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Abstract

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

Objective: The proposed study aims to examine the feasibility and effectiveness of a blended personalized periconception
lifestyle care intervention with additional psychological therapy aimed at women with a BM1=25 and who are contemplating
pregnancy or are already pregnant (<12 weeks) in reducing inadequate lifestyle behaviors and improving early and late pregnancy
outcome.

Methods: The eHealth and Face-to-face Counseling (eFUSE) study follows a single-center two-arm randomized controlled
trial design at the Erasmus M C, University Medical Center, with amulticenter regional referral. The femal e patientswith overweight
(BMI1=25), together with their male partner, will be stratified by pregnancy status (preconception vs pregnant) and randomized
to receive either the blended personalized periconception lifestyle careintervention with additional psychological therapy (n=313)
or usua care (n=313). The primary outcome is a change in the lifestyle risk score (between baseline and 24 weeks) between the
randomization arms (difference in differences). Secondary outcomes include measurements defined as most relevant by the
International Consortium for Health Outcomes Measurement, including behavioral determinants, patient satisfaction, provider
feasibility, and maternal pregnancy and neonatal complications.

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

Conclusions: This study will evaluate the feasibility and effectiveness of a blended periconception lifestyle intervention with
additional psychological therapy, aimed at women with a BMI1=25. Positive results of this innovative care approach will be used
for implementation in routine medical care of all women with overweight, with the ultimate aim to improve clinical outcomes of
these high-risk pregnancies.

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

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

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

Methods

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

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

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

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

https://www.researchprotocol s.org/2021/9/e28600

Overview

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

in the Predict study with overweight (BM1225 kg/m?) are
eligible for inclusion in the eFUSE study. Patients included in
the eFUSE study will be stratified by pregnancy status
(preconception vs pregnant) and randomized to receive either
blended personalized periconception lifestyle care with
additional psychological therapy or usual care.

Objective

The aim of this trial is to study if a blended personalized
periconception lifestyle care approach aimed at women with a
BMI1=25 who are contemplating pregnancy or already pregnant

(<12 weeks) can significantly reduce the lifestyle risk score
(LRS).

Participants

Patient couples, of whom thewoman hasaBMI1=25, areinvited
to participatein this RCT during their first visit to the outpatient
antenatal clinic of the Erasmus MC, University Medical Center
Rotterdam, Rotterdam, the Netherlands or one of the secondary
hospitals, after which they will be referred and counseled for
study participation. Thefirst visit can either be a preconception
consultation or the first antenatal session (<12 weeks of
gestation). Patient couples will be screened for eligibility by
their physician when the woman is in reproductive age (18-45
years), is contemplating pregnancy or is pregnant (<12 weeks),
visits the outpatient antenatal clinic, and has overweight
(BMI1=25). Exclusion criteria are multiple pregnancy, history
of bariatric surgery, insufficient knowledge of Dutch language,
feta anomalies, or inability to provide informed consent.
Women can be included as a single participant if the partner
does not participate. When participating, the partner will attend
the first face-to-face lifestyle counseling session and will have
access to the online lifestyle coaching platform Smarter

Pregnancy.
Intervention

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

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

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

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

First Counseling Session

Thefirst counseling session takes placein week 1 of the blended
personalized periconception lifestyle careintervention and will
be attended by both the woman and male partner. The aim of
the first counseling is twofold: first, to raise awareness on the
personal lifestyle-associated risk factors for fertility and
preghancy and, second, to facilitate the ongoing provision of
tailored lifestyle counseling. In the first session, together with
the counsel or, participantswill be asked to formulate up to three
lifestyle behavior goals and develop a plan to reach these goals
(identifying thresholds and positive incentives).

van der Windt et al

Second and Third Counseling Sessions

As part of the Smarter Pregnancy coaching program, every 6
weeksadigital questionnaire on lifestyle behaviorswill befilled
out by the participants. During the second (in weeks 4-6 of the
blended personalized periconception lifestyle care intervention)
and thethird counseling sessions (in weeks 16-18 of the blended
personalized periconception lifestyle careintervention), results
of the questionnaire will be discussed, personal lifestyle goals
will bereviewed, progress of lifestyle changewill be discussed,
and motivational interviewing will be used to support further
(sustainment of) behavior change. We expect that the effects of
the face-to-face and eHealth components will reinforce each
other. The second and third counseling sessions are only
mandatory for the woman and her partner iswelcometo attend.

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

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

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

First counseling session

week 1

Intervention group
Control group

* Providing information on
healthy lifestyle behaviors

+ Raising motivation to adhere
to healthy lifestyle behaviors

+ Formulating goals

Motivational interviewing
Techniques and

tools

Usual Care

Women with BMI1=25 alocated to the control group will be
provided with standard care, which consists of one standard
face-to-face lifestyle counseling session at the outpatient clinic

https://www.researchprotocol s.org/2021/9/e28600
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Second counseling session

Intervention group

+ Discussing behavior
during difficult moments

+ Providing tools to help
with difficult moments

* Motivational interviewing
* SORC scheme
* Relaxation techniques

Third counseling session

week 4-6 week 16-18

Intervention group

» Further discussing behavior
during difficult moments

* Formulating goals and
providing tools to help
sustaining lifestyle behavior
change

* Motivational interviewing

= Evidence for
Automatic Thoughts Worksheet

= B-factor model

Healthy Pregnancy, access to the online coaching program
Smarter Pregnancy, and routine antenatal visits according to
local and Dutch guidelines (NVOG protocal).
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Trial Flow

Figure2. Tria flow of the eHealth and Face-to-face Counseling study.
NONPREGNANT

® - BMmI=25

= contemplating pregnancy
or pregnant <12 weeks of
gestation

PREGNANT

Outcomes

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

Secondary outcome measures comprise several questionnaires,
in linewith the International Consortium for Health Outcomes
M easurement recommendations [29]:

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

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

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

- Health status measured using the validated EQ-5D
questionnaire [32] at weeks 12, 18, and 24
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Thetrial flow isvisualized in Figure 2.

One face-to-face lifestyle
counseling session
Smarter Pregnancy eHealth coaching program

Care as usual

Online questionnaires

T=0 T=6

Three face-to-face lifestyle and mental health
Blended periconception counseling sessions
lifestyle and mental
health care intervention | SMarter Pregnancy eHealth coaching program
Headspace

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

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

T=12 T=18 T=24

Randomization and Allocation

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

Data Collection

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

Sample Size Calculation

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

Data Analysis

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

Data M anagement

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

Safety Monitoring and Reporting

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

Ethical Approval and Dissemination

Thetrial will be conducted in accordance with the principles of
the Declaration of Helsinki (2013 version) and will fully comply
with the SPIRIT (Standard Protocol I1tems: Recommendations
for Interventional Trials) reporting guidelines [36]. This study
was approved by the Committee of Medical Ethics of the
Erasmus Medical Center, Rotterdam (MEC-2020-0113) and
registered in the Dutch Trial Registry (NL9264). Written
informed consent from each participant will be obtained. The
results will be published in peer-reviewed journals to ensure
widespread dissemination.

Results

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

Overview and Expectations

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

Strengthsand Limitations

Thisisthefirst study that will evaluate ablended periconception
lifestyle intervention with additional psychological therapy
aimed at women with a BMI1=25 in a randomized controlled
design. All aspects offered in the blended care approach are
personalized to theindividual patient couple. Furthermore, both
the periconception eHealth lifestyle platform Smarter Pregnancy
and the outpatient clinic Healthy Pregnancy have been proven
effective before [4,5,7,8]. A possible limitation of this study is
that it is hard to unravel which part of this blended
periconception lifestyle intervention with mental health
components affects lifestyle behaviors and which elements
contribute the most.

Conclusion

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

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

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

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

Results: Study recruitment, visits, and participant safety assessments were all successfully modified during the initial year of
the COVID-19 pandemic. Compared to in-person recruitment that occurred prepandemic, remote recruitment yielded a greater
proportion of women enrolled in the study (83/136, 61.0% vs 43/52, 83%) in a shorter period (12 months vs 7 months).
Conclusions: Despite study challenges related to the pandemic, including time and effort adapting to aremote protocol, remote
recruitment and visits for this study were found to constitute a successful approach.

Trial Registration: ClinicalTrials.gov NCT03826342; https.//clinicaltrials.gov/ct2/show/NCT03826342
International Registered Report Identifier (IRRID): DERR1-10.2196/30367

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

Overview

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

CQOVID-19 and Women's Health

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

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

group.
The perinatal period has been identified as an urgent time to

address and prevent these co-occurring risks [11], and
technol ogy-delivered interventionsareideal ly suited given their
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low cost and potential reach [12]. We are currently testing an
innovative and low-cost technol ogy-delivered intervention, the
Health Check-Up for Expectant Moms (HCEM) (see study
protocol in Tzilos Wernette et a [13]), which is theoretically
grounded, consistent with motivational interviewing, and
informed by the Information-Motivation-Behavior model,
simultaneously targeting alcohol and drug use risk and risky
sexua behavior during pregnancy. The HCEM is a 60-minute
intervention that is guided by a narrator; provides information,
including short video testimonial s, highlighting the bidirectional
relationships among these risk factors; and provides motivational
strategies to enhance behavioral skills, including male and
female condom use. In this paper, we highlight the ways in
which our study team has adapted our research protocol and
study procedures so that we can continue recruitment,
assessment, and intervention remotely during the COVID-19
pandemic. Remote study participation may have potential
advantages for participants, including lessening the burden of
travel time, costs, and inconvenience associated with in-person
visits [14].

Methods

Our study usesatwo-group, randomized controlled design with
a baseline session (prior to 22 weeks pregnant), plus two brief
booster sessions within 1 month of study enrollment. We
conduct three follow-up assessments at 2 and 6 months from
baseline, and a postpartum assessment at 6 weeks postpartum.
All sessionsare asynchronously delivered viatechnol ogy using
the Computerized Intervention Authoring Software [15].
Additionally, each session includes the assessment of risk
behaviors (eg, risky sexual behavior and alcohol and drug use)
using the “timeline follow-back” interview method, a
calendar-assisted structured interview [16]. Study recruitment
prior to the pandemic was conducted exclusively in person at
obstetric and primary care clinics. During the pandemic,
recruitment efforts shifted to remote (eg, phone, text messaging,
and online). Study participants include 250 pregnant women,
aged 18 years or older; participants endorse the following risk
factorsin order to be eligible for the study: (1) unprotected sex
in the past 30 days in addition to having more than one male
partner in the last 6 months and/or having uncertainty about
current sexual partner’s monogamy and (2) current alcohol and
drug use risk [17,18]. The study protocol was approved by the
University of Michigan Medical Institutional Review Board
(HUMO00143896) and registered at ClinicalTrials.gov
(NCT03826342).

Results

Overview

All in-person behavioral research studies university-wide were
paused in March 2020 due to the COVID-19 pandemic. This
impacted our study in threeimportant ways. Primarily, we could
no longer recruit new participants or conduct any study visits,
including assessments and viewing of theintervention or control
conditions. Next, STI testing and biological (eg, hair and urine)
sample collection for the assessment of drug use was suspended
sincethiswas no longer donein person during aperinatal study
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visit. Furthermore, because we were no longer seeing women  to continue during the pandemic. The changesweimplemented
in person, we had to modify our guidelines around assessing are detailed below in Table 1 [19], by category; for each point,
for participant safety, including the remote assessment of wedescribetheoriginal protocol followed by modifications (ie,
suicidality. Finally, the following modifications to our “current protocol”).

technol ogy-based intervention and protocol were madein order
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Table 1. Modifications to the Health Check-Up for Expectant Moms protocol in response to the COVID-19 pandemic.

Study aspects and protocols Details

Study visits
Baselinevisits
Original protocol  Basgline visits were conducted in person with research staff viainterviews and accessing the CIAS? platform using a
study iPad.

