred to addiction and
mental health clinics in Edmonton Zone may wait for weeks
before receiving care from a health care professional in a
one-to-one setting. Long wait may negatively impact patients
well-being, personal and occupational function, and satisfaction
with care, and a group-based treatment may serve as an
aternative for patients with MDD, which can be more
expediently accessed.

The results of the pilot trial may inform the implementation of
a multicenter clinical trial and provide useful information for
administrators and clinicianswho areinterested in incorporating
these interventions into existing care. The investigators expect
that the pilot findings will inform and support administrative
decision making with regard to further scaling and studying the
intervention within the province of Alberta and beyond.

Strengths of This Study
The following are the strengths of this study:

« Randomization of participants will ensure that patientsin
the three treatment arms have fairly similar psychiatric
morbidity at baseline.

«  Blinding of the outcome assessors and the use of self-rating
scales for the primary outcome measures will ensure the
elimination of bias in the outcome measures.

Limitation of This Study

Therather small sample size may reduce the power of the study,
which will limit the ability of the study to detect differencesin
outcome measures among participants in the three treatment
arms.
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Abstract

Background: Cancer patients transitioning to survivorship after completing cancer treatments need psychosocial interventions
to manage stressors such as anxiety, depression, and fear of cancer recurrence. Mindfulness-based interventions (MBIs) are
effective for treating these symptoms; however, cancer survivors are often unable to participate in face-to-face interventions
because of difficulties such aswork and family commitments, treatment-related side-effects, scheduling conflicts, and geography.
Smartphone app—based M Bl s are an innovative way to deliver psychosocial cancer care and can overcome several such difficulties,
since patients can participate at their own convenience.

Objective: The SEAMLESS (Smartphone App—Based Mindfulness Intervention for Cancer Survivors) study aimsto evaluate
the efficacy of a taillored app-based mindfulness intervention for cancer survivors (the Am Mindfulness-Based Cancer
Survivorship—MBCS—Journey) for treating (1) symptoms of stress (primary outcome), aswell as (2) fear of cancer recurrence,
anxiety, depression, fatigue, and overall physical functioning (secondary outcomes). Thisis the first Canadian efficacy trial of a
tailored mindfulness app intervention in cancer survivors.

Methods: Thisisarandomized waitlist-controlled trial, which will evaluate the effectiveness of Am MBCS for impacting the
primary and secondary outcomesin cancer survivors who have completed all their cancer treatments. Outcomes will be assessed
using web-based surveys with validated psychometric instruments at (1) baseline, (2) mid-intervention (2 weeks later), (3)
immediately postintervention (4 weeks), (4) 3 months postbaseline, (5) 6 months postbaseline, and (6) 12 months postbaseline.
The waitlist group will complete all assessments and will cross over to the intervention condition after the 3-month assessment.
In addition, datawill be obtained by the smartphone app itself, which includes users’ engagement with the app-based intervention,
their emotional state (eg, angry and elated) from a user-inputted digital emotion-mapping board, and psychobiometric data using
photoplethysmography technol ogy.

Results. The study received ethics approval in September 2018 and recruitment commenced in January 2019. Participants are
being recruited through a provincial cancer registry, and the magjority of participants currently enrolled are breast (44/83, 53%)
or colorectal (17/83, 20%) cancer survivors, although some survivors of other cancer are also present. Datacollection for analysis
of the primary outcome time-point will be complete by September 2019, and the follow-up data will be collected and analyzed
by September 2020. Data will be analyzed to determine group differences using linear mixed modelling statistical techniques.

Conclusions: Cancer care providers are uncertain about the efficacy of app-based mindfulness interventions for patients, which
are available in great supply in today’s digital world. This study will provide rigorously evaluated efficacy datafor an app-based
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mindfulness intervention for cancer survivors, which if helpful, could be made available for psychosocia care at cancer centers

worldwide.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(5):€15178) doi:10.2196/15178

Clinical Trials.gov NCT03484000; https://clinicaltrials.gov/ct2/show/NCT03484000
DERR1-10.2196/15178

KEYWORDS

mobile health; psycho-oncology; mindfulness; mind-body therapies

Introduction

Background

Previousresearch suggeststhat cancer survivorsin Canadahave
several unmet psychosocial needs after completing treatments,
which differ from patients newly diagnosed or undergoing
treatment [1]. Almost half of all cancer survivors experience
symptoms from late and long-term effects of treatments such
as fatigue, pain, and distress [2]. Concurrently, they must deal
with psychosocia stressors such as anxiety, depression,
uncertainty about the future, and fear of cancer recurrence as
they transition back to their previous roles and responsihilities
at home and in the workplace; these factors can impair their
quality of life, performance at work, and their ability to
contribute to society [3,4]. Furthermore, the number of cancer
survivors in Canada continues to rise due to rapid advancesin
early detection and treatmentsfor cancer in an aging population.
The most recent data suggest there are over 800,000 Canadians
living with a history of cancer diagnosed in the previous 10
years [5]. Moreover, these numbers are expected to increase
since survival data indicate 60% of Canadians with the top 4
most common cancer diagnoses are expected to survive at least
5 years postdiagnosis [6].

Similar trends of rising numbers of cancer survivors have been
reported in the United States, and the world over [2]. Thus,
cancer survivors globally can benefit from innovative
interventionsthat addresstheir unique psychosocia needsduring
survivorship. A growing body of evidence supportsthe efficacy
of arange of mind-body therapiesin alleviating these and other
symptoms in cancer patients and survivors [7]. Among these
therapies, mindfulness-based interventions (MBIs) have
demonstrated significant efficacy in impacting psychosocial
and physical health in the cancer population, such as the
Mindfulness-Based Cancer Recovery (MBCR) program, a
9-week group behavioral treatment program that trains
participants in mindful ness techniques through meditation and
gentle movement practices[8].

Theinvestigators on thisresearch team LC and M S have studied
MBCR for the past three decades and have tested its efficacy
in a range of studies and groups of people with cancer, with
success in impacting a range of biological and psychosocial
outcomes including, but not limited to, symptoms of stress,
quality of life, and mood disturbance [8-10]. This body of work
on MBCR has spanned basic mechanistic research to clinica
trialsand implementation science. Most research studies of this
nature have tested MBIs such as MBCR when delivered face
to face in a group-based setting, although a variety of

https://www.researchprotocols.org/2020/5/€15178

online-based and digitally adapted MBIs are now available to
patients through smartphone apps[11]. Mobile app—-based MBIs
for cancer patients and survivors alow for considerable
flexibility and appesal, especially since they eliminate the need
for travel time and problems due to scheduling conflicts[11,12].

Digital Health Interventionsin Cancer Care

One of the most significant social and economic changesin the
modern world has been the use of computer technology and the
internet. Recent data indicate that 76% of Canadians now own
a smartphone device with data connection across all
demographic groups, and the numbers are projected to increase
consistently [13,14]. The popularity of this medium is of great
interest for health practitioners, researchers, and policy makers
considering the wide-ranging capabilities of smartphone devices.
In the field of cancer care, reviews of internet and smartphone
app-based interventions for cancer patients and survivors have
suggested that cancer patients find these interventions to be
highly acceptable and feasible [15,16]. Furthermore,
psycho-oncology researchers have advocated for moreresearch
with psychosocia interventions that can be delivered using the
internet and smartphone apps in the cancer population [15-17].

Benefits of App-Based and Online Mindfulness
I nterventions

App-based and online mindfulness-based interventions
circumvent problems with traditional face-to-face delivery of
MBCR such as work schedules, conflicts with other
appointments, lack of childcare, and residing far from treatment
centers in remote locations. Another potential benefit of
app-based and online mindfulness interventions in cancer care
is the considerable cost savings for the health care system
without compromising on the quality of care, as online and
artificial intelligence technologies can simulate the real-world
experiences; in addition, studies have shown these interventions
to be highly feasible and acceptable. For example, authors LC
and MS conducted a feasibility trial of online MBCR, which
found that more than 80% of participants completed the online
MBCR program, and a 10% response rate to recruitment | etters
was achieved (the target was 5%) [18]. Also, recent systematic
reviews and meta-analyses of app-based mindfulness
interventions in the cancer population report high feasibility
and acceptability; albeit engagement is an important variable
to consider for intervention success [16,19,20].

However, while there are hundreds of commercially available
mindfulness training apps, eg, Headspace, Calm, and 10%
Happier [21,22], only Headspace has been customized for
cancer patients and been scientifically evaluated [21]. Datafrom
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arandomized waitlist-controlled trial and a prospective cohort
study of Headspace have demonstrated good overall efficacy
for improving outcomes such as quality of life and anxiety in
women diaghosed with breast cancer [21,23]. However, the
overall science of app-based MBIsistill initsearly stagesand
far from achieving consensus about efficacy of intervention
platforms, as well as understanding mechanisms of action
[12,17]. For example, this is demonstrated by a randomized
trial of Headspace with college studentsthat reported no effects
for the mindfulness component of Headspace's app-based
program [24].

Furthermore, Headspace's audio content is exclusively voiced
and delivered by the app’sfounder in amonol ogue format [25].
This approach may not connect with all cancer patients and
survivors,  considering  the importance of  the
patient-psychotherapist relationship in determining the success
of any psychotherapeutic practice[26,27]. Also, cancer patients
and survivors are more inclined to accept and utilize content
created and delivered by clinical experts, for reasons such as
source credibility and condition-specific content [28-30]. The
research team for this study was interested in developing an
app-based MBI for cancer survivors that simulated the
interactive dial ogic approach used in the MBCR program. The
research team chose to evaluate the Am Mindfulness app as it
could potentially address the gapsin the design and delivery of
app-based MBI s for the cancer popul ation.

AmMindfulnessisareadily editable digital platform with audio
and visual capabilities and its content can be updated and
modified with automatic app updates. Am Mindfulness was
developed and is maintained by Mobio Interactive (MI) Inc.
[31], aCanadian technology company based in Toronto, Canada,
cofounded by MT and BS; user data are maintained on secure
servers in Canada and meet security and Health Insurance
Portability and Accountability Act privacy standards required
for medical data. The name for Am Mindfulness, referred to
simply as, Am, and pronounced “ahm” was chosen by M1 for
several reasons. First, “am” is the present tense of the verb “to
be,” which isalinguistic embodiment of mindfulness given the
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high emphasis that mindfulness practices place on observing
the present moment. Second, because of how “Am” is
pronounced, it sounds similar to both the word for “soul” in
French (“&me") and the chant “ohm” used in ancient meditative
practicesfrom India. Finally, the name“Am” isrelatively smple
and less likely to bias individuals on the app’s purpose or
offering in the way that names for other meditation-focused
apps such as“Cam” or “ Smiling Mind” may.

Thedesign of AmMindfulnessallowsfor considerableflexibility
with delivering content in real time through the “ Journeys’ app
feature. Each app-based “Journey” involves a sequence of
custom audio tracks, visuals with text and in-app exercises
designed with a particular objective, eg, mindful survivorship.
The content of a*“Journey” can be seamlessly introduced and
refined for a patient population in real time. M| describes their
major motivation for creating the “Journeys’ feature in Am
Mindfulness as their commitment to create and deliver diverse
content voiced over by clinical experts, in addition to
mindful ness practitioners, to addressthe needs of specific patient
populations [32]. Evidence from arecent randomized trial with
a prerelease version of the Am Mindfulness app (called
Wil dflowers) has demonstrated efficacy evidence for reducing
anxiety in college students before a stressful event of an
examination [33].

Inthisproject, the AmMindfulness-Based Cancer Survivorship
(MBCS) journey was developed and recorded in the voices of
MBCR program facilitators LC and MS. Several audio tracks
in the Am MBCS journey have a dialogue and interaction
between LC and MS, who areclinical psychologistsand leading
expertson mindfulness-based cancer recovery, having developed
and scientifically evaluated the MBCR program together for
over 20 years. Details of the Am MBCS journey are described
in the Intervention section and illustrated in Figure 1. In this
study, we intend to test the efficacy of the Am MBCS Journey,
referred to hereon as Am MBCS, to reduce stress in cancer
survivors. As secondary objectives, we will investigate the
feasibility of recruitment aswell asthe usability of the app and
in-app data on specific usage patterns.
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Figure 1. The Mindfulness Based Cancer Survivorship (MBCS) Journey Contained within Am. (A) Navigation menu. (B) Core audio content (C)

In-app exercises.
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Methods

Study Design

The study isatwo-armed randomized waitlist-controlled design
with 1:1 alocation to treatment (immediate Am MBCS app
group) or control (waitlist usual care) arms, with assessments
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at six time points: (1) baseline, (2) mid-intervention (2 weeks
later), (3) immediately postintervention (4 weeks), (4) 3 months
postbaseline, (5) 6 months postbaseline, and (6) 12 months
postbaseline. A detailed study flowchart is shown in Figure 2.
Thisis an open-label trial, as blinding to interventions is most
often not possible in psychosocial intervention research.
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Figure2. SEAMLESS Study Flow Chart. Includes study design, stage, and all time points of data collection for study assessments.
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Assessment 4: Follow-up #1 | TO + 3 months | Assessment 4: Follow-up #1:
‘ — 3 months” post-baseline

l

Assessment 4a: T i
Midpoint of TO + 3.5 months Am Mindfiilness . :
: — v 1 month
Intervention for App-based program R
________ | WCG l

"""" | Assessment 4b: Immediately
l TO + 4-4.5 months l Post Intervention for WCG

"""" 1
} : 2 months !
—_ Lo (]

A J

Assessment 5: Follow-up #2: T0 + 6 months | | Assessment 5: Follow-up #2:
6 months’ post-baseline | 6 months” post-baseline

Assessment 6: Follow-up #3: | Assessment 6: Follow-up #3:
12 months’ post-baseline T0 + 12 months 12 months’ post-baseline

Participants this study will be included. Inclusion criteria are intentionally

broad to be pragmatic and improve generalizabhility to the rea
Cancer survivors with any type of cancer who have completed  world. Refer to Table 1 for detailed rationale for each inclusion
their active treatments at least 2 weeks before recruitment in - gnd exclusion criterion.
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Table 1. Inclusion and exclusion criteria.
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Criteria

Rationale and notes

Inclusion

(1) Men and women over the age of 18 years

(2) Completed all cancer treatments 2 weeks before
enrollment

(3) Access to a smartphone with data connection

(4) Willing to give time for mindfulness practice

(5) Sufficient ability to speak and read English

(6) Willingness to be randomized into immediate
or waitlist groups and complete all assessments

Exclusion

(2) Suffering from current major depressive disor-
der, or other psychiatric disorder (self-reported)
that would interfere with the ability to participate

(2) Currently engaging in mindfulness meditation
one or more times per week

(3) Cognitiveimpairment that would interfere with
completing questionnaires or the intervention; <6
on the Brief Screen for Cognitive Impairment

Both men and women are included to broaden the generalizability of results and allow sex
comparisons. All participants must be adults.