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

Delivery of follow-up assessments

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

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

Collection of biological samples

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

Current protocol Collection of biological samplesis temporarily suspended.
I ncentive payments
Origina protocol  Incentive payments (US $200 in cash) were made in person at study visits.

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

M odified COVID-19 assessment®

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

I ntervention arm content

Original protocol  Intervention arm content included referencesto booklet given in person and to the male and femal e condom demonstrators,
which was part of the in-person intervention.

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

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

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

Safe sex kits

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

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

Original protocol  All informational handouts (intervention and control) and local resources were provided to the participantsin person
at study visits.

Current protocol All informational handouts and list of local resources are emailed, including the study booklet for participantsin the
intervention arm.

Provider-ordered sexually transmitted infection (STI) tests
Original protocol ~ STI test results (urine samples) were collected at our clinic labs at each study visit.

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

Recruitment
Potential participants

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

Details

Current protocol

Call patientsb

Current protocol

Interested patients
Original protocol

Current protocol

Screening consent form

Original protocol
Current protocol
Compensation

Original protocol

Current protocol

Eligible patients
Original protocol

Current protocol

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

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

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

Interested patients are emailed aweblink to complete the screening survey online.

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

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

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

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

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

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

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

Modified procedures
Original protocol

Current protocol

List of local resources
Original protocol

Current protocol

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

We modified our proceduresfor suicide risk assessment to reflect remote nature of visits(ie, research staff can no longer
go to clinic socia worker with participant to assess severity in person, as was donein the origina protocol). We aso
modified our protocol for stepsto takeif our study team becomes aware of child abuse and neglect remotely, including
procedures for how to report.

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

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

8CIAS: Computerized Intervention Authoring Software.
bThis study aspect only came about as a result of the COVID-19 pandemic and only includes a current protocol.

Participant Recruitment

Discussion

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

https://www.researchprotocol s.org/2021/9/e30367
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Principal Findings

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

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

Tzilos Wernette et d

has no likelihood of acting on these thoughtsin the near future,
our staff provides her with resources (eg, National Suicide
Prevention Lifeline and local resources, including social work)
and offersto notify their primary care physician or mental health
provider. If the participant discloses that they are somewhat or
very likely to harm themselves, our research staff expresses
concern and recommends that they speak to a professional as
soon as possible. They also contact the principal investigator
(P1) or clinical backup of the study who would plan to follow
up with them by phone immediately. The research staff would
provide numbers for local crisis and emergency mental health
serviceswithin our health system that are offered. The Pl would
take appropriate action depending on the level of risk (eg, high
risk would require areferra to the emergency department closest
to the study participant). To date, we have not had a participant
disclose suicidality.

Conclusions

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

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

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

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

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

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

Trial Registration: International Standard Randomized Controlled Triad Number (ISRCTN): 93685907
https://www.isrctn.com/I| SRCTN93685907.
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Introduction

Background and Rationale

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

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

https://www.researchprotocol s.org/2021/9/e25017

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

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

Evaluation Objectives and Research Questions

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

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

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

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

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

Miguel-Cruz et a

Methods

Study Design

Thisstudy will use amultimethod research design. The Methods
section is presented in accordance with the study’s research
guestions. Additional details have been provided in Figure 1.

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

3D immersion technology (3Scape) on mental health

Design Participants
1. Clients of the START psychiatry day
hospital program at GRH
(outpatients)
R Component] Pre and post RCT 2. Qlder adults aged 65 years and
esearch questions b older
12 feasibility
3. MoCA =18
Design Participants
- Therapists of the START psychiatry
> Qualtative —> day hospital program at GRH
Component 2
Research questions
34
1. Clients of the START psychiatry day
hospital program at GRH
(outpatients)
Quant}ta!we —>» 2. Older adults aged 65 years and
descriptive older
3. MoCA =18
Design Participants
Component 2 Quantitative Therapists of the START psychiatry
Research question 5 descriptive > day hospita pogram af GRA

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

https://www.researchprotocol s.org/2021/9/e25017

RenderX
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’ MP))

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

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

« Research question 5, study design: quantitative descriptive
[19].
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Study Setting

This study will be conducted at the Short-Term Assessment,
Rehahilitation, and Treatment Psychiatry Day Hospital at
Glenrose Rehabilitation Hospital |ocated in Edmonton, Alberta,
Canada.

Eligibility Criteria
Inclusion Criteria

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

Exclusion Criteria

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

Interventions

Theeligible participantswill berandomly assigned 1:1 to either
the experimental group or the control group.

Control Group

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

Experimental (I ntervention) Group

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

https://www.researchprotocol s.org/2021/9/e25017
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sessions. The therapist will lead the video screening sessions
and the postvideo screening discussion (20 minutes of video
and 20 minutes of discussion). The research team will observe
alertness during video screenings sessions. After the discussion,
the research team will administer two questionnaires (Positive
and Negative Affect Schedule [PANAS] and postscreening
survey), which will take approximately 20 minutes. Each session
will take 1 hour overal. The videos will be screened in any
order. The goal of these videosisto trigger positive memories,
engage individuals, and bring comfort and familiarity. The
topics of the videos are as follows: (1) The Path, (2)
Remembering, (3) The Dance, (4) The Memory Box, and (5)
Baby Animals. A sample of the videos can be found on the
company’s website [15]. The sessions will take place at the
Courage Center at Glenrose Rehabilitation Hospital. No more
than 5 participants will be present during each video screening
Session.

Outcome Variables

Research Questions 1-2 (Primary Outcome Variables)

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

Research Questions 1-2 (Secondary Outcome Variabl es)

Engagement whilewatching the 3Scape videoswill be measured
using an engagement scale developed by team members in a
previous study [25]. Thisisan 8-point Likert scalethat hasbeen
shown to be understood by older adults, even those with mild
cognitive impairments.

Research Question 3 (Participants: Older Adults)

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

Research Question 4 (Participants: Therapists)

Participantswill be asked to participate in apoststudy interview
to provide feedback on their experiences, with their patients
using the 3Scape videos.

Research Question 5 (Participants: Therapists)

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

Theindependent variablein this study isthetype of intervention
used. Thisvariable hastwo levels(ie, control and intervention);
the Interventions section provides more details.
Confounding Variables

Age, gender, mental health condition, and groups in which the

and whether the patients are taking any medication will be

analyzed as confounding variables.

Participant Timeline

Overview

Thisfeasihility trial consisted of a6-week intervention treatment
phase; this study does not have a follow-up phase. The total
trial datacollection period will be 8 months. Asshownin Table
1, Figure 2, and Figure 3, the measurements will be taken as

Miguel-Cruz et a

patients are involved during the intervention will be applied, follows.
Table 1. Key variables and measurements.
Variables Participants Measurement To Ty Ty T3 Ts Ts Ty Tg
Primary outcome
GAD-72 Older adults GAD-7 scale gbed ped  d d d od Od med
HoNOS® Older adults HoNOS, aclinicianrat- pcd  ed  gd d o nd od ed
ing tool
OPQoL -Brieff Older adults OPQoL-Brief scale ged  pged  d nd o od od ed
PANASY Older adults PANAS oéd  pged  d d d nd d ed
Secondary outcomes
Engagement Older adults Engagement scale nd nd od nd 0d 0d d O
Experiences while Older adultsand ~ Semistructured interview O
watching the 3Scape therapists
videos
MBI-HSS MP" Therapists MBI-HSS MP O
Covariates
Demographics Older adultsand  Self-report assessment ned
therapists questionnaire

8GAD-7: Generalized Anxiety Disorder-7.
bOutcome present.

CControl groups.

Yintervention groups.

®HoNOS: Health of the Nation Outcome Scale.
fOPQoL -Brief: Older People’s Quality of Life-Brief.
9PANAS: Positive and Negative Affect Schedule.

PMBI-HSS MP: Maslach Burnout Inventory-Human Services Survey for Medical Personnel.
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Figure2. Flow of participants. GAD-7: Generalized Anxiety Disorder-7 item; HONOS: Health of the Nation Outcome Scale; MoCA: Montreal Cognitive
Assessment; OPQoL -Brief: Older People's Quality of Life-Brief; PTSD: posttraumatic stress disorder.
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Week 12 (T1)
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Discontinued intervention (n=7)

v

v

Weeks13-17 (T1-T7)

Lost to follow-up (give reasons) (n=7)
Discontinued intervention (n=7)

Weeks13-17

Lost to follow-up (give reasons) (n=7)
Discantinued intervention (n=7)

Y
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Week 18 (T8)

Lost to follow-up (give reasons) (n=7)
Discontinued intervention (n=7)

Week 18 (T8)

Lost to follow-up (give reasons) (n=7)
Discontinued intervention (n=7?)

Analyzed (n=7)
Excluded from the analysis (n=?)

Analyzed (n=7)
Excluded from the analysis (n=7)
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Figure 3. Study design schema.
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Control group: START Program

15 participants 6 weeks

START Program -

6 weeks 6 weeks

Random
assignment

15 participants
START Program+
3Scape

Control group

| Intervention group

GAD-7

HoNOS

PANAS
OPQolL-Brief

Pretest-
Program

Primary outcomes variables

START Program (Except healthy living)[+ 3Scape videos

V1 V2 V3 V4 V6

GAD-7 GAD-7
HoNOS HoNOS
PANAS PANAS
OPQoL-Brief OPQol-Brief
Pretest-
=1 Posttest
Study —_

Depressive and anxiety symptoms: Measured using GAD-7(Generalized Anxiety Disorder-7 item scale ), and HoNOS (Health of the

nations scale, a clinician rating tool )

Mood: Measured using PANAS (The positive and negative affect schedule, 20-item self-report questionnaire)
Quality of life: OPQoL-Brief measured using older people’s quality of life scale-13 items

Secondary outcomes variables

Perception of the videos

I ntervention Group (Participants. Older Adults)
Research questions 1-2 (primary outcome variables): at the
enrollment of the program (week O [T], called the pretest

program enrollment), the pretest before starting showing the
videos (week 12 [T,]), and at the posttest when the participants

finish the program and watch the videos (week 18 [Tg]).

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

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

Control Group (Participants: Older Adults)

« Research question 1-2 (Primary outcome variables): at the
enrollment of the program (week 0 [T], called the pretest
program enrollment), week 12 (T,), and at the posttest when
the participants finish the program and watch the videos
(week 18 [Tg]).

https://www.researchprotocol s.org/2021/9/e25017
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For the therapists involved in the intervention group, the
measurements will be taken as follows:. research questions 4
and 5 (participants, therapists): week 12 [T,].

Sample Size

Research Questions 1-3 (Participants. Older Adults)

As thisis a feasibility study, a sample size calculation is not
required [17]. However, we can estimate the number of
participantswewill be ableto recruit during the data collection
period. In this feasibility study with a statistical power of 0.8,
an a of .05, and an effect size of 1.20, the minimum required
sample size will be 24 participants in total (12 in each group
[19]). We aim to recruit 15 participants for each group, for a
total sample size of 30, to compensate for a 20% dropout rate.
Samplesize calculations are estimated using G* Power (version
3.1.9.4, Universitat Kiel) [29].
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Research Questions 4-5 (Participants. Therapists)
Weaimto recruit 5-10 therapists participating in the Short-Term

Assessment, Rehabilitation, and Treatment Psychiatry Day
Hospital program who provided the intervention.

Recruitment

Participants (Older Adults)

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

Allocation

Sequence Generation

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

Concealment M echanism

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

I mplementation

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

Blinding (Masking)
The assessments of outcome variables will be conducted by
RAswho are blinded to the treatment allocation. Owing to the

nature of the intervention, neither the participants nor the
therapist can be blinded to the treatment all ocation, but they are

https://www.researchprotocol s.org/2021/9/e25017
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strongly encouraged not to disclose the participants' allocation
status during the assessments. An RA will enter the datainto a
computer on separate datasheets, and a senior RA will conduct
the data analysis under the supervision of the principal
investigator (PI; AMC).