A brief period of timeisrequired for patients to recuperate after their last treatment, before
starting a new intervention.

Patientswill require accessto asmartphoneto participate. The study team will communicate
primarily by phone, text message, and email. In case some patients' do not have a data plan
or an insufficient data plan with their smart phone, we will pay for their data connection (up
to 0.5 GB/month).

Patients need to have the motivation to devote approximately 20 to 30 min daily, whichis
equal to 5to 7 sessions aweek over the course of 1 month to do the mindfulness meditations
and practices.

The audio lectures and meditations and assessments will be conducted in English, so partic-
ipants must be able to understand the audio and fill out the questionnaires.

People must be comfortable with potentially having to wait to get access to the app-based
program for another 3 months, as well as be motivated to give 30 to 40 min of their time to
complete the online survey assessments.

Evidence indicates that participants with active psychological disorders should be first
treated for these problemsindividually, before engaging in experimental mental health and
meditation programs of this nature, which are not intended to treat these disorders.

To ensure sample homogeneity, the study will include participants who are NOT currently
practicing mindfulness, using an app or otherwise. However, thiswould not exclude everyone
who may have casually experimented with the aforementioned interventions in the past.

Peopl e require enough cognitive capacity to compl ete the questionnaires, navigate and listen
to the app and complete homework independently. The BSCI only rules out those with sig-
nificant cognitiveimpai rment and will not exclude those with the milder cognitiveimpairment

(BSC) [3]

associated with cancer-related “ brain fog.”

Recruitment

Potential participantswill berecruited at acomprehensive cancer
center in Western Canada from a Provincial Cancer Registry.

Alberta Cancer Registry

The Alberta Cancer Registry (ACR) is a population-based
registry, established in 1942, that records and maintains data
on all new cancer cases and cancer-related deaths occurring in
the province of Alberta. Theregistry recordsinformation about
the type of cancer and cancer treatments, as well as personal
information, such as name, date of birth, sex, provincia health
care number, and postal code. The ACR will contact all potential
participants on behalf of the research team with a study
information | etter with the research team’s contact information.
Potential participants will include patients diagnosed with any
type of cancer, who completed their treatments at |east 2 weeks
prior and who reside outside the Calgary metropolitan region.
The geographical criteriawere chosen to access cancer survivors
in urban and rural areas of Alberta that are distant from the
University Health Center, as most mindful ness-based programs
and studies have been mainly accessible for residents of the
Calgary metropolitan region due to its proximity to the
University Health Center. The ACR’smethod of contact ensures
patient privacy and provides patients the choice to participate
inthe study. Interested participantswill then contact the research
team, and then are further screened for inclusion criteria

https://www.researchprotocols.org/2020/5/€15178

Sample Size

In previous studies with face-to-face group MBCR, we have
observed medium effects for symptoms of stress (measured by
the Calgary Symptoms of Stress Inventory [C-SOSI]) as the
primary outcome and expect similar effectsin this study. Also,
recent meta-analyses of MBlsand psychosocia stress outcomes
have demonstrated a similar medium standardized effect size
of Cohen d=0.5 for stress [34]; aso, most MBI studies collect
their primary outcome at 3 months postbaseline as most
mindfulness interventions span 6 to 10 weeks [7,34]. For this
study, we therefore used a medium effect size (f=0.25) to
conduct an a priori sample size calculation using the software
G*Power 3.1.9.3 developed and maintained by researchers at
Heinrich Heine University Dusseldorf [35]. The other
parameters for estimating the sample size included, a standard
type-1 error rate, a=.05, and alow risk of type-2 error, power
(1-B)=.95, to detect interaction effects between time points
(baseline and 3 months postbaseline) and group (intervention
and control) using arepeated measures analysis of variance with
correlation among repeated measures assumed to be 0.5 and
nonsphericity correction e=1. The total required sample size
reported by G*Power was 54 participants to detect such an
interaction effect.

In addition, based on our previous experience with online and
in-person MBI trials and previous app-based studies
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[10,18,20,34,36], we assumed approximately 20% attrition and
10% to 15% probability of missing data. Therefore, we
oversampled for this study accordingly. Hence, the final total
sample size we aim to recruit in this study is N=74, with n=37
in the immediate intervention arm and n=37 in the waitlist
control arm. Pleaserefer to Figure 2 for the study flowchart that
describes estimated sample size cal cul ations at each assessment.

Randomization

Participants will be randomized by the study statistician, by
generating participant | D numbersand group all ocationsfor the
entire study in advance using a random number generator
program in SPSS. Block lists of randomized participant IDs
will then be uploaded to the Research Electronic Data Capture
(REDCap) randomization module, which will alow the study
staff to provide immediate group allocation to participants after
completion of consent procedures. Only the study statistician
will develop the group assignments, which are locked by
REDCap after upload, to prevent selection bias. Randomization
will occur after the baseline assessment, and those in the
immediate AmMMBCSintervention group will get atext message
and email containing the link to download the Am Mindful ness
app, from the Android or Apple app store. The waitlist control
group will be informed that they will need to wait for the
intervention and will be contacted when they can download the
AmMindfulness app and start the intervention.

Informed Consent Procedures

Informed consent will be obtained electronically through the
secure, web-based app designed to support data capture for
research studies, REDCap, which is supported by the technology
team at the University of Calgary, Canada, where this research
is being conducted. REDCap’'s web-based app uses secure
two-factor web authentication, datalogging, and secure sockets
layer encryption that ensuresthe security and confidentiality of
private information for obtaining informed consent [37]. An
email with a survey link will be sent to the participant. After
the participant clicks on the link for the study from their email
client, the first page of the REDCap survey for this study will
open in anew window or tab and will contain the details of the
informed consent form. Participants will check the box “Yes”
that asks them whether they completely understood the terms
of their voluntary participation in the study.

Participants will then actively provide el ectronic consent to the
study by clicking onthe“Agree” button, which will be preceded
by stating that, “ Clicking on the ‘Agree’ button below indicates
that (1) you have read the informed consent information, (2)
you voluntarily agree to participate, and (3) you are at least 18
years of age.” Participants will also have the option to opt out
of the study by clicking the “Disagree” button, which will be
followed by the statement, “If you do not wish to participate in
the research study, please decline participation by clicking on
the ‘ Disagree’ button.”

Only those participants that click on “Agree” will be able to
proceed with completing the rest of the questionnaires.
Participants will be able to download and save a PDF version
of the consent form for their records. Participants will enter
their name, email, and cellphone number after completing the
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form. After participants provide their online consent, they will
be asked to compl ete the baseline measures online on REDCap.
Subsequently, participants will be sent a study welcome email,
whichwill contain orientation material and instructional pictures
and videos about how to use the Am app, and instructions for
the 4-week intervention. In addition, the study staff will also
conduct a study orientation phone call to guide participants to
using the app with ease.

Intervention

The Am Mindfulness-Based Cancer Survivorship
Journey

Am Mindfulness (“Am”; second generation of the app,
Wi dfl owers Mindfulness) supports a personalized mindfulness
practice through guided meditations, audio lectures and
discourses, reminders, a timer to facilitate self-guided
meditation, journaling features, and psychobiometric recordings
and feedback. The Am app is currently available in four
languages (English, Mandarin, Dutch, and German) and can be
viewed and downl oaded from the Android and A pple app stores
with the platform-agnostic link [38]. Within Am, study
participants will be instructed to accessthe AmMMBCSjourney.
Am MBCS has atotal of 27 steps that include, audio-recorded
lectures, guided meditations such as body scans, and writing an
events journal; see Figure 1 to screenshots of the Am MBCS
journey contents. The curriculum is based on our previous
experience with the evidence-based MBCR program and related
meditations, which isdescribed under 5 discrete units of learning
in Table 2. The content of the audio instruction by LC and MS
issimilar to that delivered in thein-person classes on these units,
with examples specific to situations and symptoms common
for people living with cancer. Common topics such as coping
with pain, insomniaand fear of cancer recurrence areincluded.

Participants will be encouraged to participate in the app-based
activitiesfor 20 to 30 min every day, with aminimum of 4 days
in aweek, over a period of 4 weeks. To promote engagement
with the app-based program, user data will be tracked
confidentially (see the section on Feasibility, Acceptability,
Adherence, and Contamination) and userswith |ow engagement
will be sent text messages to promote app usage, eg, “Please
remember to listen to your Am MBCS mindful ness recordings
for today.” Text messages will be delivered using the secure
communications platform, Twilio [39]. Also, the research team
will monitor participant engagement metrics on a daily basis,
and low or nonengaged users will receive a phone call with
support for problem solving. In addition, Am Mindfulness also
sends users regular push notifications, which appear as
motivational messages on the user’'s mobile screen that may
also promote engagement.

Patients using the app can also access the meditations on Am
through the app’s “Library” feature, which contains all the
meditations on the app indexed by author and name. Although
some meditations are perpetualy free, users need to pay for the
full selection of guided sessions and biofeedback technology;
therefore, participants in this study will be provided with a
12-month paid subscription to the Am app.
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Table 2. App-based mindfulness-based cancer survivorship curriculum.
Unit#  Topicsor focus of module Meditation Exercise
1 What is mindfulness; why mindfulnessfor cancer?, belly breathing Body Scan (short) Positive events journa
exercise; introduction to Body Scan with focus on cancer-related
changes in the body.
2 Mindful attitudes (nonjudgment, acceptance, nonattachment) in ~ Mindfulness of breath and mindful  Negative events journal
the context of cancer. movement
3 Stress response; biology of stress, stressand cancer; link between  Mini breathing exercises, mindful ~ Symptoms of stress checklist or
inner narrative and chronic stress; sleeping well exercise. movement, and walking meditation mapping stress on the body
4 Stinkin® Thinkin’; maladaptive stories we tell ourselves; common Open awareness Thought log
cognitive distortions with cancer-related examples; coping with
thoughts and fears of cancer recurrence.
5 Introduction to guided imagery; using imagery to cultivateloving Mountain meditation and compas-  Intention or plan moving forward

kindness toward the suffering of self and others.

sion meditation Body Scan (long)

Am’s App-Based Stress M easurement

The Amapp also hasfour innovative stress measurement features
that serve as exploratory outcomesfor thistrial. First, cognitive
stress is objectively quantified via a 30-second “selfie” video
that uses an algorithm to extract heart rate and heart rate
variability from the biosignalsinherent to the human face using
photopl ethysmographic imaging principles [40]. The amount
of cognitive stress is determined via deep neural networks
trained on tens of thousands of video and stress pairings and
has reported 86% accuracy for determining anindividual’s stress
as“very low,” “medium low,” “medium high,” and “very high”
[41]. Second, emotional stress levels are obtained via a digital
4-quadrant emotion mapping board (mood board) that lists
emotions such as “happy,” “sad,” and “tense” ranging on one
axis from unpleasant to pleasant, and along another axis from

mild to intense; see Figure 3 for screenshots of the in-app stress
assessments. Each emotion listed within the mood board is
associated with ascorethat isnot disclosed to the user and used
to calculate mood. Third, subjective stress is obtained via a
slider ranging from “none” to “extreme.” Fourth, personal notes
are input using an open field text box. The output of the mood
board and stress dider provides data that have been
benchmarked to standard psychological surveys[33].

The Am app uses secure web authentication, data logging, and
encryption that ensures security and confidentiality of any
personal identifiable information and in-app data. Am and its
previous version WIdflowers have together received
approximately 100,000 downloads and Am is rated 4.8 stars
from 23 reviewsin the Canadian Apple app store as of July 30,
2019.

Figure 3. In-App Psychobiometric Assessments within Am. (A) “ Selfie” video using photoplethysmography technology to quantify stress; (B) “Mood
board” containing 32 emotion words and “stress slider” for stress self-assessment; and (C) “Journaling” feature to input experiences.
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Procedures

Experimental Group

Participants will be provided a 12-month paid subscription to
Am. The first month of this Am subscription is dedicated to the
study intervention. Users will be encouraged to participate in
the app-based activities for 20 to 30 min every day, with a
minimum of 4 daysin aweek, after which they will get reminder
notifications.

Waitlist Control Group

Participants will receive treatment as usual, followed by a
delayed (waitlist) intervention of the same Am M BCS app-based
intervention after the 3-month postbaseline assessment of the
Am app intervention group (see Figure 2). Control group
participantswill get accessto the Amapp only after completing
their 3-month waiting period.

Trial Registration and Reporting

Thistrial has been registered at the Clinical Trials.gov database
of privately and publicly funded clinical studies[42]. Theresults

https://www.researchprotocols.org/2020/5/€15178
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will be reported as per the updated Consolidated Standards of
Reporting Trials (CONSORT) eHealth checklist [43] version
1.6.1. and will follow guidelines and the flow diagram for
reporting nonpharmacological treatments [44].

Outcome M easures

The outcome measures employed in this study include a series
of well-validated psychometric instruments for ng a
variety of psychosocia constructs. See Table 3 for a detailed
description of outcomes. We will also use the standardized
outcome measures available from the Patient-Reported
Outcomes M easurement | nformation System (PROMIS), which
isaset of person-centered measures that evaluate physical and
psychosocial health in adults and children [45]. The advantage
of using PROMIS measures is that they are psychometrically
sound and have been created to berelevant acrossall conditions
for the assessment of symptoms and functions[45]. Finally, we
are also going to obtain and analyze the data from the Am app
with regard to the user’s sl f-report, biometrics, and engagement.
The entire battery of questionnaireswill be completed securely
online and requires approximately 30 to 45 min.
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Table 3. Outcome measures.

Construct Measure (abbreviation) Description

Screening measures

Cognitive function Brief Screen for Cognitive Im-  The BSCI consists of 3itemswhich are asked to the patient over the phone. Thefirst
pairment (BSCI) [46] item on the BSCI consists of amemory recall question, and the other 2 items ask
about ability to carry out daily tasks without help. The scores obtained from the 3
items are then weighted and summed to arrive at the final BSCI score wherein >6is
significant impairment.