Data Collection M ethods

Research Questions 1-2 (Participants. Older Adults)

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

Research Question 3 (Participants: Older Adults)

The overall experience, beliefs, and attitudes of older adults
while watching the 3Scape videos will be measured using an
instrument (8 items on a 5-point Likert scale and 4 open-ended
guestions) devel oped by the University of Calgary in aprevious
study on this technol ogy.

Research Question 4

Interviews will be conducted for the therapists. Semistructured
guestions (topic guided) will examine the usefulness of 3Scape
videos for the treatment of the mental health condition of older
adults. Interviews will be audiotaped for later analysis by team
members. To ensure anonymity, the older adults' and therapists

responses will not be connected to their identities. RA 2 will

conduct the surveys. The administration of these measureswill

take approximately 15 minutes.

Research Question 5

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

Data Analyses

Research Questions 1, 2, and 3

Theanalyseswill be conducted in SPSS using intention-to-treat
principles. Descriptive statisticswill be used to characterizethe
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groups during the pretest. Owing to the small sample size,
comparisons of the GAD-7, HONOS, OPQoL -Brief, and PANAS
scores within the groups will be performed using a Wilcoxon
signed-rank test (P<.05), and comparisons between the groups
will be calculated using the Mann—-Whitney U test (P<.05). The
GAD-7, HONOS, OPQoL-Brief, and PANAS scores will be
used to analyzethe clinical significance, established asachange
of 2 or more units [30]. Participants engagement will be
analyzed using descriptive statistics.

Research Question 4

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

Research Question 5

Descriptive statistics will be used to characterize the groups at
pretest and posttest. Owing to the small sample size,
comparisons of the MBI-HSS M P scoreswithin the groupswill
be performed using a Wilcoxon signed-rank test (P<.05), and
comparisons between the groups will be calculated using a
Mann-Whitney U test (P<.05).

Ethics and Dissemination

Research Ethics Approval

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

I ncentives

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

Withdrawal From the Study

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

https://www.researchprotocol s.org/2021/9/e25017
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Consent or Assent

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

Confidentiality

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

Accessto Data

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

Quality Assurance and Safety

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

Results

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

Principal Findings

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

The level of evidence that immersive technologies have an
impact on older adults' mental health conditionsand the burden
of careislow. The 3Scape Systems I nc videos have the potential
to become a sound alternative at the midpoint between these 2
extremes. 3Scape Systems has a technological readiness level
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Abstract

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

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

Methods: Patients receiving postoperative radiotherapy for breast cancer (OnkoFit | trial) or neoadjuvant, definitive, or
postoperative treatment for other types of solid tumors (OnkoFit 11 trial) will be randomized (1:1:1) into 3-arm studies. Target
accrual is 201 patients in each trial (50 patients per year). After providing informed consent, patients will be randomized into a
standard care arm (arm A) or 1 of 2 interventional arms (arms B and C). Patientsin arms B and C will wear an activity tracker
and record their daily step count in adiary. Patientsin arm C will receive personalized weekly targets for their physical activity.
No further instructions will be given to patientsin arm B. Thetarget daily step goalsfor patientsin arm C will be adjusted weekly
and will beincreased by 10% of the average daily step count of the past week until they reach a maximum of 6000 steps per day.
Patients in arm A will not be provided with an activity tracker. The primary end point of the OnkoFit | tria is cancer-related
fatigue at 3 months after the completion of radiotherapy. Thiswill be measured by the Functional Assessment of Chronic Iliness
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Therapy-Fatigue questionnaire. For the OnkoFit |1 trial, the primary end point isthe overall quality of life, which will be assessed
with the Functional Assessment of Cancer Therapy-General sum score at 6 months after treatment to allow for recovery after
possible surgery. In parallel, blood samplesfrom before, during, and after treatment will be collected in order to assessinflammatory
markers.

Results. Recruitment for both trials started on August 1, 2020, and to date, 49 and 12 patients have been included in the OnkoFit
| and OnkoFit 11 trials, respectively. Both trials were approved by the institutional review board prior to their initiation.

Conclusions: The OnkoFit trials test an innovative, personalized approach for the implementation of an activity tracker—guided

training program for patients with cancer during radiotherapy. The program requires only alimited amount of resources.

Trial Registration:

Clinical Trials.gov NCT04506476; https.//clinicaltrials.gov/ct2/show/NCT04506476. Clinica Trials.gov

NCT04517019; https.//clinicaltrials.gov/ct2/show/NCT04517019.

International Registered Report Identifier (IRRID):

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

DERR1-10.2196/28524

KEYWORDS

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

Introduction

Radiotherapy is a key treatment modality for the curative
treatment of varioustumor entities. Despite continuoustechnical
improvementsin facilitating increasingly precise dose delivery,
side effects are inevitable in many cases [1]. Among patients
with breast cancer, cancer-related fatigue (CRF) is the most
frequent side effect reported during and after postoperative
radiotherapy [2]. Among patients with other tumor sites that
weretreated with preoperative or definitive radiochemotherapy,
CRF has also been frequently reported. However, local acute
and late side effects of treatment can cause further impairments
in health-related quality of life (HRQoL) [1]. In addition,
sedentary behavior during preoperative radiotherapy can have
a negative impact on the postoperative course of a patient (eg,
in terms of recovery and wound complications). The beneficial
effect that physical activity has on patientswith cancer has been
clearly established over recent years and is supported by many
clinica studies [3-5]. Moreover, many international
organizations have updated their recommendations to include
exercise as an important part of cancer therapy (ie, exercise
before, during, and after cancer therapy) [6-8]. Guidelines for
the inclusion of exercise in oncologic treatments for patients
with cancer have been published recently [9]. In this context,
physical activity training can be implemented at different time
points during treatment. The goal of prerehabilitation is to
improve the fitness of patients prior to undergoing a major
medical intervention, such as cancer surgery [10]. Faster
recovery, fewer wound complications, and improved HRQoL
have been exhibited by patients who have participated in a
prerehabilitation program [11-13]. In patients with breast cancer,
low levels of physical activity are associated with a22% higher
risk of breast cancer mortality [14]. Furthermore, a recent
meta-analysis has shown that physical activity during
oncological treatmentsisahighly effective measurefor reducing

https://www.researchprotocol s.org/2021/9/€28524

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

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

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

Methods

Study Setting and Participants

The OnkoFit tridls are two independent, single-center,
randomized prospective phase |11 trialsthat have been certified
by the working group radiological oncology of the German
Cancer Society. After providing informed consent, patientswill
be randomized to astandard arm (arm A) or 1 of 2 interventional
arms(arm B and C) ina1:1:1 ratio (Figure 1). All patientswill
be recruited by the Department of Radiation Oncology at the
University Hospital Tuebingen.
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Figure 1. Overview of study arms of the OnkoFit | and OnkoFit Il trials. In each study, patients will be randomized (1:1:1; 67 patients per arm) into
the 3 arms after providing informed consent. PROM : patient-reported outcome measures.

Randomization
(201 patients)

Arm A (standard of care):
PROMs -

Brochure (“Sport, Exercise and Cancer’) -
Consultation on physical activity during -
oncological therapy

Activity fracker
PROMs

oncological therapy

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

https://www.researchprotocol s.org/2021/9/€28524

RenderX

Arm B (Activity tracker without weekly goals):

Brochure ("Sport, Exercise and Cancer”) -
- Consultafion on physical activity during -

Arm C (Activity tracker with weekly goals):

- Activity tracker

- Weekly adjustment of the number of steps

PROMs

Brochure (“Sport, Exercise and Cancer”)

- Consultafion on physical activity during
oncological therapy

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

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

Inclusion criteria

e  OnkoFit | trial

e OnkoFit Il tria

Exclusion criteria

. OnkoFit | trial

o OnkoFit Il trial

Informed consent

Age>18 years

Histologically confirmed breast cancer

Easter Cooperative Oncology Group score of 0-2

Indication for postoperative radiotherapy after breast-conserving surgery or mastectomy

Informed consent
Age>18 years

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

Easter Cooperative Oncology Group score of 0-2
Indication for preoperative, definitive, or postoperative radiochemotherapy

Planned duration of treatment of at least 4 weeks

Participation in other interventional trials
History of using an activity tracker
Pregnancy

Recent cardiovascular events (stroke, myocardia infarction within thelast 6 months, and a cardiac insufficiency New York Heart Association
grade of >1)

Easter Cooperative Oncology Group score of 3-4

Comorbidities with impairments of mobility, such as paraplegia

Participation in other interventional trials
History of using an activity tracker
Pregnancy

Recent cardiovascular events (stroke, myocardia infarction within thelast 6 months, and a cardiac insufficiency New York Heart Association
grade of >1)

Easter Cooperative Oncology Group score of 3-4

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

Treatment Groupsand I nterventions

After providing informed consent, patientswill beincluded into
either the OnkoFit | trial or OnkoFit 1l trial and randomized
into 1 of the 3 arms of the studies (Figure 1). Both studiesaim

to include 201 subjects each.

OnkoFit I: 201 patients with breast cancer

OnkoFit II: 201 patients with bronchial, esophageal, brain, head and neck,

pancreatic, or cervical cancer or sarcoma
During first visit to outpatient clinic

Randomizafion
Start of trial for individual patient
Patient starts to wear activity tracker

RT treatment

Activity trackers for armsB and C
Questionnaires

Ends 4 weeks after irradiation
Blood withdrawals

OnkoFit I: 3 months post RT (primary endpoint: Fatigue)
OnkoFit II: & months post RT (primary endpoint: FACT-G sum score)

5 years
Regular follow up according to institutional guidelines

Arm A: Standard of Care

Inthisarm, patientswill be advised to conduct at least 1.5 hours
of moderate physicd activity or 75 minutes of strenuous physical
activity per week. Patients will receive an educational patient
brochure (written in the German language) about the rational

and potential benefits of physical activity during cancer
treatment. Activity trackerswill not be provided to the patients

(Figure 3).

Figure 3. Overview of the procedure plan and follow-ups for after radiotherapy. The quality-of-life questionnaires include the Patient Health
Questionnaire-8, Functional Assessment of Cancer Therapy-Breast, Functional Assessment of Chronic IlIness Therapy-Fatigue, and European Organisation
for Research and Treatment of Cancer Quality of Life-Cancer 30 questionnaire. * The use of the activity tracker after intervention completion is based
on patients' preferences. **PRO-CTCAE items were selected based on the anatomical region treated. PRO-CTCAE: Patient-Reported Outcomes
Common Terminology Criteriafor Adverse Events; RT: radiation therapy.

Physical activity questionnaires
Usage of Activity Tracker (Arm B+C)
Adaption target activity (Arm C)

Health-related Quality of Life
questionnaires

Toxicity data (PRO-CTCAE)**

Blood test (translational)

https://www.researchprotocol s.org/2021/9/€28524

>  Baseline assessment

= =

e o e =
c s w 5 % = e E E
s 5 £ B 2 s = % %
= o 5 H o a B a o
o - o - £ = o - a
3 - = [ [ - o i w
£ o« = [ g E H o o
@ ¥ b " E E g g s

ic — ] 7] - 7] (]
5] = q
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

4 years post RT

5 years post RT

>

JMIR Res Protoc 2021 | vol. 10 | iss. 9 [€28524 | p.37
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Arm B: Activity Tracker Without Weekly Goals

Asinam A, patientsin arm B will be advised to conduct 1.5
hours of moderate physical activity or 75 minutes of strenuous
physical activity per week and will receive the previously
mentioned patient brochure. In addition, patients will be given
an activity tracker. They will beinstructed to wear it throughout
the day and document the daily step count in a patient activity
diary, which will be provided to each patient. No instructions
will be provided with regard to daily or weekly goals for step
counts (Figure 3).