Background measures

Demographics and Age, sex, marital status, educa-  Age, sex, marital status, education, other medical conditions, and medications. All
medica history tion, other medical conditions,  these constructs will be assessed using standardized self-report items.
and medications

Primary outcome

Symptoms of stress Calgary Symptoms of StressIn- The C-SOS| is a 56-item scale, derived from exploratory factor analysis on the 95-

ventory (C-SOSI) [47] item Symptom of Stress|Inventory (SOSI) collected from cancer patientswho attended
our MBCS program. A 5-point scale (“never” to “very frequently”) is used to rate
the frequency of stress-related symptomsin the past week. Thereisatotal score and
8 subscal es (depression, anger, muscletension, cardiopulmonary arousal, sympathetic
arousal, neurological or Gl, cognitive disorganization, and upper respiratory symp-
toms), al of which have high internal consistency (0.80 to 0.95), and the total score
has good convergent and divergent validity with other well-validated measures.

Secondary outcomes

Fear of cancer recur- Fear of Cancer Recurrencelnven- FCRI contains 42 items, evaluating 7 components associated with the fear of cancer

rence tory (FCRI) [48] recurrence: triggers, severity, psychological distress and functioning impairments,
insight scale, reassurance, and coping strategies. Each item is measure one a Likert
scaleranging from O (not at al or never) to 4 (agreat deal or al thetime). Total score
can be obtained from each subscale and atotal FCRI score can be obtained by adding
thetotal scoresof al subscales, higher scoresindicate higher levels of fear of cancer

recurrence.
Mindfulness Mindfulness Attention Aware-  MAASisal5-item scale, designed to assess characteristics associated with mindful-
ness Scale (MAAS) [49] ness, such as open or receptive awvareness of and attention to what istaking placein

the present. Participants use ascale from 1 to 6 (almost always to almost never), to
indicate how freguently or infrequently they have each experience. Higher scores

reflect higher levels of dispositional mindfulness. A thorough validation process has
demonstrated the reliability and validity of the MAASwith high internal consistency,

0=.86.
Rumination Rumination-Reflection Question- The RRQ is a 24-item, 5-point Likert Scale. The rumination subscale of the RRQ
naire (RRQ) [50] assesses recurrent, primarily past-oriented thinking about the self, which is prompted

by threats, losses, or injustices to the self. The scale correlates with mindfulnessin
expected directions and has demonstrated high internal consistency of a=.92.

Experiential avoidance Acceptanceand Action Question- The AAQ was developed to measure experiential avoidance, the tendency to nega-
naire (AAQ) [51] tively evaluate internal experiences. (eg, emotions and body sensations), unwillingness
to bein contact with such experiences, and the need to control or ater them or the
contexts that engender them [51]. The psychometric properties of versions of the
AAQ have been well established in clinical (eg, anxiety disorder) and nonclinical
samples. The 16-item AAQ that will be used in this study produces a single factor,
with acceptable internal consistency, a=.77.

Anxiety Patient-Reported Outcomes PROMIS-Anxiety questionnaire assesses the anxiety domains of self-reported fear
Measurement Information Sys-  (fearfulness, panic), anxious misery (worry, dread), hyperarousal (tension, nervous-
tem (PROMIS)-Cancer Bank v ness, restlessness), and somatic symptomsrelated to arousal (racing heart, dizziness).
1.0-Anxiety [52] All PROMIS-Cancer instruments were developed for use with any cancer patient.

The PROMIS-Cancer Anxiety item bank contains atotal of 22 items, 20 of which
are also in the PROMIS-Anxiety item bank, so it can be correlated with studies of
other clinical populations. The PROMIS-Cancer Anxiety item bank will bedelivered
to patientsin thisstudy. The PROMIS-Cancer Anxiety has demonstrated high internal
consistency (Cronbach 0>.9).
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Construct Measure (abbreviation)

Description

PROMIS-Cancer Bank
v1.0-Depression [53]

Depression

PROMIS-Cancer Bank v1.0—Fa-
tigue [54]

Fatigue

PROMIS-Cancer Bank
v1-Physical Function [55]

Physical Function

Return to work Employment, hours of paid work,
ability to work, and rate of re-

turn-to-work at 12-months

Exploratory measures

Mood, stress, and intent for
mindfulness

User self-report

User biometrics Heart rate, respiratory rate, and

relative blood oxygen saturation

PROM I S-Depression questionnaire for cancer patients assesses the domains of de-
pression, which include self-reported negative mood (sadness, guilt), views of self
(self-criticism, worthlessness), and socia cognition (loneliness, interpersonal alien-
ation), aswell asdecreased positive affect and engagement (loss of interest, meaning,
and purpose). Somatic symptoms (changesin appetite, sleeping patterns) are not in-
cluded. The PROMIS-Cancer Depression item bank contains atotal of 30 items, 23
of which are aso in the PROMIS-Depression item bank, so it can be correlated with
studies of other clinical populations. The PROMIS-Cancer Depression item bank
will be delivered to patientsin this study. The PROMIS-Cancer Depression has
demonstrated high internal consistency (Cronbach a>.9).

PROMIS-Cancer Fatigue measure assesses a range of self-reported symptoms from
mild subjective feelings of tiredness to an overwhelming, debilitating, and sustained
sense of exhaustion that likely decreases one’s ability to execute daily activities and
function normally in family or social roles. Fatigueis divided into the experience of
fatigue (frequency, duration, and intensity) and the impact of fatigue on physical,
mental, and socid activities. The PROMIS-Cancer Fatigueitem bank containsatotal
of 54 items, all of which are also in the PROMIS-Fatigue item bank and will be de-
livered to patientsin this study. The PROMIS-Ca Fatigue has demonstrated high
internal consistency (Cronbach a>.9) in numerous studies within cancer and other
clinical populations [54].

PROM I S-Physical Function instruments measure self-reported capability rather than
actual performance of physical activities. Thisincludes the physical functioning,
mobility as well asinstrumental activities of daily living, such as running errands.
The PROMIS-Cancer Physical Function has items specific to cancer patients and
survivors. The PROMIS-Cancer Physical Function item bank contains atotal of 45
items, 33 of which are also in the PROMIS-Physical Function item bank [55], and
will be delivered to patientsin this study. The PROMIS-Cancer Physical Function
has demonstrated high internal consistency (Cronbach o>.9).

Self-reported work status will be assessed at each time point including (1) current
working status (working full-time; part-time; retired; short- and long-term disability;
unpaid homemaker); (2) weekly hours of paid work; and (3) job type using awell-
established job classification system. If applicable, participantswill be asked at follow-
up on what date they returned to paid work.

Stress: Adjusting adynamic slider between the minimum score “no stress’ and the
maximum score “max stress.”

Mood Board: Participant can select between 1 and 24 “mood words” that indicate
how they are feeling, eg, angry, happy, elated, and sad.

Photopl ethysmographic imaging, which is the measurement of volumetric change
observed via the selfie camera of the smartphone, provides data that can be used to
infer user biometrics, such as heart rate, respiratory rate, and relative blood oxygen
saturation.

Feasibility, Acceptability, Adherence, and
Contamination

Feasihility of I ntervention

of page and screen views, mindful activities in the app, total
time spent on the mindfulness audio tracks, and number of daily
visitsto the app. Amalso records which lessons and meditations
participants accessed frequently. Participants with low
engagement during the Am MBCS intervention period, defined

The ACR providesthe specific number of potential participants
contacted for the study across the province. The number of
participants who were invited through the registry, those who
contact the team showing interest, as well those screened for
eligibility, completion of intervention, and each assessment
point will be tracked (see Figure 2). Intervention response rate
and overal completion rate will be calculated from the
af orementioned data points.

Acceptability, Adherence, and Engagement

The app usage of patients will be tracked through the
engagement data from the app, which include session length,
identity, type and frequency, points and badges earned, number

https://www.researchprotocols.org/2020/5/€15178

as less than 4 times a week, will get reminder notifications
through text message and phone call swith resourcesfor problem
solving. Acceptability and adherence to the intervention will
be estimated from the engagement obtained from the app and
completion rate of outcome assessments

Contamination

A standardized form assessing the use of a range of
complementary therapies will be administered at each time
point. We will also ask the waitlist control group if they used
any other mindfulness or meditation apps during their 3-month
waiting period.
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Objectives and Hypotheses

Objective 1: Primary Outcome

The first objective is to evauate the efficacy of the Am
app-based MBCS program to relieve symptoms of stress
(primary outcome).

Hypothesis 1: Compared with controls, the Am app—based
MBCS program participants will report significantly less
symptoms of stressat 3 months postbaseline (primary outcome)
assessment.

Objective 2: Secondary Outcomes

The second objective is to evaluate the efficacy of the Am
app-based MBCS program to decrease the fear of cancer
recurrence, anxiety, depression, and fatigue, and to improve
overall physical functioning (secondary outcomes) at 3 months
postbaseline assessment.

Hypothesis 2: Compared with controls, the Am app—based
MBCS program participants will report significantly less fear
of cancer recurrence, rumination, experiential avoidance,
anxiety, depression, and fatigue, and increased mindfulnessand
overall physical functioning at 3 months postbaseline (secondary
outcomes).

Objective 3: Exploratory Outcomes

This includes the exploratory aims as follows: (1) to explore
correlations between the self-reported outcome data and the
psychobiometric data collected by the Amapp, (2) to determine
changes over time between the Am app—based MBCS program
and the waitlist control group.

Hypothesis 3: Self-reported data obtained from all participants
will significantly correlate with the app-based self-reported
stress data and biometric stress data.

Hypothesis 4: To determine the short-term, medium-term, and
long-term effects of the Am app—based MBCS program with
regard to the primary and secondary outcomes collected at all
time points.

Data Analysis

Participants will enter data from their home computers or
smartphones using the secure REDCap data collection and
management system (approved by the University of Calgary
and AlbertaHealth Services). Datawill then betransferred into
SPSS and or SASfor analysis. Data analyses will utilize linear
mixed models (LMM) and intent-to-treat (ITT) principles to
assess several planned comparisons across the groups based on
identified aims and hypotheses.

Intent-to-Treat Analysis

Datarelated to recruitment, participation, and dropout rates will
be reported according to the guidelines given by the
CONSORT-eHealth statement [43]. All participantsthat entered
our study will be included in our analyses and will be retained
in the arm (treatment or control) to which they were originally
randomly alocated. This study will employ an ITT anaysis
design, wherein participants who were nonadherent to the
protocol will be included in statistical analyses, regardless of
their alignment with the inclusion criteria, the treatment they
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received, and if they withdrew from the intervention protocol
(attrition) completely or deviated from the protocol
(nonadherence).

Descriptive Statistics

Data will be cleaned, the descriptive statistics of the sample
will be assessed, and all variableswill be checked for normality
of distribution. Descriptive statistics of our sample will be
caculated to summarize demographic and disease-related
characteristics and check for group differences between groups
using Chi-squared and t tests. In case data are nonnormal, the
Kenward-Roger correction for degrees of freedom will be
applied to the LMM. Potential treatment moderators of age,
sex, cancer type, cancer stage, and chemotherapy regimen will
also be included as possible covariates. We will also conduct
correlation and regression analyses to determine correlations
between scores of the primary and secondary outcome measures,
€g, correlation between C-SOS| and PROMIS-Cancer Anxiety
scores, and between secondary outcome measures, eg,
correlation between PROMI S-Cancer Fatigue scores and mood
words selected by the participant in the Am app.

Hypothesis Testing

Hypothesis 1

LMM is a suitable statistical method for this study because of
the ability to perform sophisticated statistical imputation of data
missing at random in a longitudinal study design. In addition,
the LMM also includes mixed effect methods with a random
intercept model, which can account for the variances between
participants and within participants. Therefore, we plan to use
the LMM analyses for testing hypotheses 1 and 2, wherein the
LMM will estimate differences between the immediate group
and waitlist control group by conducting a group X time
interaction analysiswith a significance level of a<.05. Each of
the LMMs will include fixed effects for time (within-subjects
factor) and group (between-subjects factor) and arandom effect
for the participant. Also, the restricted maximum likelihood
estimate method inthe LMM will be used to estimate the model
parameters and standard errors with a compound symmetry
covariance structure to account for the correlation between
measurements. Data for testing hypothesis 1 will be C-SOS|
total scores and subscale scores for 3 months postbaseline.
Within- and between-group differences for the immediate and
waitlist groups revealed by the LMMs will be reported with
respective P values and the specific model effects, F (df).

Hypothesis 2

Similar to hypothesis 1, for hypothesis 2, we will use the same
LMMsto test for within- and between-group differencesfor the
secondary outcomes.

Hypothesis 3

For hypothesis 3, linear and curvilinear multiple regression
models will be used, along with simple Pearson correlationsto
detect associations between the primary and secondary
self-reported outcomes and the exploratory outcomes obtained
from the app data.
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Hypothesis 4

The short-term (2 weeks and 1 month postbaseline),
medium-term (3 and 6 month postbaseline), and long-term (6
and 12 month postbaseline) longitudinal changesin the primary
and secondary outcomes will be determined using the LMM
quadratic model regressions. To account for the correlation
between measurements, the restricted maximum likelihood
estimate method in LMM will be used to estimate the model
parameters and standard errors with a compound symmetry
covariance structure. In addition, analyses with data nesting
within participants will also be conducted that will control for
the invariant part of each participant's scores. The LMM
regression weights () as well LMM regression coefficients
will be reported along with a quadratic regression graph
including all time points of data collection.

Results

Recruitment commenced in January of 2019 and the target
sample for enrollment was reached on May 2, 2019. Currently
83 patients have consented and enrolled in the study and arein
various stages of their assessments and programs. Anticipated
date for the completion of primary outcome data collection is
August 1, 2019. Also, data collection for the entire tria is
expected to be completed by May 2020.

Discussion

Limitations

Considering app-based mindfulnessinterventionsin cancer care
are still in the early stages of design and testing, this study has
certain design- and intervention-related limitations. First,
regarding study design—related limitations, this trial included
survivors of al cancer types and stages, which results in high
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levels of variability of symptomsand cancer-related side effects,
which may impact the internal validity of the trial and mask
treatment-rel ated effects because of the intervention. However,
as the ultimate aim of this research is to reach all cancer
survivors regardless of geography, the inclusion criteria were
intentionally kept broad to mirror the real-world usage. Second,
in terms of the intervention, we selected a 4-week duration for
the app-based mindfulness program based on asimilar app-based
study of a previous version of Am Mindfulness, called
Wil dflowers, with anxious college students [33]. This 4-week
length of the app-based program may not be long enough for
cancer survivors, especialy those who are completely new to
mindfulness meditation and related stress management
techniques. Indeed, in-person mindfulness programsfor cancer
survivors have been between 6 and 9 weeks [8,11,56]. Future
research into dose-response efficacy of app-based mindfulness
interventions in the cancer population is needed to provide an
evidence-based duration for app-based mindfulness programs
in cancer care.

Conclusions

This study has the potentia to provide a large-scale delivery
tool for mind-body therapiesto effectively reach cancer patients
and survivors the world over. Cancer patients are often unable
to successfully participate in face-to-face group programs for
a variety of reasons. A smartphone app—based mindfulness
program can overcome severa difficulties faced by cancer
survivors with participating in mindfulness interventions.
Patients can participate from home in real time without the
added burden of travel, parking, and walking to classes. If
effective, this type of low-cost, mobile app—based intervention
would be readily welcomed by patients and could easily be
translated into clinical practice to reach a large number of
patients and survivors, no matter where they reside, including
those in remote locations.
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Abstract

Background: Exergames have the potential to provide an accessible, remote approach for poststroke upper extremity (UE)
rehabilitation. However, the use of exergames without any follow-up by a health professional could lead to compensatory
movements during the exercises, inadequate choice of difficulty level, exercises not being completed, and lack of motivation to
pursue exercise programs, thereby decreasing their benefits. Combining tel erehabilitation with exergames could all ow continuous
adjustment of the exercises and monitoring of the participant’s completion and adherence. At present, there is limited evidence
regarding the feasibility or efficacy of combining telerehabilitation and exergames for stroke rehabilitation.

Objective: This study aims to (1) determine the preliminary efficacy of using telerehabilitation combined with exergames on
UE motor recovery, function, quality of life, and motivation in participants with chronic stroke, compared with conventional
therapy (the graded repetitive arm supplementary program; GRASP); (2) examine the feasibility of using the technology with
participants diagnosed with stroke at home; and (3) identify the obstacles and facilitators for its use by participants diagnosed
with stroke and stroke therapists and understand the shared decision-making process.

Methods: A mixed methods study protocol is proposed, including a randomized, blinded feasibility trial with an embedded
multiple case study. The intervention consists of the provision of aremote rehabilitation program, during which participants will
use the Jintronix exergame for UE training and the Reacts Application to conduct videoconferenced sessions with the therapists
(physical or occupational therapists). We plan to recruit 52 participants diagnosed with stroke, randomly assigned to a control
group (n=26; 2-month on-paper home exercise program: the GRASP with no supervision) and an experimental group (n=26;
2-month home program using the technology). The primary outcome is the Fugl-Meyer UE Assessment, a performance-based
measure of UE impairment. The secondary outcomes are self-reported questionnaires and include the Motor Activity Log-28
(quality and frequency of use of the UE), Stroke Impact Scale-16 (the quality of life), and Treatment Self-Regulation Questionnaire
(motivation). Feasibility datainclude process, resources, management, and scientific outcomes. Qualitative datawill be collected
by interviews with both participants and therapists.

Results. At present, data collection was ongoing with one participant who had completed the exergame- tel erehabilitation based
intervention. We expect to collect preliminary efficacy data of this technology on the functional and motor recovery of the UE,
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following a stroke; collect feasibility data with users at home (adherence, safety, and technical difficulties); and identify the
obstacles and facilitators for the technology use and understand the shared decision-making process.

Conclusions: This paper describes the protocol underlying the study of atelerehabilitation-exergame technol ogy to contribute
to understanding its feasibility and preliminary efficacy for UE stroke rehabilitation.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(5):€14629) doi:10.2196/14629

KEYWORDS

Clinical Trials.gov NCT03759106; http://clinicaltrials.gov/show/NCT03759106.
DERR1-10.2196/14629

stroke; rehabilitation; virtual reality; telerehabilitation; upper extremity; motivation

Introduction

Background

In up to 85% of stroke survivors, sequelae persist in the upper
extremity (UE) [1], resulting in a long-term impact on daily
living activities [2,3]. To stimulate neuroplastic changes that
promote motor recovery, stroke survivors should follow an
intensive, task-specific, stimulating, and, above all, repetitive
exercise program [4]. However, the programs offered by
conventional therapies, in particular, during chronic stage, are
not sufficient for people to achieve the level of repetition and
intensity required for recovery [4]. In Canada, patients diagnosed
with stroke receive the Graded Repetitive Arm Supplementary
Program (GRASP) [5] as a home exercise program after
discharge from traditional rehabilitation services [3]. The
GRASP is recommended by the Canadian Best Practice
Recommendations for Stroke Care [3] to provide training and
increase the use of the impaired arm in daily life activities [5].
However, patients must be motivated enough to do the exercises
on their own and to perform enough repetitions to achieve
improvement. A minimum of 15 hours is suggested for an
intervention to result in amoderate improvement indaily living
activities following a stroke [6]. Numerous studies offering an
intensive exercise program, in chronic stroke, reported
significant improvements in UE impairment (P=.05) [7,8] and
even maintenance of these changes over a period of 6 months
after treatment [8].

Increasing Training I ntensity in Stroke Rehabilitation

An interesting alternative that has been proposed to exercise
intensity and exploit neuroplastic properties involves the use
of virtua reality. For every 30 repetitions performed in a
standard rehabilitation session, the same person can perform
600 to 800 repetitions within a 1-hour session in a virtua
environment [4]. This is an important difference between the
two approaches that highlights the potential of virtua reality.
Thanksto itsdesign, avirtual environment can simulate thereal
world while maintaining total control over the parameters of
the tasks to be executed within it to foster motor learning [4].
In the context of rehabilitation, virtual reality has been integrated
intheform of exergames because the gaming goal isto enhance
activity through various types of exercises. Among these
exergames, some have been specifically designed for stroke
rehabilitation, including for balance training as well as for
training for both lower and upper limb deficits (eg, Caren
system, Lokomat, Armeo, and Jintronix [4,6,9,10]). The nature

http://www.researchprotocols.org/2020/5/€14629/

of the exergame interface makes it possible to modify the
difficulty level of the exercises via various parameters such as
intensity (timeand repetition), visual feedback, speed, strength,
and range of motion [4]. Progressing the exercise to ensure it
remains challenging may motivate the user to complete the
exercises [4]. However, there is no way to ensure that the
movements made in the virtual environment are performed
correspond to what is being trained. When performed in clinic,
ahealth professional can ensure that the exercises are adjusted,
and the movements are executed appropriately. However, at
home, monitoring by a heath professional needs to be
considered to prevent compensatory movements during the
exercises, inadequate choice of difficulty level, inappropriate
completion of the exercises, and lack of motivation to pursue
exercise program. Theinterfaces of the exergames do not allow
automatic adjustment adapted to the person’s abilities and do
not sufficiently detect compensations [4,6,9,10]. Thus, the
follow-up by atherapist would makeit possibleto optimize the
exergames benefits for the user (such as by adapting the
difficulty parameters and by choosing games that are relevant
for the user) and to help transfer motor learning from the virtual
environment to activities of daily living.

To increase monitoring, atel erehabilitation system could allow
such afollow-up through videoconferencing sessions between
the user and the therapist. Such systems are increasingly used
to provide remote rehabilitation services [11]. Its efficiency,
compared with the standard treatment (face-to-face
interventions), has been demonstrated, resulting in similar
clinical results among participants diagnosed with stroke [12],
therefore increasing accessibility to stroke rehabilitation
services. Combining telerehabilitation with virtual reality
(VirTele) could allow live sessions in which the therapist can
observe the user playing and follow the game screen, at the
same time, to assess how the user manages to complete the
movements requested through the exercises (detect
compensations, correct pathological patterns, and directly
modify the difficulty setting necessary for the smooth running
of the exercise). Therefore, the VirTele technology could allow
continuous adjustment to the exercises and monitoring of the
user compl etion to create amore personalized, tailored training
program. Furthermore, in the long term, the VirTele exercise
program could empower users to integrate the use of their
impaired UE in their daily activities, through shared decisions
made with the therapist.
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Study Objectives

Given the evidence for the efficacy of exergames as well as
telerehabilitation for stroke rehabilitation, but the limited
evidence of combining thesetechnologies, such asintheVirTele
program, the overall goals of this study are to explore its
preliminary efficacy for UE rehabilitation and examine its
feasibility for use with stroke survivors at home. More
specifically, the objectives of thisstudy areto (1) determinethe
preliminary efficacy of VirTele on UE motor recovery, function,
quality of life, and motivation in participantswith chronic stroke,
compared with conventional therapy (GRASP); (2) examine
thefeasibility of using VirTele with participants diagnosed with
chronic stroke at home; and (3) identify the obstacles and
facilitators for the technology use by participants diagnosed
with stroke and stroke therapists and understand the shared
decision-making process.

It is hypothesized that the exergame-tel erehabilitation program
will lead to greater UE motor recovery than usual care (GRASP)
in participants with chronic stroke. We also hypothesize that
the exergame-telerehabilitation program will have a greater

Allegue et a

impact on function, quality of life, and motivation in participants
with chronic stroke.

Methods

Study Design

Thisisamixed method study design consisting of arandomized,
blinded feasibility trial with an embedded multiple case study
that will take place in Montreal, Canada. The randomized
feasibility trial isatwo-arm, single-blind trial design in which
eligible participants will be randomly alocated to an
experimental (VirTelefor 8 weeks) or control, usual care group
(GRASP for 8 weeks). The feasibility trial captures both
feasibility and preliminary efficacy outcomes. Publishing the
feasibility results would provide a better understanding of the
context in which the efficacy data were collected and a better
interpretation of the final results[13,14].

Outcome measures will be assessed for both groups on four
occasions: at baseline (T1), at the end of 2-month intervention
(T2), after a1-month follow-up period (T3), and after a2-month
follow-up period (T4; Figure 1).

Figure 1. Description of the outcome measurement time. GRASP: Graded Repetitive Arm Supplementary Program; VirTele: program that combines

virtual reality exergame and tel erehabilitation application.

T1 Intervention: VirTele or 12
GRASP

Randomization and evaluations will be performed by research
assistants who are not involved in the study. All participants
will provide informed written consent before enrollment. This
study isregistered at clinicaltrials.gov (NCT03759106) and has
received ethics approval from the Research Ethics Boards of
Centrefor Interdisciplinary Research in Rehabilitation of Greater
Montreal (June 28, 2018).

Participant Selection and Recruitment Strategy

At study entry, we will administer the Chedoke-McMaster arm
component [15] to get evidence of UE impairment. Only
participants with a score of 2 to 6 will be eligible. We will also
verify balance maintenance during sitting position and detect
any UE mobility restrictions limiting the ability to play
(restricted shoulder movements because of pain) through active
and passive mobilizations.

Stroke survivorswho haveresidual UE deficitsand are no longer
receiving rehabilitation services will be eligible for study
participation if they fulfill the eligibility criteria Theinclusion
criteria are as follows; first-time unilateral ischemic or
hemorrhagic stroke or no residual deficitsfrom apreviousstroke
and able to use the Jintronix system (eg, able to move the game
avatar withimpaired limb). Theexclusion criteriaare asfollows:

http://www.researchprotocols.org/2020/5/€14629/

RenderX

Follow-up

T3 T4
Follow-up

Time

being medically unstable (eg, uncontrolled cardiac condition),
severe cognitive or communication deficits, visual impairments
limiting the ability to use the games, and UE mobility
restrictions limiting the ability to play (eg, restricted shoulder
movements because of pain).

We intend to recruit participants from the community and from
the archives of rehabilitation centers (offline) situated in the
Montreal, Sherbrooke, and Laval areas (Quebec, Canada).

Study therapists (physical therapists or occupational therapists)
fromthe different participating siteswill also beincluded inthe
study to explore their experiences with the technology and
comprehend the shared decision-making process underlying
their choice of games and difficulty levels.

Sampling

To date, no studies have reported on the use of combining such
technologies, such as in the VirTele program so that this
randomized, blinded feasibility trial will provide evidence for
the effect size. However, as the first estimate of effect size, a
sample size of 52 participants has been calculated using the
Fugl-Meyer Upper Extremity Assessment asaprimary outcome
and G*Power 3.1 [16]. We assumed a medium effect size of
0.2, which wasreported in astudy with chronic stroke survivors
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with a 2-arm randomized clinical trial [17] and accounting for
20% retention issues (al pha=.05 and power=80%). Thissample
size corresponds to recommendations for pilot efficacy and
feasibility trials [18] and is realistic, given time and budgetary
congtraints as well as recruitment potential. Thus, for the
randomized, blinded feasibility trial, 52 participants will be
recruited and randomly allocated to the experimental (n=26) or
control group (n=26). A block randomization with ablock size
of six will be used, given time and material constraints.

For the multiple case study component, four therapists and the
first 10 participants from the experimental group will beinvited
to participate in interviews. However, the final sample size of
the participants diagnosed with stroke will be adjusted
depending on the qualitative data saturation [19].

Description of I nterventions

Experimental Group

The participants in the experimental group will receive the
VirTele program. VirTele is an 8-week home program during
which participants will use the Jintronix exergame [10] for UE
training and the Reacts telerehabilitation application [20] to
conduct videoconferenced sessionswith the therapists (physical
therapists or occupational therapists). All the equipment
necessary for the proper functioning of the VirTele program,
including the computer, the Kinect camera, the Reacts, and
Jintronix software as well as a constant internet accessibility
(USB internet key), will be provided for freeto the participants.
A technician will oversee the transport and the installation.

Telerehabilitation Component

The Reacts application is an interactive audio-video platform
that allows secure communication between therapists and
participants using standard computer or tablet technologies[20].
The application enables a live game access when it is used in
combination with Jintronix. Thus, the therapist will be able to
see the participant doing exercises and see the exergame
platform while it is being used. The access to the live game
platform allows the therapist to track the tasks or movements
required by the game and see how the participant manages to
accomplish them to adjust the difficulty level of the game
according to the participant’smotor skillsand interest. The Web
sessions with Reacts will take place three times a week for 2
weeks, twice aweek for 2 weeks, and then once aweek for the
remaining 4 weeks.