Arm C: Activity Tracker With Weekly Goals

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

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

Clinical End Pointsand | nstruments Used

OnkoFit | Trial

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

https://www.researchprotocol s.org/2021/9/€28524
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OnkoFit Il Trial

For the OnkoFit |1 trial, the primary end point will bethe overall
HRQoL, which will be assessed by the Functional Assessment
of Cancer Therapy-General sum score. This end point will be
measured 6 months after the end of treatment in order to account
for possible surgical interventions and possible recovery
thereafter. In addition to the secondary end points listed for the
OnkoFit | trial, we will assess the frequency of unplanned
inpatient treatments for patients planned for ambulatory
treatments and the frequency of postoperative complications
(which will be assessed by using the Clavien-Dindo
classification system) [22] in patients receiving preoperative
radiotherapy.

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

Translational Subproject

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

Follow-up

Based on patients’ preferences, patients can keep the activity
tracker after the completion of treatment. Independent of this
decision, patients will be seen for follow-up at 3, 6, and 12
months after the completion of radiotherapy. Thereafter,
follow-ups will take place yearly for up to 5 years.
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Sample Size and Statistical Considerations

Previous studies were able to demonstrate a medium to high
effect sizewith regard to the influence that physical activity has
on the fatigue and HRQoL of patients with cancer. Based on a
medium effect size (Cohen f=0.25) with an a error of 5% and
a power of 80%, a one-way independent sample analysis of
variance was conducted. Per the results of this analysis, 201
patients (67 patients per arm) will be recruited for each trial
[27]. A dropout rate of 20% was assumed for the cal culation of
the number of patients. Randomization will be carried out via
block randomization with variable block lengths.

Data Safety and Confidentiality

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

Results

Both studies have been approved by the Institutional Review
Board of University Clinic Tuebingen (OnkoFit I trial reference
number: 201/2020BO2; OnkoFit Il trial reference number:
202/2020B02) and areregistered on Clinical Trials.gov (OnkoFit
I trial number: NCT04506476; OnkoFit Il trial number:
NCT04517019). The recruitment of patients started on August
1, 2020. Theresultswill be published in a peer-reviewed journal
upon the completion of the trial. As of June 2021, we have
recruited 49 patientsin the OnkoFit | trial and 12 patientsin the
OnkoFit 1l trial. Per our recruitment plan, 50 patients are
expected to be recruited in both OnkoFit | and OnkoFit 11 trials
per year. The reasons for the more rapid recruitment in the
OnkofFit | trial than in the OnkoFit Il trial are manifold. One
reason isthe prioritization of the OnkoFit | trial over the OnkoFit
[l trial during the COVID-19 pandemic. Another reason is the
decline of the number of patients who are eligible for the
OnkoFit 11 trial during the pandemic. However, we expect that
the recruitment rate in the OnkoFit 11 will accelerate soon.

Discussion

Trial Implications

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

https://www.researchprotocol s.org/2021/9/€28524

Hauth et d

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

We see several advantagesin an activity tracker—based training
program. First, most activity tracker devicesare easy to use and
can be intuitively used by most older patients without any
previous experience with such devices. Second, these devices
provide rea-time feedback to patients, which results in
self-awareness and motivation. Third, the quantitative measures
of physical activity levels can be remotely shared with
caregivers, thereby providing an objective view on a patient’s
constitution and whether activity goalshavebeen met [17]. The
OnkoFit | and 11 trials have been designed as 3-arm trials. By
introducing an arm in which patients receive an activity tracker
but no predefined goals, we hope to study whether patientsin
theinterventional arm, which provides weekly targets, actually
have ahigher level of physical activity and whether any potential
effects that are observed at the end of the study are associated
with the intervention.

Since acute and long-term side effects vary widely between
patientswith breast cancer undergoing radiotherapy and patients
receiving preoperative or definitive radiotherapy, different end
points were defined for the OnkoFit | and OnkoFit Il trials.
Additionally, thetime pointsfor assessment vary. |n the OnkoFit
[l trial, the end point will be assessed 6 months after the end of
radiotherapy and therefore later than in the OnkoFit | trial (the
assessment will be conducted at 3 months), since patients
receiving preoperative radiotherapy may dill be in
reconvalescence from surgery 3 months after the end of
radiotherapy.

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

Hauth et d

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

Conclusion

Therandomized OnkoFit | and I1 trialswill investigate aunique
approach to conducting a patient-executed fitness program
during and after radiation therapy. In these trials, activity
trackers will be used to improve HRQoL ; reduce the severity
of treatment side effects, including CRF; and improve the
preoperative health status of patients. The findings of thesetrias
will help to further our knowledge on combining exercise
therapy with radiation treatment that focuses on the patient point
of view.
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Abstract

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

Objective: The aim of this study is to describe a research protocol to investigate the effect of a newly developed iCBT stress
management program adopting Al technologies on improving depression among healthy workers during the COV1D-19 pandemic.

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

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

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

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

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

(JIMIR Res Protoc 2021;10(9):€30305) doi:10.2196/30305
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Introduction

Background

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

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

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

Concerning the target population of interventions, interventions
that focus on high-risk or symptomatic populations (selective
and indicated interventions) often yielded greater effects than
a universal intervention [14]. For instance, among web-based
psychological interventions in the workplace, the effect sizes
of web-based psychological interventions were larger for
indicated interventions than for wuniversal prevention
interventions (Hedges g=0.52 and 0.25, respectively) [8].
However, the reduction in symptoms may last for a shorter
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duration for selective and indicated interventions compared to
universal interventions [15]. Universal interventions also have
an advantage in possessing aless stigmatizing nature than other
interventionsin the field of mental health [16]. Thus, universal
preventiveinterventions are recognized asapotentialy desirable
approach [17]. If we successfully enhance the effectiveness of
this approach, a universal prevention intervention would be a
more promising approach for the prevention of depression in
the community or workplace.

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

Objectives

To address these unresolved issues, our randomized controlled
trial (RCT) aims at investigating the effectiveness of a fully
automated machine-guided iCBT program supported by artificial
intelligence (Al) technologies, caled “SMART-CBT,” for
subthreshold symptoms of depression (the primary outcome)
at 3- and 6-month follow-ups and for secondary outcomes
(psychological distress, fear of COVID-19, and sick leave days
at 3- and 6-month follow-ups, and major depressive episodes
[MDES] over a12-month period) compared to treatment as usual
(TAU). Participants will be healthy workers selected from the
general working population (universal prevention). We
hypothesi ze that this fully automated machine-guided program
will improve the symptoms of depression compared with the
control group, with an equal or greater effect sizeasin previous
guided web-based psychological interventions at the 6-month
follow-up (0.16-0.25) [8,18] in the total sample (universal
prevention). We will also investigate the effect on depression
among participants with subthreshold depression (indicated
intervention).

Methods

Trial Design

The study will be a nonblinded, parallel, two-arm RCT with a
single intervention group that will receive the SMART-CBT
intervention and a control group that will receive TAU. The
allocation ratio of the intervention group to the control group
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is1to 1. Participants will be randomly allocated to either the
intervention group or the control group after they have
completed a baseline online questionnaire. Follow-up surveys
will be conducted at 3, 6, and 12 months after the baseline
measurement, using online questionnaires. The study protocol
has been registered at the UMIN Clinical Trials Registry
(UMIN-CTR; ID UMIN000043897). This protocol manuscript
has been reported according to the SPIRIT (Standard Protocol
Items: Recommendations for Interventional Trials) guideline
checklist [19].

Participants

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

Procedure

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

https://www.researchprotocol s.org/2021/9/e30305

Kawakami et al

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

Intervention

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

on cognitive behavioral therapy (SMART-CBT).

Module number  Module theme

Lecture (number of webpages)

Exercise (applied computational technol ogies)

Module 1 Thestressmodel and itscom-
ponents

Module 2 The caseformulation with the
five-part model of CBT?

Module 3 Behavior activation and relax-
ation

Module 4 Cognitive restructuring: (1)
awareness of the association
between thoughts and mood

Module 5 Cognitive restructuring: (2)
changing mood by balanced
thinking

Module 6 Problem solving skills

Module COVID- Coping with stress due to

19 (accessible COVID-19

anytime)

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

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

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

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

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

Psychological theory of problem solving;
problemsfinding and problems shaping;
listing possible solutions; and review of
the outcome of an implemented solution
and improve the solution (eight pages)

Stressdueto COVID-19 outbresks; intro-
duction of stressmanagement techniques
(behavioral activation and cognitive re-
structuring); keeping ahedlthy lifestyle;
and seeking help if needed (four pages)

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

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

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

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

deep learning)

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

N/AP

N/A

8CBT: cognitive behavioral therapy.

BNI/A: not applicable; no exerciseis available for the module.

Modules

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

Lectures

Each lecture is text-based, consisting of six to seven pages
including basic information about atopic, guided by adialogue
among a psychology counselor, a healthy employee asaclient,
and an Al avatar, Mr Smart, representing the system. No audio
or video lecture is used. These lectures were devel oped based
on our previous iCBT stress management program [18]. The
lecture in the COVID-19 module consists of four pages
providing information about stress profiles and lifestyle changes
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during the COV1D-19 pandemic, and introduces basic skillsfor
improving mental health and coping with stress due to the
COVID-19 pandemic, including the possible usefulness of
CBT-based approaches included in other modules of the
program [28], a healthy lifestyle, and help seeking [29,30].

Exercises

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

Module 1 Exercise

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

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

M odule 2 Exercise

For Module 2, which talks about the CBT case formulation,
two sequential exercises have been prepared to inform
participants about how to list each of the components of the
five-part CBT model (event, thought, mood, behavior, and
physica symptoms) [20]. In the first exercise, a case of an
employee experiencing a stressful event at work is introduced.
A participant isasked to classify 10 predetermined wordsrelated
to the condition of this person into the most appropriate group
for the four remaining components. The answer will be
automatically scored (0-10 points), and he/she will be presented
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with another word, also with the correct answers. The participant
will be encouraged to repeat this exercise until he/she scores 8
points or higher. In the second exercise, participants will be
asked to fill in their own words for five boxes corresponding
to the five components. Participants may do this based on their
past experience or based on the case presented in the previous
exercise. Once a participant completesthe task, hisher responses
will be automatically scored by an algorithm devel oped interms
of the accuracy of his/her responses.

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

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

M odule 3 Exercise

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

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

https://www.researchprotocol s.org/2021/9/e30305
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Module 4 Exercise

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

Module 5 Exercise

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

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

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

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

I ntervention Group

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

Control Group

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

Outcomes

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

Outcome Measure Baseline (T1) 3-month follow-up ~ 6-month follow-up ~ 12-month follow-up
(T2 (T3) (T4)
Primary outcome
Depression BDI-I12 Yes Yes Yes No
Secondary outcomes
Psychological distress Ke6° Yes Yes Yes No
COVID-19 fear Fear of COVID-19  Yes Yes Yes No
Scale
The total number of sickness ~ An original item Yes Yes Yes No
absence days in the past 3
months
Yes No Yes Yes

MINI@ depression
section: self-report

Major depressive episodes®

3BDI-I1: Beck Depression Inventory I1.
bk 6: Kessler psychological distress scale.

“While major depressive episodes will be measured at 6- and 12-month follow-ups, the information will be combined to create a variable for major

depressive episodes during the 12-month follow-up.
dMINI: Mini-International Neuropsychiatric Interview.