Reacts can also be used alone, making it possible for the
participant to interact with the therapist when finishing the
exercises. These sessions provide an opportunity to discuss
difficulties regarding playing games and to subsequently modify
the rehabilitation program according to the participant’ s abilities
and preferences. This shared decision-making process can help
foster motivation to make health-related decisions (eg, setting
goals weekly with the therapist, determine the optimal level of
difficulty of the exercises, and choosing the games) and specialy
to continue rehabilitation after the end of the intervention. This
shared decision-making process will aim to increase the
empowerment of the participant, facilitating subsequently the
transfer of the functional gains acquired in the context of the
study into real life. Thistransfer occurs by identifying ways of
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reproducing the tasks of the game in activities of the daily life
and increasing the use of the affected UE in the long term.
Participant empowerment will be further encouraged by using
motivational interviewing based on self-determination theory
(SDT) principlesduring telerehabilitation sessions[21,22]. This
theory statesthat humans naturally tend to achieve changesthat
respect and enable the satisfaction of their three basic
psychological needs, namely, (1) autonomy, (2) connectivity,
and (3) competence[22,23]. There are two regul ation processes
predicting behavioral engagement and maintenance: the behavior
emanating from intrinsic motivation and the internalization of
extrinsic motivation [23].

Virtual Reality Component

The Jintronix exergame consists of six UE games played for
varying amounts of time and at different difficulty levels (speed,
precision, and range of movements), which can be tracked
remotely by the therapist asynchronously through the data
provided in Jintronix Web-based portal. The therapist is also
able to modify the difficulty parameters according to the
performance data recorded on the portal. This exergame uses a
Kinect camera, which captures the person’s body movements
without wearing sensors. Participants will be invited to use
Jintronix at least five times a week for 8 weeks, for 30-min
sessions, performing atotal of 20 hours of exercise. A minimum
of 15 hours is suggested for an intervention to result in a
moderate improvement in activities related to daily living
following a stroke [6].

Jintronix includes an automated |og system, which records the
active time spent by participants in each game and the score
achieved. The therapist can access the exergame interface at
any time to monitor the participant’s progress and adherence
to the exercise program and modify the difficulty level.

Before starting the intervention, therapists will receive training
in motivational interviewing [24] to ensure a client-centered
rehabilitation program that aligns with the SDT [21]. We used
SDT [23] as a conceptua framework to guide the VirTele
intervention to empower the participant and solicit their interest
and motivation for the treatment plan that the therapist and
participant will decide on together. The combination of the
telerehabilitation system (Reacts) and the Jintronix exergaming
system aimsto foster participant-therapist interaction throughout
the rehabilitation program and to develop a partnership
relationship based on information sharing and trust. It isin this
perspective that SDT was integrated. Its constructs were used
as a basis for a discussion plan which the therapist refers to
during videoconferenced sessions.

All participants in the experimental group will participate in a
30-min training session with the technician responsible for the
installation of the technology to learn to use the VirTele
technology.

Control Group

The participantsin the control group will receive GRASP based
ontheir UE function. It includes strengthening exercises of arm
and hand, range of motion, and functional arm activities [5].
The program includes some equipment such as a ball, a bean
bag, or paper clips. The participantswill be invited to carry out
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the GRASP exercises over the 8 weeks, 5 days a week for 30
min each day, performing 20 hours of exercisesin total (same
as experimental group). A paper log journal will be provided
to track the amount of time spent on the exercises and the
number of sessions as well as any adverse events (fatigue and
pain). The control group will not receive any follow-up with
the therapist, but at the end of the study, the participants will
be offered one session with the therapist to discuss strategies
for improving long-term UE function. Before starting the
intervention with GRASP, the participantswill receive a30-min
training session for using the program equipment by one of the
therapists included in the study.

Data Collection

Quantitative Data

At study entry, the participant’s sociodemographic information
(gender, age, civil status, language, number of years of education
completed, primary occupation, and stroke characteristics) will
be collected for descriptive purposes.

For the randomized, blinded feasibility trial, several outcomes
measures will be used to address the different objectives. The
first objective of thetrial isto determine the preliminary efficacy
of VirTele on UE motor recovery, function, quality of life, and
motivation, in participants with chronic stroke, compared with
conventional therapy (GRASP).

The Fugl-Meyer Upper Extremity Assessment will be the
primary outcome to determine the efficacy of the technology
for UE motor control recovery. This is a performance-based
measure of UE impairment [25,26]. It includes 13 items scored
on a3-point ordinal scale of 0to 2 [26]. The Fugl-Meyer Upper
Extremity Assessment has been shown to have good internal
consistency (alpha=.82-.84) and good concurrent validity
(r=0.74) [25].

The secondary outcomes are self-reported questionnaires and
include the Motor Activity log 28 [27,28], the Stroke Impact
Scale-16 [29,30], and the Treatment Self-Regulation
Questionnaire-13 [31].
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The Motor Activity log 28 isaself-reported measure of UE use
[27,28]. This rates the quality and frequency of use of the UE
in 28 everyday tasks and is administered by interview [27,28].
The Motor Activity log 28 demonstrated high reliability (r=0.82)
and high validity, with excellent concurrent correlation with
Stroke Impact Scale hand function scores (r=0.72) [32]. The
impact on quality of life will be determined using the Stroke
Impact Scale-16, a stroke-specific, self-reported, health status
measure consisting of 16 items concerning daily activities
[29,30]. The Stroke Impact Scale-16 has been shown to have
good internal consistency (alpha=.87) and a good convergent
and discriminant validity [33]. Motivation will be measured
using the Treatment Self-Regulation Questionnaire-13 [31], a
13-item questionnaire that has been developed to measure
treatment motivation, aligned with SDT. The Treatment
Self-Regulation Questionnaire has been shown to be reliable
with ahighinterna consistency (alpha=.73-.95) and valid across
health care contexts and has been used in rehabilitation [34].
Thetwo regulation processes of the SDT (intrinsic and extrinsic
motivation) are targeted in the form of subscales in the
Treatment Self-Regulation Questionnaire-13 [31]. The use of
this questionnaire allows us to investigate the impact that the
motivation could have on adherence to the program and its
effectiveness.

The second objective of the randomized, blinded feasibility trial
is to assess the feasibility of using VirTele with participants
diagnosed with stroke at home. Feasibility data include
indicators of process, resources, management, and scientific
feasibility [35]. In Table 1, we describe all the outcomes that
will be used for each indicator. These data will also provide
evidence to examine the validity of the research protocol to
inform the planning of alarger clinical trial.

A trained assessor who is not involved in the delivery of
interventions and blinded to group assignment will be
responsible for the face-to-face administration of the outcome
measures.
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Table 1. Description of feasibility indicators outcomes.
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Feasibility indicators

Outcomes

Process

Recruitment rate

Retention rate

Resources

Exercise adherence rate
Number and duration of sessions

Frequency and time spent by the therapist assisting
for real-time sessions with Jintronix

Resources utilization

M anagement
Technical problems with the technology
Therole of the shared decision making and empow-

erment in achieving task goals

Scientific
Safety

Satisfaction

Size of sample

Percentage of participants who meet the eligibility criteria and accept to participate
(20%)

Rate of participants per month

Duration of recruitment

Percentage of participantswho complete the 2-month intervention with telerehabilitation
with virtual reality

Percentage of participants who complete 150 min of Jintronix exercises per week
These datawill be obtained from the Jintronix exergame and Reacts app system

Logs completed by the therapist at the end of each session

Logs completed and time spent by therapists and technical staff

Obtained from alog maintained by the study therapists and technical team

Encourage participants to report new task goals every week
Percentage of participants who achieved the goals set with the therapist
Percentage of task goals achieved per participant

Occurrence of adverse events (pain, falls, motion sickness, dizziness, exertion, fatigue,
and headaches) will be documented by a computerized participant log

With the technology: the Modified Short Feedback Questionnaire [36]
With the interaction between the therapist and the participant: Health Care Climate
Questionnaire (Perceived Autonomy Support) [37]

The calculation will be done from the size of the treatment effect or the variance of the

treatment effect

Qualitative Data

Individual semistructured interviews of 30 min will be
conducted with the first 10 participants from the experimental
group (n=10) after the end of 8-week intervention. Theinterview
guide will be developed based on the Unified Theory of
Acceptance and Use of Technology (UTAUT) conceptual
framework [38]. This theory includes four essential constructs
(expected performance, expected effort, social influence, and
facilitating conditions), which are considered as direct
determinants of the intention and behavior of adoption and the
use of new technologies by stakeholders [38]. Therefore,
semistructured interviews will be used to inform not only the
intention and behavior of adoption and use of VirTele by
parti cipants diagnosed with stroke and therapi sts but also of UE
usein thefuture (through UTAUT constructs). When combined
with SDT constructs, theinterview will inform the participants
empowerment and the shared decision-making process
underlying the therapist choice of games and difficulty levels.

The study therapists will also be interviewed to describe their
experience with VirTele (obstacles and facilitators), explore
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their behavior to seeif they align with SDT, and investigate the
shared decision-making process underlying their choice of
gamesand difficulty levels. Individua semistructured interviews
of 30 min will be used. The UTAUT and the SDT will serve as
basis for the interview guide development.

All interviewswill be voice recorded and transcribed verbatim.
A logbook and reflective notes will also be taken.

Data Analysis

Quantitative Data Analyses

Statistical analysis of the quantitative data will be performed
using the Statistica software. Descriptive statistics will be used
to report sociodemographic characteristics of participants (age,
gender, handedness, and stroke characteristics) in both groups
(experimental vs control). To address the first objective of the
randomized, blinded feasibility trial, a mixed model approach
will be applied for primary and secondary outcomes measure.
Each model will contain one between-subject effect factor
(group: control vsexperimental), one within-subject effect factor
(time: T1, T2, T3, and T4), and two covariates (gender and age)
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factors, which may impact exergame use. For each outcome
measures, residual plots will be examined to verify normality
and identify the best covariance structure. All the outcomes
measure changes will be compared with the minimal clinically
important differences. The effect size of the comparison between
experimental and control groups will be calculated to estimate
the final sample size. To address the second objective of the
randomized, blinded feasibility trial, descriptive statistics
(frequencies, means, and standard deviations) will be used to
highlight the amount of exercise performed, the occurrence of
adverse events, and participant and therapist satisfaction level
in the experimental and control groups.

Qualitative Data Analyses

For the qualitative data, thematic analysiswill be conducted for
each case group. Transcripts will be coded using a
predetermined coding scheme (Multimedia Appendix 1) based
on the conceptual frameworks as well as other codes emerging
from the data using NVivo software, and then codes will be
grouped into overarching themes. To ensure the scientific rigor
of qualitative data, the principles of Lincoln and Guba[39] will
be applied. Audit trail and verification by memberswill be done
to respect confirmability. A debriefing (externa verification)
will be applied to ensure credibility. Reliability will be achieved
with verification by two coders of a part of the data
Transferability will be assured by taking reflexive notes and a
detailed description of the context of the intervention. During
the analysis, the results of the qualitative and quantitative data
will be compared to help explain findings.

Results

We expect to (1) collect preliminary efficacy data of this
technology on the functional and motor recovery of the UE,
following astroke; (2) collect feasibility datawith usersat home
(adherence, safety, and technical difficulties); and (3) identify
the obstacles and facilitators for the technology use and
understand the shared decision-making process during the
VirTele program.

At the time of this manuscript submission, data collection was
ongoing with one participant who had completed the study
(experimental group) and used VirTele for 2 months [40]
(Multimedia Appendix 2). At this stage of the study, we have
not yet started the data analysis.

Discussion

Study Design

This paper describes the research protocol for a mixed method
study, including a randomized, blinded feasibility trial with an
embedded multiple case study. The aims of thisstudy areto (1)
determine the preliminary efficacy of VirTele on UE motor
recovery, function, quality of life, and motivation in participants
with chronic stroke, compared with conventional therapy
(GRASP); (2) examine the feasibility of using VirTele with
participants diagnosed with chronic stroke at home; and (3)
identify the obstacles and facilitators for the technology use by
participants diagnosed with stroke and stroke therapists and
understand the shared decision-making process.

http://www.researchprotocols.org/2020/5/€14629/

Allegue et a

We have chosen a mixed study design because the use of both
qualitative and quantitative approaches makes it possible to
construct a more complete image of the studied phenomenon.
The combination of the two methodologies should be
approached not from the point of view of their differences but
from the complementarities they can bring to the study [41]. If
the feasibility trial examines the content of the intervention to
see if it is effective and feasible, the qualitative approach
examines the context of the intervention to see if it can be
accepted and applied in clinical practice and explain some of
the quantitative findings [42]. Feasibility trials areimportant to
ensure that larger randomized clinical trials are rigorous and
feasible and economically justifiable [13].

Data Collection

Participantswill berecruited from different sitesto increasethe
representativeness of the target population in the region. The
control group will not receive any motivational interviewing or
follow-up to keep the standard aspect of therapy that corresponds
most to the clinical reality. This will enable us to identify the
added value of the VirTele program compared with GRASP.
After outcome measures collection in T1 and T2, to compare
the effect of each intervention within and between groups, we
will collect additional measures at T3 and T4 to evaluate the
retention of gains.

The multiple case study provides an in-depth description of
stakeholders use experience and potential use of VirTele
program. In this study, we will have two case groups:
participants diagnosed with stroke and study therapists (physical
therapists or occupational therapist). Each of these cases
experiences the intervention differently, and it is therefore
essential to report them through interviews. The variation of
the cases makes it possible to increase the variation of the
experiences and thusto increase the robustness of the qualitative
results [19]. UTAUT and SDT will serve as a basis for
establishing certain links between the conceptsthat will emerge
(Multimedia Appendix 1).

The results of this study will alow to verify if all elements of
the protocol work well together to conduct a broader future
study. We havetried to provide as much detail as possible about
the various processes and steps of the protocal to facilitate its
reproduction by other studies that seek to develop tools for the
remote management of chronic diseases.

This project will also provide preliminary evidence of the
efficacy of VirTele on motor and functional recovery of the UE
following chronic stroke for future guidelines review, although
studies caution us about solely using results from feasibility
studies to establish intervention efficacy [35].

Conclusions

Extending rehabilitation foll owing a stroke with remote services
may be a promising strategy to overcome the limited resources
in the health system. The VirTele program is a new approach
that may provide stroke survivors continuous and remote access
to rehabilitation services. This paper describes the protocol
underlying the study of this technology to better understand
how it can be used among different stakeholders and explore
its preliminary efficacy in a chronic stroke popul ation.
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Abstract

Background: Adolescent and young adult cancer survivors (AYAS) experience clinically significant distress and have limited
access to supportive care services. | nterventions to enhance psychological well-being have improved positive affect and reduced
depression in clinical and healthy populations but have not been routinely tested in AYAs.

Objective: The aim of this protocol is to (1) test the feasibility and acceptability of a Web-based positive emotion skills
intervention for posttreatment AYAs called Enhancing Management of Psychological Outcomes With Emotion Regulation
(EMPOWER) and (2) examine proof of concept for reducing psychological distress and enhancing psychological well-being.

Methods: The intervention development and testing are taking place in 3 phases. In phase 1, we adapted the content of an
existing, Web-based positive emotion intervention so that it would be suitable for AYAs. EMPOWER targets 8 skills (noticing
positive events, capitalizing, gratitude, mindfulness, positive reappraisal, goal setting, personal strengths, and acts of kindness)
and is delivered remotely as a 5-week, Web-based intervention. Phase 2 consisted of a pilot test of EMPOWER in a single-arm
trial to evaluate feasibility, acceptability, retention, and adherence and to collect data on psychosocial outcomes for proof of
concept. In phase 3, we are refining study procedures and conducting a second pilot test.

Results: The project was part of acareer development award. Pilot work began in June 2015, and data collection was completed
in March 2019. The analysisis ongoing, and results will be submitted for publication by May 2020.

Conclusions: If thisintervention proves feasible and acceptable, EMPOWER will be primed for a subsequent large, multisite
randomized controlled trial. Asascalable intervention, it will beideally suited for AYA survivors who would otherwise not have
access to supportive care interventions to help manage posttreatment distress and enhance well-being.

Trial Registration: ClinicalTrials.gov NCT02832154, https./clinicaltrials.gov/ct2/show/NCT02832154.

International Registered Report Identifier (IRRID): DERR1-10.2196/17078

(JMIR Res Protoc 2020;9(5):€17078) doi:10.2196/17078
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Introduction

Background

Adolescent and young adult cancer survivors (AYAS) are an
important underserved group at risk for significant psychol ogical
distress. There are approximately 70,000 new diagnoses of
cancer annually in AYAs (aged 18-39 years) [1]. Currently,
nearly 2 million people in the United States are living with or
have survived being diagnosed with cancer as an AYA.
Five-year survival rates of AYAs are high (>80%) [2], and
AYAs have approximately 35 to 59 years of life expectancy
remaining [3], underscoring the importance of posttreatment
survivorship care. AYAs face unique challenges, given the
physical, cognitive, and psychosocia developmenta milestones
disrupted as aresult of cancer [4,5]. Notably, the prevalence of
clinicaly significant depression or anxiety is much higher
compared with older adults [6-12]. For older adults, cancer is
adistressing event but amore normative experiencein an aging
population. In addition, older adults typically have greater
experiencein coping with major life events. For AYAs, acancer
diagnosisisroutinely unexpected, considerably disruptive, and
frequently socially isolating, factors that contribute to higher
rates of psychological distress. Moreover, AYAs may have
inadequate insurance coverage, limited financial assets, and
experience significant work interruption, leading to greater
financial strain and contributing to elevated distress [13,14].
Accordingly, AYAs can benefit from targeted, supportive care
interventions to decrease distress and enhance well-being as
they navigate posttreatment survivorship.

The National Cancer Institute has called for supportive care
interventions in AYAs to address psychological health deficits
[15]. Although a modest but growing number of psychosocial
interventions have been devel oped for AYAs[16,17], including
those that use electronic health (eHealth) modalities [18-20],
none have included a focus on enhancing psychological
well-being through positive emotions. eHealth interventions
represent promising optionsfor patient engagement, especially
with digital natives such as AYAs, and provide opportunities
for fostering user engagement, which is positively associated
with intervention efficacy [21]. The vast mgjority of AYAs
access the internet (94%-99%) [22] and own smartphones
(92%-96%) [23]. As AYAs have shown that they prefer
remotely delivered, on-demand interventions [24], there is a
clear need and opportunity for eHealth interventions to
positively impact AYAS' psychological well-being. Moreover,
although the deleterious effects of psychological distress are
well researched, comparatively |ess attention has been focused
on the benefits of psychological well-being. Psychological
well-being issignificantly associated with better health outcomes
(better physical health [25] and lower risk of mortality in healthy
and chronically ill samples[26-30]), isunique from theinfluence
of distress, and includes domains that are inherently valued by
patients (better relationships, more creativity, and better work
quality [31]).

http://www.researchprotocols.org/2020/5/e17078/

Objectives

In this protocol paper, we describe the development and pilot
testing of a Web-based positive emotion skills intervention for
posttreatment AYAs, Enhancing Management of Psychological
Outcomes With Emotion Regulation (EMPOWER). We are
adapting an existing multicomponent positive emotion skills
intervention [32-36] and tailoring it for AYAs. EMPOWER is
a 5-session intervention designed to teach participants 8 skills
for increasing positive emotion in their daily lives.

The objectives of thisinvestigation areto (1) test the feasibility
and acceptability of a Web-based positive emotion skills
intervention tailored for AYAs posttreatment and (2) examine
proof of concept of the positive emotion skillsintervention for
reducing psychological distress (depression, anxiety, and anger)
and enhancing psychological well-being (positive affect, life
satisfaction, meaning and purpose, and general self-efficacy).
In addition, exploratory analysiswill examine associationswith
other indicators of health-related quality of life (HRQOL;
fatigue, pain interference, deep disturbance, physical
functioning, and social functioning) and health behaviors (diet,
exercise, alcohol use, and smoking). Ultimately, this research
seeks to develop an optimized Web-based positive emotion
skillsintervention for posttreatment AYAs, which will betested
in afuture randomized controlled trial (RCT).

Methods

Overview

The intervention development and testing were planned for 3
phases. Phase 1 aimed to adapt a Web-based positive emotion
skills intervention to maximize the acceptability and relevance
of the intervention content for posttreatment AYAs. Phase 2
aimed to conduct a pilot test of EMPOWER in a single-arm
trial to evaluate feasibility, acceptability, retention, adherence,
and collect data on psychosocial outcomesfor proof of concept.
In phase 3, we incorporate any suggested modifications from
the phase 2 pilot to address any potential challenges encountered
from the first round of pilot testing and to ensure that we are
maximizing our ability to recruit, retain, and support AYAS.
These changes are followed by a second round of pilot testing.
Planned accrual was 20 for phase 2 and 20 for phase 3.

Participants were recruited through 2 comprehensive cancer
centers (the Robert H Lurie Comprehensive Cancer Center
[RHLCCC], and the Wake Forest Baptist Comprehensive Cancer
Center [WFBCCC]) and supplemented by recruitment over
social media. All participants were asked to provide daily
emotion reports over the course of the 5-week intervention and
received self-paced Web-based instruction and practicein skills
for increasing their daily experience of positive emation.
Participants were assessed at baseline, at 8 weeks (immediately
postintervention), and at 12 weeks. To minimize participant
burden, we used brief and well-validated National Institutes of
Health (NIH) Patient-Reported Outcomes Measurement
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Information System (PROMIS) and NIH Toolbox measures to
assess most study outcomes.

Phase 1: Intervention Adaptation

As the first step in this phase, the study principal investigator
(P1: JS) reviewed candidate interventionsfor potentia adaptation
and testing among AYA posttreatment survivors. The
MARIGOLD intervention, developed by a lead collaborator
(IM) for individuals with elevated depressive symptoms,
provided the constellation of skillsto promote positive emotions
through emotion regulation and was tailored for Web-based
delivery [35,36]. MARIGOLD is a 5-session intervention that
teaches participants 8 empirically-based skills (ie, positive
events, savoring, gratitude, attainable goals, mindfulness,
positive reappraisal, personal strengths, and acts of kindness)
to increase the frequency of positive emotions experienced in
their lives. As AYAs are digital natives, having access to and
comfort with digital technologies [22,23], this mode of
intervention delivery was well suited for them.

In the second step of this process, the study team reviewed the
intervention content with aparticular focus on ensuring that the
appropriate coping skills were represented, and the language
used was applicable for posttreatment AYAs. Asathird stepin
this process, we solicited stakeholder input from AYAs and
their providers. Stakeholders reviewed the intervention content
and provided feedback on the quality of advice (eg, Does this
sound like something you can do?), their affective response (eg,
Talk about how reading it made you feel.), and the
appropriateness of images used in the lessons (eg, Some pages
have a photo or video. Give your comments on that.). All
feedback was reviewed and discussed by the full study team to
finalize the intervention content before pilot testing.

Phase 2: Initial Pilot Testing

Study Population

Participant eligibility inclusion criteriaincluded (1) ableto read
and understand English, (2) able to provide informed consent,
(3) past history of acancer diagnosis (excluding basal cell skin
carcinoma), (4) 18 to 39 years of age at diagnosis, (5) currently
within 0 to 5 years post active treatment, and (6) wireless
internet connection or ahome computer that is connected to the
internet. Exclusion criteria included (1) evidence of cancer
recurrence or ahistory of multiple primary cancers, (2) currently
receiving paliative or hospice care, or (3) a significant
psychiatric history. Our past work with posttreatment AYAs
underscores the psychologically vulnerable posttreatment,
reentry period, as they navigate new and sometimes recurring
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challengesto their psychological well-being [6,37-39]. Providing
a Web-based, self-guided, well-being intervention during this
critical transition phase helps address some of these unmet
needs.

Study Procedures

Recruitment and Enrollment

With prior approval from the medical oncologists, study staff
identified potential RHLCCC and WFBCCC patients from the
electronic medical record. Potentially eligible patients were
recruited through adirect in-clinic approach and mailed | etters,
followed by a phone call from a study team member. The
recruitment call was followed by an email outlining the details
discussed during the phone call and instructions on the next
steps and a link to the screening questionnaire. The patients
were then screened for dligibility using Qualtrics, a Web-based
data collection tool that enables researchers to create
study-specific websites for capturing participant data securely.
Those who were indligible were shown a message thanking
them for their interest but informing them that they were not
eligiblefor the study. Patientswho were eligible were navigated
to the consent form and initial study questionnaire on Qualtrics.
On completion of the baseline questionnaire, all participants
were asked to begin daily emotion reporting for 2 weeks before
beginning the intervention.

Intervention Content

The EMPOWER intervention is a 5-session Web-based
intervention that teaches 8 skills for increasing the frequency
of positive emotions: (1) noting daily positive events [40-43],
(2) capitalizing on or savoring positive events [44,45], (3)
gratitude [46-48], (4) mindfulness [49-52], (5) positive
reappraisal [53-58], (6) focusing on personal strengths[59-61],
(7) setting and working toward attainable goals [57,58,62-64],
and (8) small acts of kindness [65-69] (see Table 1). The skills
are presented over 5 weeks. A week consists of 1 to 2 days of
didactic material and severa days of brief, rea-life skills
practice and reporting, with each day’s home practice taking
approximately 20 to 30 min to complete. Participants cannot
skip ahead, but they can return to old lessons or exercises if
they choose. Most exercises are in diary format in which
participants' past responses are displayed next to their new ones
so that every time the participant visits that exercise, they see
their growing list of past positive experiences. All aspects of
the intervention, including the didactics and skills practice, are
self-guided and interactive. Additional details of the
development of theintervention are published elsawhere[35,36].

JMIR Res Protoc 2020 | vol. 9| iss. 5 |e17078 | p.120
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Sasman et d

Table 1. Overview of the skills and content of the Enhancing Management of Psychological Outcomes With Emotion Regulation intervention.

Session and skills Session content
Week 1
Positive events Learning to recognize positive events (eg, a good conversation with afriend, a good cup of coffee) and the associated
positive affect.
Capitalizing Practicing ways to amplify the experience of positive events (eg, taking an extra moment to savor the experience asit is
happening, reliving the positive experience, telling someone else about the positive experience).
Gratitude Taking amoment to feel thankful or appreciative of the things you havein life (eg, family, a sunny day, a good night's
rest).
Week 2
Mindfulness Learn and practice the awareness and nonjudgment components of mindfulness.
Week 3
Positive reappraisal  Understanding positive reappraisal and theideathat different forms of positive reappraisal can all lead to increased positive
affect in the face of stress (eg, seeing the silver lining, finding out things were not as bad as they could have been, identi-
fying good things that came out of the event).
Week 4

Personal strengths
sense of humor, being artistic).

Achievable goals
Week 5

Acts of kindness
inline a cup of coffee).

Participant lists hisor her persona strengths and notes how they may have used these strengths recently (eg, having agood

Understanding the characteristics of attainable goals and setting some goals for the week.

Understanding that small acts of kindness can have a big impact on positive emotions (eg, buying the person behind you

Intervention Platform

Our Web intervention is delivered via a customized website
built on Moodle, a courseware platform that is used by schools
and universities worldwide. Moodle allows the delivery of text
or video instruction as well as interactive activities such as
journals and adaptive quizzes. Moodle is recognized as secure
and well-tested software, and Health Insurance Portability and
Accountability Act-compliant hosting is provided by the
Northwestern University. All communicationswith the website
use industry-standard transport layer security or secure sockets
layer encryption. Another layer of security is provided by
avoiding any use of personally identifiableinformation, medical
information, or other sensitive information in the context of the
intervention. Participants’ Moodle accounts are not linked to
their real name or email address. Email and text message
reminders are handled by a smartphone Ecological Momentary
Assessment text messaging system that does usethe participant’s
name and email address, but that cannot be linked to their
Moodle account. The design of our intervention website has
been refined through anumber of iterations based on user testing
and feedback from study participants (eg, simplifying the
interface and clearly labeling new material and exercises). We
have al so ensured that material isviewable on handheld, tablet,
and laptop devices.

Acceptability I nterview

Research  staff conduct a 30-min  audio-recorded,
postintervention phone interview with al participants
approximately 1 week after theintervention is complete to gather
acceptability data. Participants are asked to rank order their
favorite intervention skills, their intentions to practice each of
the skills, and their plans for continued practice. In addition,
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they are asked whether or not they would recommend the
intervention to a friend or someone newly diagnosed with
cancer.

Participant I ncentives

Each participant ispaid US $10 for each compl eted assessment
for amaximum of US$30. In addition, participantsare paid US
$0.25 for each of three daily emotion assessments over the two
separate 2-week reporting periods (4 weeks; 28 possible daily
reports, up to US $21 per participant). In total, participants are
compensated a maximum of US $51 for their participation in
the study and are paid in full on completion of the study viaa
virtual gift card.

Fidelity Monitoring

We record how frequently participants visit the website and
how many times they complete the daily practice exercises for
each skill. This information can be used in dose-response
analysesto determineif greater exposure to the exercises leads
to stronger intervention effects. We monitor participant progress
during the study and contact participants who appear to be
having trouble or disengaging from the intervention. Our
experience indicates that even very brief human contact can
increase participants commitment to the intervention.
Participants receive an email or phone call from a study staff
member if they fail to visit the website for more than 3 daysin
a week. Participants who cannot be reached or who do not
resume visiting the website but also do not ask to leave the study
arerecontacted once per week for 3weeks. After that time, they
are counted as noncompl eters, although we still try to contact
them to obtain postintervention measures. Participants who do
not reach the fina lesson at the end of 10 weeks are also
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considered noncompl eters and asked to take the postintervention
measures at that time.