Primary Outcomes

The primary outcomes of the study are depression and
psychological distressat 3- and 6-month follow-ups. Depression
will be measured with the Japanese version of Beck Depression
Inventory 1l (BDI-I1) [46,47], a 21-item self-report inventory
of depressive symptoms in the past 2 weeks, with each item to
be scored from 0 to 3. The total scale score will be calculated
and used as ameasure of the severity of depressive symptoms.

Secondary Outcomes

The secondary outcomesinclude psychological distress, fear of
COVID-19, sickness absence daysat 3- and 6-month follow-ups,
and MDEs at the 12-month follow-up. Psychological distress
will be measured with the Japanese version of Kesdler's
psychological distress scale (K6) [48,49], a six-item scale of
psychological distress (depression and anxiety) in the past 30
days, with aresponse option range from 0 (none of thetime) to
4 (al of the time). The total scale score will be used as an
indicator of the degree of psychological distress. Fear of
COVID-19 will be measured with the Japanese version of the
Fear of COVID-19 Scale (FCV-19S) [50,51], which is a
seven-item scale to measure fear reactions to the COVID-19
infection. Each item is rated on a 5-point scale (1-5), and the
total score (7-35) will be used as the measure of the degree of
fear of COVID-19. Sickness absence daysin the past 3 months
will be measured using thefollowing single-item question [37]:
“How many days did you miss an entire work day because of
problems with your health during the past 3 months? (please
include only days missed for issues with your own health, not
someone else’s health.).” The presence of a MDE will be
measured with aself-report scale devel oped based on the MINI
[52] according to the Diagnostic and Statistical Manual of
Mental Disorders-5 criteria[53]. The same set of nine questions
from the MDE section of the MINI will be used to assess
whether a participant has had a MDE in the past 12 months,
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followed by questions on the onset and the most recent timethe
participant has had symptoms of a MDE in the past 12 months.
The sensitivity and specificity of thisinstrument for the clinical
diagnosis of major depression were reported as 0.86 and 0.67,
respectively, in asample of psychiatric outpatients (n=31) ina
pilot study. The self-report MINI for MDEs will be measured
at 6- and 12-month follow-ups, aswell as at baseline. Combining
participants’ responses to these two follow-up surveys, any
MDE reported after baseline and the timing of onset (number
of months since baseline) will be used as the MDE outcome
during the 12-month follow-up period.

Process Evaluation

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

Implementation Outcomes

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

Demographic and Other Characteristics

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

Sample Size Calculation

Therequired sample sizewas calculated for one of the outcome
variables, ie, depressive symptoms assessed by BDI-I1. Previous
meta-analyses of web-based universal prevention psychological
interventions for improving depression and anxiety in the
workplace yielded a summary effect size of 0.25 [8]; our
previous study of a guided universal prevention iCBT program
among workers reported a smaller effect size on depression
(d=0.16) at a6-month follow-up [18]. To detect aminimal effect
sizeof 0.15 at an aphaof .05 and apower of 0.80, the estimated
sample size is 699 participants in each group. The statistical
power was cal culated using the G* Power 3 program [54].

Randomization

Participants who meet the inclusion criteria will be randomly
allocated to theintervention or control group, aswell asstratified
into two groups based on BDI-11 scoresat baseline (=14 or <14)
[46]. An independent biostatistician will generate a stratified
permuted block random table by using SAS (SAS Institute Inc).
The stratified permuted-block random table will be password
protected and blinded to the researchers, and sent to the CRC
by an independent research assistant. The assignment will be
conducted by the CRC.

Statistical M ethods

Effectiveness of the I ntervention

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

Subgroup Analysis

The effectiveness of the program may be greater for participants
with depression at baseline. We will conduct similar mixed
model analyses for the effectiveness of the program among a
subgroup of symptoms of depression at baseline (withaBDI-11
score of =14; indicated prevention).
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Data Monitoring

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

Ethical Considerations

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

Data Confidentiality

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

Results

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

Discussion

Strength of the Study

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

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

[57].

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

Dissemination of the Findings

A fully automated machine-guided iCBT program requires|ess
involvement of mental health specialists such as psychol ogists.
It can be provided at a low cost in a low-resource setting in
which trained practitioners are seldom available. Thus, the
present fully automated machine-guided iCBT program has a
lot of potentia for dissemination as a practical tool for the
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prevention of depression in small- and middle-sized enterprises,
and also in the workplace in low- and middle-income countries
that do not have a well-organized training system for CBT
counselors. Once we find the machine-guided iCBT sufficiently
effective, it will contribute to the dissemination of a stress
management program to alarge number of workersto improve
depression online at a low cost in the COVID-19 era where
close social contact is limited.

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

Limitations

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

Conclusion

Thisisthe first study to investigate the effectiveness of afully
automated machine-guided iCBT program applying Al
technologiesfor theimprovement of the symptoms of depression
among workers, using an RCT design. The study will explore
the potential of the machine-guided stress management program
that can be disseminated online to a large number of workers
with minimal cost in the post—-COVID-19 era.
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Abstract

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

Objective: Thisproject aimsto test theimpact of an innovative healthy relationshipsintervention, called About Us, implemented
in school-based health centers (SBHCs) in Californiain arandomized controlled trial.

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

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

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

Background and Rationale

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

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

Focusing on romantic relationships aligns with developmental
science underscoring the importance of relationships in
adolescence. Because of continued disparities in sexualy
transmitted infections (ST1) and unintended pregnanciesin the
United States, there remains a need for addressing pregnancy
and disease prevention. Among adolescents aged 15 to 19 years,
the teen birth rate declined 7% from 2017 to 2018, from 18.8
to 17.4 births per 1000; however, the teen birth rate remained
approximately twice as high for Hispanic and Black teens
compared to non-Hispanic White teens [9]. Additionally, 75%
of teen pregnancies are unintended [10,11]. Further, rural
counties observe higher teen birth rates compared to urban and
suburban areas[12]. Very few evidence-based program models
addressing sexua risk have been developed and tested with
targeted populations, such as Hispanic adolescents or those
residing in more rural areas[13,14].

https://www.researchprotocol s.org/2021/9/€30499

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

Most existing evidence-based programs (EBPs) for adolescents
are delivered in community-based settings or schools (eg,
Making Proud Choices; Reducing the Risk) [17,18]. A few are
delivered through health clinics (eg, Seventeen Days) [19], but
noneto our knowledge have been devel oped and tested expressly
for implementation via school-based health centers (SBHCs).
SBHCs are clinics initially created in response to adolescent
health needs that operate on or near school campuses and
provide a range of age-appropriate health-related services to
adolescents. Today, most SBHCs aso offer a comprehensive
array of services, including primary care, mental health services,
and health education. In most high school SBHCs, reproductive
health isacore service[20]. As SBHCs become more common
acrossthe United States, therole SBHCsplay in prevention and
health promotion interventions will aso grow in
importance[21]. SBHCs are uniquely positioned, both
physically and philosophically, to reach young people. SBHCs'
location on or near a school campus offers easy accessto large
groups of adolescents. More importantly, however, SBHCs
focus on building trust and meeting young people “where they
are” developmentally. Thus, SBHCs offer aunique opportunity
to deliver hedlth interventionsthat integrate prevention education
and clinical care[20].

This original paper outlines the rigorous evaluation of About
Us, aninnovative healthy relationshipsintervention implemented
in SBHCs to reduce the prevalence of unprotected sex and
promote stronger relationships among adolescents facing
disparitiesin sexua health outcomes.

Intervention

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

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

The program also draws on dual-process theories to address
socioemotional well-being and cognitive influences on sexual
decision-making [24]. For example, in alesson on correct and
consistent condom use, the program addresses adolescents
explicit intentions to use a condom during sexua intercourse
and has them explore which circumstances might precipitate
their decision to have sexual intercourse without condoms,
prompting them to recognize and navigate these experiencesto
avoid condomless sex. Finally, the program draws from social
cognitive theory [25], both in terms of key constructs in skill
acquisition, such as building self-efficacy or confidenceinone's
ability to perform abehavior and shaping the process of learning
through observational learning or modeling during instruction.
Bandura [25] posited that self-efficacy isinfluenced in 4 ways:
mastery experiences (successful completion of atask), modeling
(observing otherssimilar to oneself perform atask successfully),
social persuasion (information from othersthat one can perform
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a task successfully), and physiologica arousal states
(information from one's physiological state, such as anxiety).
The program draws on these strategies in the skills-based
sessions to maximize its impact on self-efficacy. For example,
to apply the concept of mastery experiences, the program
includes role-play exercises in which adolescents practice in
context (small groups and online) and receive feedback on their
use of the skills.

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

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

Participants assigned to the treatment group attended group
ons at the designated space. Health educators followed up
with students who missed a session to engage them and remind
them of the next session. Participants assigned to the treatment
group received a US $30 incentive if they attended 6 or more
ons.
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Table 1. About Usintervention components.
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Component Amount, duration, andintend-  Content Who delivers Setting

ed dosage
Group-based ses- 10 (2 prelessonsand 8regular Characteristics of healthy and ~ Trained health educatorsfrom  During school (students
sions lessons) over 4-9 weeks for a  unhealthy relationships, commu-  the school-based health centers.  pulled out of classto come

Online work dur-

total of 10 hours of program-
ming.

Approximately 15 minutesin

nication skills (having difficult
conversations, such as sexual
consent, sexual boundaries, and
condoms; using “1” statements);
personal and sexual boundaries
and sexua consent; condom and
contraceptive use; influences on
sexual decisionsin relationships;
ending relationships.

Same as above; online activities

Trained health educators from

to the health center or other
agreed-upon space on the
school campus).

Same as above.

ing regular each regular lesson; students  allow for thereview and applica-  the school-based health centers
group-based ses- are able to revisit content tion of key conceptsand the per-  will prompt and support students
sions from prior lessons outside of ~ sonalization of content for each  using thetabletsand the applica-
group sessionsduringtheim-  lesson. tion during the group sessions.
plementation period.
Parent/other 2 homework activities. Brief conversation-based home-  Trained health educators “ as- These were assigned during
adult-adol escent work activities focused on sign” homework activitiesaspart the program implementa-
homework healthy relationship valuesand  of the group-based sessions; tion, but the setting for
influencesrelated to sexua expec- adolescents are asked to bring ~ completion was out of
tations in relationships. back asign-off sheet acknowledg-  school.
ing they completed the activity,
which will be included in the
implementation log.
Study Objectives service use or information receipt in the past 3 months, and

Theoverall goal of thisproject isto test theimpact of the About
Us blended learning healthy relationships intervention,
implemented in SBHCsin arandomized controlled trial (RCT),
on reducing unintended pregnancies and STI in adolescents
facing disparitiesin sexual health outcomes.

Resear ch Questions and Hypotheses

1. During the 9 months following the end of the program,
what is the impact of About Us relative to the standard of
care on the prevalence of vagina or ana sex without
condoms in the past 3 months? We hypothesize that at the
final follow-up, the prevalence of self-reported unprotected
vaginal or anal sexual intercourse (ie, without condoms) in
the past 3 months will be lower among adolescents in the
intervention group than students in the control group.

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

https://www.researchprotocol s.org/2021/9/€30499

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

Methods

Study Design Overview

This study is a 7-site, 2-group, paralel RCT with a treatment
versus control allocation ratio of 3:2, assessing the impact of
the About Us program relative to the standard of care among
adolescents aged 14 to 18 years. Figure 1 summarizes study
screening, eligibility assessments, enrollment, randomization,
and follow-up results.
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Figure 1. CONSORT diagram for the About Us evaluation (as of October 2020).
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Primary analysis sample (n = 318)

Study Funding and Ethics Approval

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

Study Setting

This project wasimplemented in 7 SBHCsin rural or suburban
communities throughout California with large Hispanic
populations. The California School-Based Health Alliance
(CSHA) assisted the About Us project team in recruiting
participating sites and supporting the clinic screening process
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used as part of assessing eligibility. The CSHA supports the
entire network of SBHCsin California.

Eligibility Criteria

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

Recruitment

Power Analyses

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

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

Screening

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

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

Consent and Assent Process

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

For students whose parents provided study consent and met the
screening criteria, site liaisons compiled an eligibility log with
the following data: student’s last name, first name, and middle
initial; student ID (optional); student’s sex assigned at birth;
student’s reported gender identity; the number of screening
criteriamet (selected from adropdown menu); school (selected
from a dropdown menu); agency (selected from a dropdown
menu); whether students have a sibling or step-sibling at the
school; and whether that sibling participated in About Usin the
past (criterion for exclusion). Evaluation data collectors (EDCs)
used this log onsite to determine which students were fully
eligible for the assent process.
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The study’s EDCs administered the study assent process on the
day of the baseline survey administration at a given site. At the
time of assent, prospective participants of consenting parents
who met al the other eligibility criteria and agreed to study
participation were enrolled in the study.

Baseline Data Collection

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

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

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

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

Randomization

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

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

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

Follow-up Data Collection

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

Textbox 1. Behavioral outcomes used for the primary research question.
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device via the Qualtrics Offline Surveys application and in the
presence of an EDC. For any adolescents who transferred or
were absent, a follow-up contact protocol was used to locate
and provide an opportunity to completethe survey. Specifically,
using contact data provided by the adolescent at the baseline or
3-month survey, EDCs would undertake a series of contacts
through email, text message, cell phone calls, home phone calls,
and/or social mediamessaging, sending the adolescent aunique
link to the follow-up survey. Adolescents received a US $10
incentive for each survey completed up to the end of March
2020.

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

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

M easures

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

grantees) [36].

Sourceitem(s):

butt.

Constructed measure:

months, O if they did not, or missing otherwise.

anal sex without a condom in the past 3 months.

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

Outcome name: Condomless vaginal or anal sex in the past 3 months (core measures for Personal Responsibility Education Innovative Strategies

«  When you had vaginal sex in the past 3 months, how often did you or a partner use acondom? Vaginal sex iswhen apenisisput in avagina.

«  When you had anal sex in the past 3 months, how often did you or a partner use a condom? Anal sex iswhen apenisis put in arectum, ass, or

«  Original response optionsfor vaginal or anal sex include 1 (all of thetime), 2 (some of the time), or 3 (none of the time).

«  Construct a single, dichotomous outcome coded as 1 if the respondent indicated they had vaginal or anal sex without a condom in the past 3

«  Toberecoded into asingle dichotomousvariable (vaginal or anal sex) with response optionsasfollows: O=all of thetime (1), aswell as participants
who reported not having vaginal or anal sex in the past 3 months; 1=some (2) or none of the time (3); and (?)=missing response for vaginal or

Data Cleaning

Phase |

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

https://www.researchprotocol s.org/2021/9/€30499

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

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

Phasell

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

Phaselll

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

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

Primary Outcome

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

Secondary Outcomes

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

Generalities of Statistical Analysis M ethods

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

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

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

Assessment of Baseline Equivalence

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

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

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

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

Preliminary Data Analysis

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

Textbox 2. Covariates included in impact analyses.
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outcomeswill include examining evidence of construct validity
and reliability. Construct validity refers to the degree to which
an instrument or measure assesses the underlying theoretical
construct it is supposed to measure (ie, the test is measuring
what it is purported to measure). This will be examined via
confirmatory factor analysis for score-based outcomes.
Reliability refers to the degree of interrelationship or
homogeneity among question items on a test (questionnaire),
such that they are consistent with one another and measure the
same construct; thiswill be examined by generating an internal
consistency index—Cronbach’s apha for our score-based
outcomes.

Statistical Analysis Models

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

Age (years): baseline date to DOB (continuous variable).
Sex: sex assigned at birth; 1=male, 2=femal e (dichotomous variable).

School: high schools 1 to 7.

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

Race and ethnicity: White, Black, Hispanic, other (categorical variable).
Number of days between baseline and the follow-up survey (3 or 9 months): follow-up date to baseline date (continuous variable).

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

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

https://www.researchprotocol s.org/2021/9/€30499

Presentation of Continuous Outcomes

Least squares (LS) means, corresponding SEs, 95% 2-sided
Cls, and 2-tailed P valueswill be presented for the within-group
(ie, intervention and control) outcome measures. For each
between-group, the differencein LS means, corresponding SE,
2-sided 95% Cl, and 2-tailed P value will aso be derived from
the linear regression model and presented. Standard model
diagnostics will be performed to assess the validity of the
proposed model. These diagnostics will include examining the
residuals for normality and homoscedasticity aswell astesting
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for the significance of the intervention by baseline outcome
interaction terms.

Presentation of Categorical Outcomes

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

Handling Missing Data
Our general approach to missing data will involve taking

advantage of all observed information while not exaggerating
the precision of findings based on incomplete data [41,42].

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

Multivariate imputation by chained equations [44] methods
using PROC M1 and MIANALY ZE proceduresin SASwill be
used to create multiple imputations (replacement values) for
multivariate missing data (eg, continuous, binary, unordered
categorical, and ordered categorical data) based on a fully
conditional specification [45], where each incomplete variable
is imputed by a separate model [46]. All missingness
(nonresponse, program attrition, or study lossto follow-up) will
be treated the same way for our benchmark analysis. Additional
analyses (see Sensitivity Analysis) will be explored where
reasonsfor program attrition are accounted for in the generation
of imputed covariate and outcome values. All variables (ie,
outcome and baseline characteristics) described in the above
analysismodelswill be used for theimputation procedures. The
number of data setsto beimputed will be determined using the
guadratic rule recommended by von Hippel [47]. In addition to
the baseline value of the outcome of interest, age, race and
ethnicity, the sex assigned at birth, and the number of screening
experience factors (1 or 2; ie, adolescents had either exposure
to violence or a prior or current experience with a romantic
relationship or both), and time (days) between baseline and
3-month or 9-month follow-up will be included in our final
analysis models (ie, linear and logistic regression).
Sensitivity Analysis

In addition to the benchmark analyses described above (3-month
and 9-month follow-up examined separately), two types of
analyses (ie, complete case analysis—no imputation for missing
data—and modified ITT withimputed data) will beimplemented
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using procedures similar to the benchmark analyses (linear and
logistic regression models). The robustness of the inferential
findingswill be assessed by comparing differencesin analytical
findings across the three types of analyses (ITT with imputed
data, complete case analysis, and modified ITT).

Results

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

Discussion

Support for the Intervention

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

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

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

Limitations

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

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

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

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

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

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

Objective:  This protocol outlines the study design for implementing the Artificial Intelligence for Diabetes Management
(A14DM) intervention. The protocol will assess the feasibility, acceptability, and preliminary efficacy of the AI4ADM telehealth
platform for people with disabilities.

Methods: The Al4DM study is a 2-arm randomized controlled trial for evaluating the delivery of a 12-month intervention,
whichwill involve telecoaching, diabetes educational content, and technology access, to 90 individual swith diabetes and physical
disahilities. The hypothesisis that this pilot project isfeasible and acceptable for adults with permanently impaired mobility and
type 2 diabetes. We also hypothesize that adultsin the AI4DM intervention groupswill have significantly better glycemic control
(glycated hemoglobin) and psychosocial and psychological measures than the attention control group at the 3-, 6-, and 12-month
follow-ups.

Results: The Al4DM study was approved by the university’s institutional review board, and recruitment and enrollment will
begin in October 2021.

Conclusions: The Al4DM study will improve our understanding of the feasibility and efficacy of a web-based diabetes
self-management program for people with disabilities. The AI4DM intervention has the potential to become a scalable and novel
method for successfully managing type 2 diabetes in people with disabilities.

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

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

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

Background

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

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

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

Diabetes education is essential for the treatment and
management of diseases. Better education and knowledge can
reduce the risk of developing diabetes complications while
reducing morbidity and mortality. However, based on the 2014
Behavioral Risk Factor Surveillance System data, 47.3% of
adults with disabilities did not receive diabetes education, and
10.86% did not visit health professionalsfor diabetesin the past
year. This problem hasbeen amplified by racial minorities. Low
health literacy (LHL) is another major problem among people
with disabilities [20,21]. Similarly, older adults, people with
less than a high school degree, racial and ethnic minorities,
people with low-income levels, and nonnative speakers of
English aremost likely to experience LHL [22]. Approximately
80 million adultsin the United States are estimated to have LHL
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[23]. People with LHL are more prone to low diabetes
knowledge levels [24-27] and limited glycemic control [26],
resulting from unhealthy dietary habits, low PA levels, poor
medication adherence, and poor blood glucose monitoring
[23-27]. People with low literacy skills are not illiterate;
however, using plain language is necessary to improve their
health literacy and make written and oral information easier to
understand [22]. Improving health literacy among participants
with LHL would be beneficial for the education, treatment, and
management of chronic diseases.

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

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

Objectives

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

We hypothesize that the clinical outcome (HbA,.) associated
with type 2 diabetes mellitus (T2DM) self-management and
self-efficacy outcomeswould have agreater effect inthe A14DM
intervention arm than in the attention control arm at the 3-, 6-,
and 12-month foll ow-ups. We & so hypothesize that the AI4DM
intervention isfeasible and acceptable for adults with permanent
impaired mobility and T2DM, their caregivers, and health
coaches and that thefidelity of the program will be maintained.
A fidelity monitoring protocol was developed by the research
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team for the AlI4DM study based on the five domains
recommended by the National Institutes of Health Behavior
Change Consortium [34].

Methods

Overview

The AlI4DM study is a 2-arm randomized controlled trial.
Eligible participants will be randomly assigned to one of two

Table 1. Research design.
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groups: (1) the A14DM intervention group with telecoaching
support and (2) the attention control group. The active
intervention will include 6 months of telecoaching followed by
6 months of follow-up and access to the technology but with
no telecoaching calls (Table 1). For the study, 4 weeks is
considered a month, thereby making the study duration 48
weeks. Study activities involving participants with disabilities
will be primarily conducted on the web nationally in the United
States.

Group Enrollment (weeks Pretest (weeks  \weeks 4-152 A14DMP intervention Posttest (weeks
1-2) 2-3) 52-53)
Weeks 16-272 Weeks 28-51
Al4DM intervention ¢ O Weekly callsand tech- Biweekly callsand Only technology 0O
nology access technology access access
Attention control O O Weekly courtesy calls  Biweekly courtesy No technology ac- 0
cals cess

3Follow-up data collected at the end of weeks 15 and 27 aswell (for both arms of the study).

BAI14DM: Artificial Intel ligence for Diabetes Management.
Cstudy activity present.

Explanation for Choice of Comparators

The Al4DM intervention is designed to evaluate the feasibility
and preliminary efficacy of a web-based diabetes
self-management program for people with disabilities.
Participants will either be assigned to the intervention group,
whichincludestel ehealth coaching calls, atechnology package,
and access to diabetes educational content, or an attention
control group, which will receive the same number of
telecoaching calls at the same frequency as the intervention
group. These calls generally serve as courtesy calls or general
wellness calls.

Eligibility Criteria

Eligible participants must meet thefollowinginclusion criteria
(1) adiagnosis of T2DM; (2) an HbA . level of 28%; (3) an
age of 18-65 years; (4) individuals living with a permanent
physical disability such as spinal cord injury, spina bifida,
multiple sclerosis, or stroke and (5) the ahility to speak and read

English. To screen for permanently impaired mobility, the
NHANES Physical Functioning Survey [35] will be used.