Measures

Patients complete self-report questionnaires throughout the
intervention designed to eval uate state and mood-based aspects
of psychological well-being as well as related patient-reported
outcomes that may be impacted (ie, HRQOL and hedlth
behaviors) as a result of changes in psychological well-being.
Psychological well-being includes both negative and positive
aspects and is assessed by daily emotion reports (ie, run-in
period before the intervention, end of day recall during the
intervention, and run-out period after the intervention) and by
weekly recall measures at baseline (pretest), approximately 8
weeks after baseline (posttest), then at 12 weeks (follow-up).
The HRQOL and health behavior measuresare also administered
at baseline/pretest, posttest, and then follow-up (see Multimedia
Appendix 1). All measures are completed from home via
participants’ PCs. In addition to the measures listed below, we
assess key demographics (race/ethnicity, education, household
income, and insurance status), cancer type, timesince diagnosis,
type of treatment, and time since treatment.

Daily Emotion Reports

Daily frequency of positive and negative affect i s assessed using
modified versions of the NIH Toolbox positive affect short form
[70] and the NIH PROMI S depression and anxiety short forms
[71]. Participants are asked to respond to each item in terms of
how they feel today. During the 2-week run-in/run-out period
(weeks 1 and 2 and weeks 11 and 12), all participants complete
the daily emotion reports 3 times per day with respect to their
emotions at that moment. The purpose of the run-in period is
to address any technical issues that participants experience, to
ensure participants are comfortabl e reporting their emotions, to
evaluate compliance with completing these reports, and to
provide a pre- and postcomparison of state-based affective
experiences. Furthermore, the study isdesigned with arelatively
intensive engagement process, and we sought to identify
participants who were willing and able to comply with the
modest but frequent assessments, didactics, and skills practice
that are part of EMPOWER. If participants do not complete at
least ninedaily reportsin aweek’stime, they are excluded from
further participation in the study. In this circumstance, the
participant is notified by email. One week before the 12-week
assessment point, participants are contacted and asked to provide
the last 2 weeks of daily emotion reporting in timeto complete
the final assessment. During the 5-week intervention,
participants complete the end of day recall at the end of each
day with respect to their emotions that day.

Psychological Well-Being

Psychological well-being is assessed with NIH Toolbox short
forms, capturing 3 common components. positive affect, life
satisfaction, and meaning and purpose [70]. In addition, the
NIH PROMIS genera sdf-efficacy short form [72] is
administered, asit isaclosely related construct to psychological
well-being and positively associated with better health-related
outcomes.
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Health-Related Quality of Life

We use the PROMIS global hedlth items to assess overall
HRQOL [73] and the PROMIS29 [74,75] to assess
domain-specific aspects of HRQOL . The PROMISglobal scale
consistsof 10 itemsthat assess general health, including overall
physical and mental health. The PROMIS-29 consists of 29
items that assess physical functioning, anxiety, depression,
fatigue, sleep disturbance, social functioning, pain interference,
and pain intensity. These PROM|S measures are supplemented
with additional itemsfrom the PROMI S physical function short
form [76] and the PROMIS anger short form [71]. These
measureswereincluded to identify potential signal relationships
for psychological well-being and HRQOL.

Health Behaviors

Healthy behaviors often associated with enhanced coping and
better psychological adjustment are assessed [77]. Physical
health behaviors include diet [78], exercise [79], acohol
consumption [78], and cigarette smoking [78].

Phase 3: Subsequent Pilot Testing

Primary outcomes will be reviewed and evaluated by the study
team. If any outcomes are suboptimal (poor adherence, retention,
and accrual), modificationsto study procedureswill be discussed
by the team and implemented to attempt to improve these
primary outcomes. A second round of pilot testing will then be
conducted to eval uate the same primary and secondary outcomes
with a new sample of AYA survivors. Study population,
measures, and analytic plans are expected to remain largely
unchanged.

Analysis Plan

Analysis of Primary Objectives

Accrua will be estimated as the number of patients accrued
divided by the number of months of accrual. A 95% CI for the
monthly accrual rate will be calculated based on the Poisson
distribution. The refusal rate will be estimated as the number
of patients who refuse to participate divided by the number
eligible. Retention will be primarily defined as the proportion
of patientswho provide 8-week and 12-week data. Patientswho
discontinue the intervention (refuse phone calls) but complete
the outcome assessments will be counted in the numerator for
calculating retention. Retention estimates will be calculated
overal and by site. Adherence to the intervention will be
calculated as the number of intervention sessions completed,
the frequency of completing exercises, and the number of
websitevisits. Wewill calculate and report the mean adherence
across al individuals as well as the proportion of patients who
completed 3 or more sessions. Several measures will be used
to quantify acceptability, including quantitative measures and
interviews. Means and the proportion responding affirmatively
to the highest 2 responses for each question will be combined,
and exact 95% Clswill be calculated for these estimates.

Analysis of Secondary Objective

Quantitative outcomes will be assessed by a covariance pattern
model for repeated measures to examine the change in
patient-reported outcomes over time.
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Power and Sample Size

Although this is a pilot study, and we will not be testing the
efficacy of the intervention, we want to estimate feasibility,
acceptability, and changes in patient-reported outcomes with a
fair degree of precision. With a total of 40 patients, we can
estimate Cls around means within SD 0.31 and proportions
within SD 15.5%, with 95% CI. Assuming 20% of the patients
may drop out, we could estimate Clsfor means within SD 0.35
and proportionswithin SD 17.3% for measures evaluated at the
end of the study.

Results

Phase 1. Intervention Adaptation

The project was part of a career development award, funded in
September 2011, and the pilot work began in June 2015 with
intervention adaptation efforts. We first reviewed the
MARIGOLD Web-based protocol in detail, and skillsthat were
too narrowly focused on the protocol’s prior target of treating
depression were removed (ie, behaviora activation). The skills
sequence remained the same with the exception of mindfulness,
which was substituted for behavioral activationinweek 2. Next,
the study team reviewed the content language of theintervention
and changed terms or phrases to reflect the experiences of
having had cancer. For example, content language for the skill
of positive reappraisal was changed to reflect commonly
experienced feelings and cognitions of cancer survivors. Finally,
4 AYA stakeholders (a pediatric oncologist and AYA Medical
Director, aclinical psychologist and Director of AYA Oncology,
and 2 posttreatment AYA survivors) reviewed the EMPOWER
intervention and provided feedback. All stakeholder input was
reviewed and discussed by the study team, and minor
modifications were made to content language (eg, adding fear
as acommonly experienced unpleasant emotion among cancer
survivors) and images (eg, substituting an imagein the Strengths
lesson for onethat is more broadly applicableto cancer survivors
who may have physical limitations) to finalize the intervention
before pilot testing.

Phases 2 and 3: Pilot Testing

Recruitment began for phase 2 in October 2015, and recruitment
began for phase 3in April 2017. Data collection was completed
in March 2019. Dataanalysisis currently ongoing, and thefirst
results are expected to be submitted for publication in May
2020.

Discussion

Principal Findings

This paper describes the study protocol for adapting and pilot
testing the EMPOWER intervention, a Web-based positive
emotion skills intervention for AYA cancer survivors. In this
study, we aretailoring an existing positive emotionsintervention
to align with the needs and preferences of posttreatment AYAs
and then piloting the intervention over two waves of data
collection to refine study procedures. Our short-term goal for
this work is to produce a multicomponent, emotion regulation
intervention that is feasible and acceptable to AYA cancer
survivors for future testing as part of alarger RCT.
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Strengthsand Limitations

There are a number of strengths to this research study. First,
psychosocial interventionsto promote psychological well-being
are infrequently tested in cancer survivorship despite their
potential beneficial effects. In ameta-analysis of interventions
that impact well-being outcomes in cancer, 28 RCTs with
positive affect outcomes were identified, yielding an overall
increase in positive affect (g=0.35) [80]. However, only 36%
(10/28) of those RCTs were specifically designed to target
positive affect, and only 11% (3/28) of thoseinterventionswere
focused on posttreatment cancer survivors [81-83]. Our dual
approach will alow us to impact psychologica well-being by
reducing and shortening psychological distress as well as
increasing and sustaining psychological well-being.

Second, EMPOWER uses a Web-based eHealth strategy that
is accessible via desktop PC, tablet PC, or smartphone (both
iPhone and Android systems). As aready noted, AYAs are
digital natives and leveraging their technological aptitude for
multicomponent, tailored intervention delivery allows us to
match their needs and preferences to supportive care content.
Moreover, because EMPOWER is scdable, it can be
simultaneously delivered to a limitless number of AYAs at
multiple and geographically diverse sites. Treatment integrity
and fidelity to EMPOWER remain fully intact, reducing threats
to internal validity. Thus, there is great long-term potential to
reach AYAswho are underserved and might not typically have
access to psychosocia services through community-based
practices where a mgjority receive care [84,85].

Third, our approach uses state-of-the-art systems in the
measurement of patient-reported outcomes by including
emotional, physical, and socia health measures from the NIH
Toolbox [70,86,87] and NIH PROMIS [88-90]. These
psychometrically robust measurement systems have been
systematically created through rigorous qualitative and
guantitative science methodol ogies, yielding measures that are
reliable, valid, and responsive. Moreover, the static short forms
were created by selecting the best performing itemsthat provide
coverage to a range of constructs, which helps to minimize
respondent burden without sacrificing measurement precision.
Thus, we can assess more content-relevant domains with fewer
guestions.

Despite these strengths, it is worth noting the potential
limitations to our work. First, we are conducting a single-arm
trial for this pilot study and not randomizing participants to a
control arm. Although an RCT is indeed the gold standard of
intervention research, the single-arm approach is a defensible
strategy when examining primary outcomes of feasibility and
acceptability for asmall pilot study. As part of afuture strategy
with this research, we are planning to conduct a large RCT.
Second, we are not screening participants into the study based
on moderate to high distress scores as some emotional
well-being interventions typically do. Although such an
approach might result in larger effect sizesfor our psychological
outcomes (both distress and well-being), thiswould prevent us
from exploring the potential benefits of this intervention for
those who may not have clinically significant levels of distress
but could benefit from improved emotional well-being
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nonetheless. That said, we are screening out noncompliant
participants with our run-in period, and this may result in a
selection biastoward a highly motivated and compliant sample.
Third, AYA cancer survivors have some of the poorest
participation ratesin cancer clinical trials (both therapeutic and
supportive care) [91-94]. Recruiting AYAs involves significant
time and resources. As there is a clear need for interventions
that can help improve their psychol ogical well-being, our work
isanecessary first step.

Finally, our emphasis on interventionsto enhance psychological
well-being is not intended to deny, minimize, or otherwise
ignore the significant stress of being diagnosed with and treated
for cancer as an AYA or the deleterious impact it has on
patients’ psychological and physical health. Nor isit advocating
a superficial don’t worry, be happy approach to dealing with

Acknowledgments

Sasman et d

their illness. Rather, we are suggesting that if we broaden our
focus to include a wider range of coping strategies, including
interventions to promote psychological well-being, we will
better equip AYAs to manage the deleterious effects of stress
[95].

Conclusions

The goal of this work is to adapt and pilot test a Web-based,
emotion regulation intervention designed to enhance positive
emotions among AYA posttreatment cancer survivors. |If
EMPOWER proves feasible and acceptable, it will be primed
for asubsequent large, multisite RCT. Asascalableintervention,
itwill beideally suited for AYA survivorswho would otherwise
not have accessto supportive careinterventionsto help manage
posttreatment distress and enhance well-being.
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Abstract

Background: Hand hygiene complianceis considered the most (cost-)effective measure for preventing health care-associated
infections. While hand hygiene interventions have frequently been implemented and assessed in hospitals, there is limited
knowledge about hand hygiene compliance in other health care settings and which interventions and implementation methods
are effective.

Objective: This study aims to evaluate the effect of a multimodal intervention to increase hand hygiene compliance of nurses
in nursing homes through a cluster randomized controlled trial (HANDSOME study).

Methods: Nursing homes were randomly allocated to 1 of 3 trial arms; receiving the intervention at a predetermined date,
receiving the identical intervention after an infectious disease outbreak, or serving as a control arm. Hand hygiene was eval uated
in nursing homes by direct observation at 4 timepoints. We documented compliance with the World Health Organization’s 5
moments of hand hygiene, specifically before touching a patient, before a clean/aseptic procedure, after body fluid exposure risk,
after touching a patient, and after touching patient surroundings. The primary outcome is hand hygiene compliance of the nurses
to the standards of the World Health Organization. The secondary outcome is infectious disease incidence among residents.
I nfectious disease incidence was documented by a staff member at each nursing home unit. Outcomes will be compared with the
presence of norovirus, rhinovirus, and Escherichiacoli on surfacesin the nursing homes, as measured using quantitative polymerase
chain reaction.

Results: The study was funded in September 2015. Data collection started in October 2016 and was completed in October 2017.
Data analysis will be completed in 2020.

Conclusions: HANDSOME studiesthe effectiveness of ahand hygieneintervention specifically for the nursing home environment.
Nurses were taught the World Health Organization’s 5 moments of hand hygiene guidelines using the slogan “Room In, Room
Out, Before Clean, After Dirty,” which was devel oped for nursing staff to better understand and remember the hygiene guidelines.
HANDSOME should contribute to improved hand hygiene practice and areduction in infectious disease rates and related mortality.
Trial Registration: Netherlands Trial Register (NTR6188) NL6049; https://www.trialregister.nl/trial/6049

International Registered Report Identifier (IRRID): DERR1-10.2196/17419
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Introduction

Health care—associated infections (HAI) are asignificant source
of morbidity in nursing home residents. If we include urinary
tract infections, we see on average more than one HAI per
resident per year in European nursing homes [1]. Not only do
residents become ill from HAI but HAl may also affect staff
due to their own illness and increased workload, further
disrupting care. Hand hygiene (HH) can play a role in an
infection prevention strategy.