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

The total study duration for both groups is 12 months. The
protocol includes both groups receiving weekly health coaching
calls weekly for 12 weeks, and one biweekly coaching call
(every other week) for 12 weeks, for atotal of 18 coaching calls.
The intervention group, Al14DM, will receive access to home
and web-based technology and diabetes-specific educational
content through a telehealth app. The attention control group
will serve as an untreated comparison group for the A14DM
intervention group. Both groups will also receive 4 HbA ;. kits

for glucose data collection.

Study Survey Packets

After enrolling in the study, participants will automatically be
emailed a Health Insurance Portability and Accountability Act
(HIPAA)—compliant Research Electronic Data Capture
(REDCap) link to asurvey packet. REDCap isasecure program
developed by a collaboration between Vanderbilt University
and the National Institutes of Health Nationa Center for
Research Resources that manages and stores clinical trial data.
This survey packet included a demographic survey and the
secondary outcome measureslisted in Table 2. Participantswill
be asked to complete this survey packet 4 times during the
12-month study period (excluding the demographicsin thefirst
survey packet). The timepoints included baseline, 3 months, 6
months, and postintervention (12 months).
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Table 2. Measures of efficacy.
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Variables Instruments Time points
Glycemic management HbA 1.2 (clinical and primary outcome) BP3Cedp®
Psychological distress Diabetes Distress Scale B, 3,6, P
Quiality of life Diabetes Quality of Life Measure B, 3,6 P
Self-efficacy Diabetes Empowerment Scale B, 3,6, P
Family support Diabetes Family Behavior Scale B, 3,6 P
Physicd activity Godin |eisure-time exercise questionnaire B, 3,6, P
Dietary intake The UK Diabetes and Diet Questionnaire B,3,6 P
Medication adherence Medication Adherence Rating Scale B, 3,6, P
Telehealth dashboard usability System Usability Scale & Health Information Technology Usability Evaluation Scale 3,6,P
Health information technology The eHealth Literacy Scale B, 3,6, P

Medication and dosage

Instruments for controlling medi cation and dosage during the analysis of theclinical outcome B, 3, 6, P

8HbA ¢ glycated hemoglobin.
bB: pasaline.

€3: 3-month follow-up.

d6: 6-month follow-up.

€p: 12-month post—follow-up.

Welcome Call

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

HbA,. Kits

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

Randomization

A randomization sequence will be generated and stored within
REDCap, which automatically assigns a participant to the
Al4DM intervention group or the attention control group.
Randomization will only occur after the baseline survey packet
and baseline HbA . kit are completed.

Orientation Call

After randomization, astudy health coach will be notified from
REDCap that a participant has been randomized to one of the
study arms and will conduct an orientation call with the
participant. The purpose of this call isto introduce themselves
to the participantsastheir primary health coach and to schedule
thefirst weekly coaching call. Thefirst weekly call, regardless
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of the study arm assignment, will be scheduled for the next
calendar week.

I ntervention Package

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

Al4DM Intervention Group Coaching Calls (First 12
Weeks)

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

Al4DM Intervention Group Coaching Calls (Second
12 Weeks)

Biweekly coaching calls during the following 12 weeks will
cover nutrition and eating habits, exercise and PA, glucose
monitoring, medication adherence, general well-being, and
Partnership to Improve Diabetes Education content, as needed.

Attention Control Group Coaching Call

The coaching content for the attention control group will refrain
from any diabetes-specific content; rather, the health coach will
only focus on general well-being. Thiswill apply to al phone
calls during weekly and biweekly coaching calls.

Exit Interviews

After the study duration, up to 30 participants from the AI4DM
intervention group will be contacted for a follow-up interview
to obtain their experiences and feedback with the Al4DM
telehealth platform. Theseinterviewswill be conducted virtually.

Outcome M easures

Primary and secondary outcome measures will be assessed at
baseline, 3 months, 6 months, and postintervention (12 months).
The primary clinical outcome measure is HbA;. with the

secondary outcome measures described in Table 2.
Data Collection M ethods

HbA . Collection

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

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

Psychological Distress

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

Quality of Life

Participantswill complete the Diabetes Quality of Life Measure,
which is a 15-item questionnaire asking about perceptions of
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one’s ability to manage their diabetes in conjunction with other
life areas [39].

Self-efficacy

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

Family Support

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

Physical Activity

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

Dietary I ntake

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

Medication Adherence

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

Health Information Technology Literacy

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

Telehealth Dashboard Usability

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

Medication and Dosage

Participants will be asked to provide current medications and
dosages throughout the study duration to control medication
data during the statistical analysis.
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Feasibility M easures

This study will obtain measures related to the feasibility and
acceptability of the AI4DM intervention on diabetes
self-management. Measures will include process, resource,
scientific, and management feasibility outcomes. All elements
of intervention delivery will be collected, including but not
limited to adherence, retention, attrition, coach and participant
communication needs, staff preparation, and adverse events.
Obtaining these measures will inform future considerationsin
the delivery of aweb-based diabetes self-management program
for people with disabilities.

Participant Timeline

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

Sample Size

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

Recruitment

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

Allocation

Participants will be randomized to the two study armsina1l:1
alocation ratio using a computer-generated randomization
procedure. The allocation sequence will be implemented after
the baseline surveys, and the baseline HbA ;. kit has been
completed by the participant. The computer-generated
randomization process will be implemented in REDCap after
the data from the baseline surveys and HbA . kit are entered
into the REDCap database. This will trigger the allocation
procedure to randomly assign participants to one of the two
study arms. The health coach will be notified about the
randomization through the telecoaching dashboard and will
inform the participants about their randomization into the
Al4DM intervention or the attention control arm during the
orientation call.

Blinding (M asking)

The principal investigator and primary statistician will be
blinded to the randomization of the participants into the study
arms. All other study staff will be unblinded for purposes of
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recruitment, consent, orientation calls, welcome calls, coaching
cals, and intervention package shipping. There are no
circumstancesin which the principal investigator or statistician
will become unblinded during this protocol.

Data M anagement

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

Statistical M ethods

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

dosage during the intervention period.

Data Monitoring

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

Harms

The Al4DM study will monitor all adverse events. Adverse
events will be assessed for severity and causality and will be
reported to the institutional review board and &l other relevant
regulatory bodies as needed.

Auditing

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

All proposed elements of this protocol will be approved by the
university’s ingtitutional review board before beginning the
study.

Protocol Amendments

Any changes deemed necessary by the principal investigator
will be submitted as amendmentsto the university’sinstitutional
review board and will only make changes after approval.

Consent or Assent

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

Confidentiality

Personal information will be collected in this study. All personal
information shared, such as demographic details, will be
collected and stored through HIPA A-compliant REDCap. Only
approved study staff will have accessto securely stored personal
information. All information will be subject to the university’s
institutional review board and the policies of affiliated entities
surrounding confidentiality.
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There are no declarations of interests for all study staff for this
protocol.

Ancillary and Posttrial Care

This is not applicable. No provisions for posttrial care are
included in the study.

Dissemination Policy

Theresults of this study will be disseminated publicly through
publicationsin peer-reviewed journals and presented at regional
and national conferences.

Appendices: Biological Specimens

Blood sampleswill be collected for HbA ;. analysisat 4 different
time points (baseline, 3-month, 6-month, and 12-month). The
laboratory testing service will be responsible for mailing,
receiving, and processing completed HbA,. kits. The study
personnel will not interact or have access to blood samples at
the testing laboratory.
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Results

The Al4DM protocol has been approved by the university’s
institutional review board and has been registered at
Clinical Trials.gov (trial number: NCT04927377). The mHealth
app (dashboard and educational content) and landing website
are currently under development by the study technical support
team, and research personnel are developing the database
(REDCap) that will store dataand communication mechanisms
(ie, emails and text notifications). We estimate that enrollment
for the study will begin in October 2021.

Discussion

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

As multiple barriers exist that would hinder a person’s ability
to successfully manage diabetes, AI4DM seeks to create a
sustainable, scalable, accessible, and inclusive diabetes
management program for people with disabilities, which
currently does not exist. This study will examinethe feasibility
and preliminary efficacy of Al4DM for glycemic control
(HbA ) for peoplewith disabilities using mobile and web-based
apps, telehealth coaching sessions, and diabetes-related
educational multimedia content. The AI4DM study will also
focus on quality-of-life measures during the intervention and
will include qualitative interviews following the intervention
to provide a holistic evaluation of the intervention program as
aviablemode of diabetesmanagement. Next, to reduce barriers
experienced by people with disabilities, the AI4DM program
will be conducted completely on the web with al coaching
sessions taking place over the telephone, thereby alowing all
participants to manage their diabetes in a home environment.
Finaly, the results of this feasibility study will inform how
web-based chronic disease management programs can be
improved for future studies.
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Abstract

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

Objective:  The aim of this study is to outline all the intervention fidelity strategies and procedures of a telecoaching
intervention—artificial intelligence for diabetes management (A14DM)—which is arandomized controlled trial to evaluate the
feasibility, acceptability, and preliminary efficacy of atelehealth platform in adults with type 2 diabetes and permanent impaired
mobility. AI4DM aims to create a web-based disability-inclusive diabetes self-management program. We selected the National
Ingtitutes of Health Behavior Change Consortium (NIH BCC) fidelity framework to describe strategies to ensure intervention
fidelity in our research.

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

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

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

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

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

Background

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

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

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

Importance of Reporting Fidelity

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

https://www.researchprotocol s.org/2021/9/€31695

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

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

Considering the importance of developing and using treatment
fidelity in behaviora change interventions, we aim to describe
and report the fidelity protocol for the AlI4DM study. AlI4DM
combines mHealth technologies with telecoaching sessions to
create the first-ever web-based diabetes self-management
program for people with disabilities. The fidelity protocol was
developed to address the five domains of intervention fidelity
outlined by the NIH BCC. Considering the complexity of our
intervention design, the development and use of the fidelity
protocol isessential to document our fidelity measuresto present
more consistent and reproducible research.

Methods

Overview of the Study and the I ntervention Fidelity
Protaocol

Thisproject aimsto develop and assess atelehealth framework,
Al4DM, pared with inclusive diabetes self-management
content. AI4DM is grounded in the socia cognitive theory
(SCT) [18] and is designed to serve as a support system and
communication platform among health coaches, participants
with disabilities and their caregivers, and health care providers.
Al4DM consists of (1) a telecoaching dashboard, (2) a
participant-specific mHeath app, (3) a caregiver-specific
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mHealth app, and (4) a conversational agent, Amazon Echo
(Amazon).

At the center of Al4DM, there is an Al-embedded coaching
dashboard. Thisdashboard will assist health coachesin offering
consistent and personalized health coaching for participants.
The Al engine will be connected to a commercial ingredient
and recipe database and use a food recommendation engine to
offer personalized nutrition tips that take into account a given
participant’s recommended diet, the participants’ and caregivers
cuisine preferences, time and food availability, financial
limitations, cooking skills (accessibility), and other preferences
and limitations. The Al engine will also feature a rule-based
expert system to offer personalized PA recommendations based
on the participants physical conditions, environmental
conditions, and preferences. All datagenerated by the Al engine
will be delivered to the participants and their caregivers after
approval and tailoring from health coaches. The delivery of
information to participants and caregivers will be enabled
through multiple channels—smartphones (mHealth apps),
conversational agents (eg, Amazon Echo), and telecoaching
phone calls—thereby enhancing accessibility to theinformation.
The design and educational content of mHealth apps will be
tailored and inclusive of people with all forms of disabilities.
Collectively, these Al-assisted and user-centered design features
will reduce the time and effort required by health coaches and
promote sustained use of the intervention by participants,
eventually enabling self-management.

The primary aim of Al4DM is to evaluate the feasibility (ie,
process, resource, management, and scientific feasibility),

Table 1. Theresearch design.