Most studies focus on hand hygiene compliance (HHC) in
hospitals, ignoring other settings with vulnerable populations,
such as nursing homes [2]. The few published studies that
recorded HHC in nursing homes according to the World Health
Organization (WHO) standards show estimates of 6% to 27%
HHC before an intervention [3-7]. There is some evidence that
infectious disease rates and mortality rates decrease in nursing
homeswhen HHC increasesthrough HH interventions[4,8-10].
While most HH intervention studies document HHC rates in
hospitals, there are a few published studies showing that
interventions can significantly influence HHC in anursing home
[4,8,11]. For example, 2 studies in long-term care facilities in
Hong Kong showed significant increasesin HHC in intervention
arms (27% to 61%, P<.001; 22% to 49%, P<.001; and 26% to
33%, P=.10), no significant changes in control arms after
implementing multifaceted HH interventions involving the
provision of hand sanitizer, reminder materials, education, and,
in one case, performance feedback [4,8]. In Taiwan, nursing
assistants showed significantly better HHC (from 9% to 30%,
P<.001) 3 months after participating in a 1-hour class and 30
minutes of hands-on training [11].

Due to a paucity of HH studies in nursing home settings using
the WHO hand hygiene standards, we designed atrial to evaluate
the impact of an intervention package tailored to the specific
context of nursing homes. HH interventions developed for
hospitals are not necessarily appropriate for nursing homes.
First, the 5 HH moments of the WHO are difficult to interpret
and usein the nursing home setting. The 5 moments of the WHO
dictate that HH should be done before touching a patient, before
a clean/aseptic procedure, after body fluid exposure risk, after
touching a patient, and after touching patient surroundings. At
the same time, a patient’s surroundings in a nursing homeis a
fluid concept. Nursing home residents are generally mobile,
sharing communal areas. For example, should touching a
resident’s walking frame in the living room be considered
touching aresident’senvironment (after which HH isindicated)?
Is a section of atablein aliving room a particular “resident’s
environment” because that resident is sitting there at that
moment? Second, interventions should minimally disturb the
homelike setting. For example, hanging hand sanitizer dispensers
on beds could be perceived as transforming the homelike
environment to a medicalized one. Another difference is that
nurses in nursing homes generally have less education than

https://www.researchprotocols.org/2020/5/€17419

nurseswho work in hospitals. Theintervention should therefore
be adapted to their educational level by using simple language
and hands-on exercises [12].

The HANDSOME study was developed to evaluate the
effectiveness of an intervention to improve HHC in nursing
homes. An additional goal of the study is to determine if an
intervention is more effective when implemented following an
outbreak. In this paper, we describe the study design and
protocol details of the HANDSOME studly.

Methods

Overview

The HANDSOME intervention isbased on our experience with
developing HH interventionsin hospital and childcare settings.
We performed arandomized controlled HH study in 15 hospitals
throughout the Netherlands [13]. Underlying determinants for
HHC were addressed through various means, including making
changes to the physical environment (eg, adding dispensers),
creating new socia norms, and implementing an HH e-Learning
program. While the control and intervention arms did not differ
in HHC at baseline, there was a statistically significant
difference in HHC during the follow-up between the control
arm (24.9% HHC) and intervention arm (35.4% HHC) [14]. In
childcare settings, we conducted a cluster randomized controlled
trial including providing HH products, providing HH training
to childcare workers, organizing team sessionsto promote goal
setting, and providing stickers and posters for caregivers and
children as cuesto action. Thisled to a statistically significant
increase in HHC in the intervention arm, even 6 months after
the intervention [15]. Considering the significant increases in
HH in these settings, we adapted these interventions for the
current study.

Trial Design

HANDSOME is a parallel-group, observer-blinded, and
observed-blinded cluster randomized controlled trial toincrease
nurses HHC. For the purpose of this study, nurseswere defined
as those who have completed a 3-year or 4-year degree in
nursing. The study has 3 study arms: 2 intervention arms and
1 control arm. Nursing homes were randomized to one of the
3 tria arms: fixed intervention, conditiona intervention, and
control. The nursing homesin the 2 intervention arms received
the same intervention, while the control nursing homes did not
receive the intervention. The nursing homes in the fixed
intervention arm received the intervention at a predetermined
date, while the nursing homes in the conditional intervention
arm received the same intervention as the fixed intervention
arm, but only after an infectious disease outbreak. The
conditional intervention arm was conceived with the idea that
an outbreak would cause an increased sense of infection risk
and urgency, leading towards a better and/or more sustained
HH performance. The control |ocations were free to implement
any other infection prevention intervention, since this is
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“business as usual” and it is unethica to withhold care
improvements from residents. Nursing homes were observed
several times for HHC, required to complete illness incidence
reports, and subjected to microbiological surface sampling.

Background information about the nursing homeswas collected
through astructured interview. Thiswasfollowed by abaseline
observation in every nursing home unit. Next, nursing homes
were randomized into 1 of the 3 study arms. Randomization
was at the level of the nursing home rather than the individual
nurse or ward, since the intervention was available to an entire
nursing home. The aim wasto include aminimum of 55 nursing
homes: 15 fixed intervention nursing homes, 25 conditional
intervention nursing homes, and 15 control nursing homes (see
Sample Size Calculations).

A tablet-based app was used to document compliance. Results
from background interviews, pilot observations, and the pilot
intervention were used to refine the observation app and
intervention. Since we were able to determine which types of
HH opportunities (submoments) are the most common, these
were added to the app to get more insight into HHC. We also
used this extrainformation to address specific HH issues during
the intervention, such as how to handle laundry or use a
telephone, tablet, or hand brace. We were also able to
specifically incorporate the most common invasive procedures
in the intervention lessons. The pilot intervention allowed usto
revise the materials so that they were easier to use.

Trial Aim
We aimed to increase compliance with the WHO's 5 moments

of HH [16], which was measured during repeated observations
over aperiod of 12 months.

Study Setting
All data were collected in nursing homes in the Netherlands.
To capture diversity, these nursing homes are situated

throughout the country in areas with differing degrees of
urbanization.

Recruitment

Recruitment of nursing homes began by sending printed flyers
with information about the study to large nursing home
organizations listed on a website that lists most health care
providers in the Netherlands (ZorgkaartNederland). Digital
flyers were also sent to health care associations so they could
inform their members about the study. In addition to the nursing
homes recruited for the study, 3 nursing homes from 3 distinct
organizations wererecruited as pil ot locationsto train observers
and test the intervention. After the distribution of the flyers,
organi zations were contacted by phone to discuss willingness,
eligibility, and conditions for participation. Interested nursing
homes were visited personally to further discuss participation.
Enroliment began April 25, 2016. Participants are no longer
being recruited.

https://www.researchprotocols.org/2020/5/€17419
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Eligibility Criteria

Eligibility criteriawereidentified to foster homogeneity between
nursing home units. First, only publicly funded organizations
willing to commit 3 or 4 nursing homes to the study were
eligible. By alocating different nursing homes within the same
organization to different study arms, we aimed to minimize
variation between the study arms. Each nursing home committed
a minimum of 2 eligible units. Nursing home wards were
considered eligible as a unit if they had 3 or more nurses
working between 8:00 am and 2:00 pm on weekdays so that we
could observe a minimum of 3 nurses during one observation
session. If therewere not enough nurses employed during those
hours in one ward, multiple wards were combined and
considered 1 unit for purpose of this study. If a nursing home
could only supply 1 unit, it was coupled with aunit from another
nursing home from the same organization. All wards primarily
provided somatic or psychogeriatric residential care. Nursing
homes were alowed to perform other infection prevention
improvements, provided they did not simultaneously participate
in other HH trials.

Allocation

The randomization process was accomplished through a stepwise
procedure after baseline observations. The primary investigator
first drew (computer-generated) one nursing home per
organization at random for the fixed intervention arm. After
this, one nursing home per organization was randomly drawn
for the conditional intervention arm. The remaining nursing
homes were randomly assigned to the conditional intervention
arm or the control arm. This method allowed for random
allocation while minimizing the variation between the study
arms.

Intervention

Studies have shown that using multiple strategies that address
multiple determinants (eg, a multimodal approach) is the most
effectivein increasing HHC [17]. Another key determinant for
good HHC is repetition [17-19]. These were the cornerstones
of our intervention.

For the purpose of the current trial, we scanned literature for
determinants that influence HH [18,20,21], in particular for
determinants that we had not considered in our earlier
interventions. Additionally, 5 interviews were held at nursing
homes for a better understanding of obstacles to HH. Next,
i ntervention mapping principles were used to further recognize
applicable determinants, methods, and strategies for the
devel opment of thisintervention [22] (Table 1). Theintervention
was further refined after informal discussions with members of
more than 20 nursing home organi zations during the recruitment
period. Theintervention continued to be adjusted asan iterative
process.
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Table 1. Intervention mapping for HANDSOME: using determinants and methods to devel op the strategy for intervention components.

Intervention element Determinant(s) Method(s)/strategy(s)
M eeting with management
Present the average HHC?in nursing homes. Show thereis ~ Knowledge Reporting

room for improvement.

Talk about costs (time and money) and harm (illness of resi-
dents and staff) associated with a methicillin-resistant
Saphylococcus aureus or norovirus outbreak.

Use aform to structurally discuss necessary facilities and fa-

cility changesfor efficient H HP practices. Stressthat the orga-
nization, not the resident, must provide all HH materias. Help
optimize where HH materials are stored and how and when
they are replaced.

Talk about the Dutch guidelines for personal hygiene and
noncompliance policies at other organizations. Talk about risk
of infection. Use aform to register a (new) persona hygiene
policy for the organization. Make sure that employees have a
safe space for personal belongings. Offer solutionsfor person-
nel with rings.

L et management know that they can receive a“Good hand
hygiene” certification if they achieve aminimum HHC.

Convince management that their presence at Lesson 1 will
positively influence HHC results. Plan lessons and the personal
hygiene presentation.

Lesson 1

A senior nursing home manager introduces the intervention
and expresses the importance of HH.

Show an HH video. Present health care—associated infection
statistics for nursing homes and explain health risk to self and
others. Help employees visualize HH from the perspective of
the resident.

Teach using a presentation. Teach “Room In, Room Out, Be-
fore Clean, After Dirty.” Teach and discuss HH when handling
pills, food, and laundry. Teach when to use hand sanitizer or
soap and the proper use of gloves.

Team creates agroup HH goad.

Introduce the e-L earning and show the nurse’ swatch they can
earn by completing the e-Learning.

Show posters and ask where they want to seethe posters. Hand
out small bottles of hand sanitizer for use in the e-Learning,

Presentation of the personal hygiene policy

A senior nursing home manager presentsthe personal hygiene
policy (no long nails, nail polish, rings, bracelets, watches,
braces, or long sleeves). Make consequences known for non-
compliance.

Lesson 2

Make an inventory of barriers to good HH.

Think of solutions for barriers.

Lesson 3

Participants“wash” handswith paint and see wherethey miss.

Participants learn how to disinfect their hands.

Perceived threat, ac-
knowledging importance

Environmental restructur-
ing, rules and regula-
tions, awareness, assis-
tance for organizational
change

Seeing importance, rules
and regulations, profes-
sional standards

Motivation

Capable leadership

L eadership commitment,
framing

Create urgency, framing

Knowledge

Self-efficacy, sense of
ownership

Facilitate learning, nonfi-
nancial incentives

Nonfinancial incentives,
self-efficacy, sense of
ownership

Mandate, perceptions of
norms, leadership com-
mitment

Attitude, knowledge
Systems change

Attitude, knowledge
Knowledge, self-efficacy

Consciousness raising, persuasive communication,
anticipated regret

Organizational diagnosis and feedback/tailoring, sys-
tems change, reduce environmental barriers, persuasive
communication, participatory problem solving, struc-
tural redesign, cue atering/nudging, consciousness
raising, goal setting, problem management tool

Systems change, nonfinancial incentives, mandate,
anticipated regret, tailoring, organizational diagnosis
tool

Nonfinancia incentives, early commitment

Persuasive communication (with management), plan-
ning

Persuasive communication, public commitment, intro-
duce systems change

Persuasive communication, consciousness raising,
anticipated regret, shifting perspective

Chunking, using imagery, personal feedback

Implementation intentions/goal setting, socia influ-
ence, team commitment

Structural redesign, beginning of repeated exposure

Cuedtering

Punishment, persuasive communication, role models

Discussion

Tailoring, organizational diagnosis, planning coping
responses, group discussion, structural redesign, sys-
tems change

Participation
Guided practice

https://www.researchprotocols.org/2020/5/€17419

RenderX

JMIR Res Protoc 2020 | vol. 9 | iss. 5 |e17419 | p.133
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Teesing et a

Intervention element

Determinant(s)

Method(s)/strategy(s)

Participants see that they get paint on hands after glove re-
moval and that the paint represents invisible bacterialviruses.

Remind participants that they can earn awatch by completing
the e-Learning.

E-Learning

Show playback squel ching excuses not to do HH. Show films
from the perspective of the resident.

Explain when to use hand sanitizer or soap. Practice using
hand sanitizer with participants.

Use videos with correct and incorrect behavior to teach HH
moments and common HH actions. Teach how to perform
HH when preparing food and pills.

Teach how to work efficiently to avoid unnecessary HH using
videos with correct and incorrect behaviors.

Teach the proper use of gloveswith still images and videos
with correct and incorrect behaviors.

Show that HH does not inhibit other tasks or socia contact
with the resident.

Give aquiz after every module.

Promise a nurse's watch when the e-Learning is completed.
Use dripped learning so that the e-Learning is completed in
small modules over 14 weeks. Send reminders.

Poster

Multiple copies of anew poster are hung throughout the
nursing home every month.

Photo competition

Let nursing home employees know they can win a prize for

Knowledge

Non-financial incentives

Professional behavior
standards, attitude

Knowledge, skills, self-
efficacy
Knowledge

Clinical work process
flow

Perceived norms, knowl-
edge

Self-efficacy

Knowledge

Curiosity, information
system, knowledge, non-
financial incentive

Sacial influence, per-
ceived norms

Nonfinancial incentives

Anticipated regret, rationalize risk

Persuasive communication

Using imagery, shifting perspective

Advance organizers, modelling, guided practice

Chunking, modelling, active learning

Systems change
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8HHC: hand hygiene compliance.
PHH: hand hygiene.

The intervention has 4 main components. a meeting with the
management, 3 live group lessons, e-Learning, and posters.
Additionally, thereis aphoto competition and an arts and crafts
project. All components were published on a website after
completion of the intervention [23].

Meeting With Management

A meeting at the nursing home took place 1-2 months after the
baseline compliance measurement. A senior nursing home
manager, infection prevention specialist, and facilities manager
were asked to attend the meeting. The meeting started with
consciousness raising about the cost of a methicil