Zengul et a

acceptability (based on surveysand interviewswith participants,
their caregivers, and health coaches), and preliminary efficacy
of Al4DM in adults with type 2 DM (T2DM) and permanent
impaired mobility. We will use a randomized controlled pilot
study design in which 90 adults with T2DM and permanent
impaired mobility will be randomized to the Al4DM
intervention arm or an attention control arm. The entire
recruitment will be conducted nationally, on the web, through
the National Center on Health, Physical Activity, and Disability
website, associated social media, and ResearchMatch website.
Theinclusion criteriawere asfollows: (1) diagnosis of T2DM;
(2) glycated hemoglobin >8%,; (3) 18 to 65 years of age; (4)
living with a permanent physical disability such asaspinal cord
injury, spina bifida, multiple sclerosis, or stroke; (5) can speak
and read English; and (6) availability of a smartphone. This
study was approved by the institutional review board, and all
screened participants provided informed consent before
enrollment.

For theintervention, each participant will be randomly assigned
to one of two treatment conditions: (1) Al4DM intervention
with telecoaching support and (2) attention control. We planned
an active (coach contact) intervention period of 24 weeks (6
months) with 18 coaching calls during that period, followed by
apassive period of 24 weeks (6 months) with only technology
access to see if self-management behaviors were sustained.
Table 1 presents the study design. For further information on
the methodsfor the parent study, see the research protocol paper
[19].

Group Enrollment; Pretest; weeks A |4DM®intervention Posttest; weeks
weeks 1-2 2-3 52-53
Weeks 4-15° Weeks 16-27° Weeks 28-51
Intervention 0e O Weekly callsand Biweekly callsandtechnol-  Only technology [
technology access ogy access access
Attention control O O Weekly courtesy calls Biweekly courtesy calls ~ No technology O

with no technology

access

with no technology access access

3A14DM: artificia intelligence for diabetes mellitus.

bFollow-up data collected at the end of weeks 15 and 27 as well (for both arms of the study).

CStudy activity present.

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

https://www.researchprotocol s.org/2021/9/€31695

Study Design

Overview

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

JMIR Res Protoc 2021 | vol. 10 | iss. 9 |e31695 | p.84
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Zengul et al

Textbox 1. Fidelity of study design and monitoring plan.

Goal
. Intervention will be congruent with presented theory and practice
« Equal treatment dose will be given within and across conditions

«  Addressing implementation setbacks

Description from the National I nstitutes of Health Behavior Change Consortium
«  Operationalize treatment to optimally reflect theoretical roots; precisely define variables most relevant to “active ingredients’ of the intervention

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

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

Fidelity monitoring plan for artificial intelligence for diabetes mellitus

«  Monthly review of coaching call checklist and call logs
e Quarterly review of randomly selected coaching calls

o Quarterly review of content resource bank

«  Team meetings to discuss participant progress and protocol adherence

« Review of telecoaching platform and its event log

« Review of adverse event log

Ensure That the Procedures and | mplementation Are
Congruent With the Presented Theory and Clinical
Practices

Al4DM is grounded in the SCT view that self-management is
not under the compl ete control of an individual but rather occurs
in the context of a larger socia environment involving the
individual [18]. Thus, Al4DM systematically focuses on
improving social support (friend and family support for PA
participation), self-efficacy (confidence in one's ability to be
physically active in various situations), outcome expectancies
for PA, and self-regulation (exercise goal setting) to understand
how theintervention is effective will be systematically targeted
through both the features of the app and the content used for in
the app and telecoaching. The participant’s app dashboard will
focus on the actions the participant needs to take, such as
completing blood glucose logging and nutrition logging, whereas
the content will be grounded in the SCT [18].

Ensure That Participants Receive an Equal Dose of the
Treatments

Theattention control group will be used to provide an untreated
comparison for the AI4DM intervention group and will receive
phone calls from the telecoach at the same frequency as the
intervention group. These courtesy calls are devised to ensure
that both groups received the same amount of attention from
the tel ecoach, thereby not influencing or inflating the effect size
for future research. Thus, both groups will receive one weekly
call for 12 weeks and one biweekly call for the next week. The
Al4DM intervention and attention control groups will be
exposed to the same data collection measures and protocols.

https://www.researchprotocol s.org/2021/9/€31695

Ensure That All Procedures Would Address Possible
Setbacksin I mplementation

We will collect evidence on reporting and handling constraints
of adverse events, serious adverse events, and clinicd
emergencies, as well as participant experiences, burdens, and
compliance during the assessment experience and intervention.
Assessment experiencewill be documented through parti cipant
salf-reports of time to complete the baselineintake. Intervention
experiencewill be documented by having participants self-report
parameters of coaching sessionsin participant logs and through
an evaluation of staff logs.

Provider Training

The project team of the study has the appropriate experience
and training needed for the successful completion of all the
proposed activities. We have assembled a multidisciplinary
team of academic, technical, and programmatic professionals
that are uniquely positioned with the necessary technical,
disability, diabetes, PA, nutrition, behavior change, content
development, and coaching-related skillsand knowledge. During
the intervention, health coaches will be formally trained in a
PA-, nutrition-, or nursing-related health profession and pay
specia attention to regular blood sugar monitoring, setting
nutrition goals, and PA goalsinweekly calls (up to 60 minutes).
The dashboard in the developed platform will assist health
coachesin offering consistent and personalized health coaching
for participants. The Behavior Change Consortium recommends
four strategies to monitor and improve provider training: (1)
standardize training, (2) ensure provider skill acquisition, (3)
minimizedriftin provider skills, and (4) accommodate provider
differences. Textbox 2 outlines the fidelity of the provider or
health coach training strategies and the monitoring plan for
Al4DM.
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Textbox 2. Fidelity of health coach training strategies.

Goal

.  Standardized training

«  Ensure provider skill acquisition

e Minimize“drift” in provider skills

«  Accommodate provider differences

Description from the National Institutes of Health Behavior Change Consortium
«  Training must be conducted similarly for al providers

«  Train providersto well-defined performance criteria

«  Ensure provider skills do not decay over time

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

Strategies used in artificial intelligence for diabetes mellitus

«  Thecoacheswill receive American Council on Exercise health coaching training
« Review of coaching calls checklists and call logs

«  Recording coaching calls

o Quarterly review of random selection of calls

«  Team meetings to discuss participant progress and protocol adherence

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

Delivery of Treatment

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

Textbox 3. Fidelity of intervention delivery strategies.

Goal

«  Control for provider differences

«  Reduce differences within treatment

«  Ensure adherence to treatment protocol

«  Minimize contamination between treatments

Description from the National Institutes of Health Behavior Change Consortium

«  Monitor and control for subjects’ perceptions of nonspecific treatment effects (eg, warmth and credibility) across conditions
«  Ensurethat providersin the same condition are delivering the same intervention

«  Ensurethat the treatments are being delivered in the way in which they were conceived with regard to content and dose

«  Minimize contamination

Strategies used in artificial intelligence for diabetes mellitus

«  Coaching call checklists and call logs

o Random audit of audio recording of coaching calls

« Review of randomly selected coaching sessions

« Having different supervisors to evaluate the content and coaching sessions
«  Team meetings to discuss participant progress and protocol adherence

« Review of telecoaching platform and its event log
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Control for Provider Differences

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

Reduce Differences Within Treatment Groups

Al4DM, as a telecoaching platform, uses an artificia
engine—embedded telecoaching dashboard to promote the
fidelity of coaching sessions and reduce the workload required
to personalize telecoaching. The dashboard will assist the coach
in effectively preparing for and conducting calls and acting as
a proxy for the participants self-management activities if
needed. While using a scripted intervention protocol and detailed
coaching manuals to reduce human error, we will also use
standard materials and resources schedul ed for each week based
on the PRIDE (Partnership to Improve Diabetes Education)
toolkit that has 30 comprehensive interactive education modules
[21].

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

Ensure Adherence to Treatment Protocols

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

https://www.researchprotocol s.org/2021/9/€31695
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improve adherence to the intervention protocols. Call logs will
includeinformation regarding the calls made, attempted, missed,
and voicemails. Scheduled calls and summary notes will aso
be recorded in theselogs. Coaching call checklists areintended
to remind health coaches to prepare for scheduled content
delivery. The call logs and coaching checklists will be audited
monthly. Moreover, adetailed scripted missed call protocol will
be provided for health coachesto follow.

Minimize Contamination Between Conditions

Upon randomi zation, participantswill be assigned to either the
attention control arm or the intervention arm. The coaches will
be provided with a scripted protocol for both groups. The
coaches will be given standardized training and supplied with
the PRIDE manual. Thereview of recorded phone callsand the
trackable progress of the participants on the platform will act
as amonitoring step to detect contamination.

Receipt of Treatment

The success of an intervention depends on its clarity and
applicability. Receipt of treatment strategy focuses on the
participant’s ability to understand the given content and perform
the related behaviora activities during the intervention. The
structure of A14DM was created according to the three goals
that NIH BCC suggests: (1) ensure participant comprehension,
(2) ensure participant ability to use cognitive skills, and (3)
ensure participants' ability to perform behavioral skills[14].

Al4DM is developed for people with disabilitieswho are more
prone to experiencing low health literacy (LHL) [22,23].
Similarly, older adults, people with less than a high school
degree, racia and ethnic minorities, people with low-income
levels, and nonnative speakers of English are most likely to
experience LHL [24]. Using plain language is necessary to
improve health literacy and make written and oral information
easier to understand [24]. Improving health literacy among
participants with LHL would be beneficial for the education,
treatment, and management of chronic diseases. Therefore, all
contents of the AI4DM were designed to target the reading level
of fifth grade or below (Textbox 4).

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

«  Ensure participant ability to perform behavioral skills

Strategies used in artificial intelligence for diabetes mellitus
«  Target reading level of fifth grade or below for the content

« Review of recorded coaching sessions

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

Description from the National I nstitutes of Health Behavior Change Consortium
«  Ensurethat participants understand the information provided by the intervention
«  Make sure that participants are able to use the cognitive skills taught in the intervention

«  Make sure that participants are able to use behaviora skills taught in the intervention

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

«  Team meetings to discuss participant progress and protocol adherence

Enactment of Treatment Skills

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

Textbox 5. Fidelity of enactment of treatment strategies.

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

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

Goal
«  Ensure participant use of cognitive skills

«  Ensure participant use of behavioral skills

Description from the National Institutes of Health Behavior Change Consortium
«  Ensurethat participants actually use the cognitive skills provided in the intervention in appropriate life settings

«  Ensurethat participants actually use the behavioral skills provided in the intervention in appropriate life settings

Strategiesused in artificial intelligence for diabetes mellitus

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

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

«  Team meetings to discuss participant progress and protocol adherence

«  Review of coaching notes

https://www.researchprotocol s.org/2021/9/€31695
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Results

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

Discussion

Treatment fidelity refers to strategies for monitoring and
enhancing the consistency and accuracy of an intervention.
Reporting treatment fidelity isan essential component to ensure
that the intervention is implemented as planned [14,27]. A
behavior changeintervention must be consistently administered
throughout the trial to obtain valid conclusions from the study.
Maintaining high intervention fidelity would provide valuable
information on the feasibility of the intervention in real-world
settings. It can help to minimize experimenter bias and the
reactivity of observations by ensuring that any changes observed
during an intervention reflect the subject’s behavior only
[28,29]. This paper ams to present an overview of the
intervention protocol for an ongoing randomized controlled trial
that aims to develop and assess a telehealth platform, A14DM,
paired with inclusive diabetes sel f-management content. AI4DM
isgrounded in the SCT [18] and will be designed to serve as a
support system and communication platform between health
coaches, participantswith disabilities, and health care providers.

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

Following the NIH BCC framework, we generated detailed
protocols regarding the design, training, delivery, receipt, and
enactment components for the management and implementation
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of our program. One of the challenges that we encountered was
using different platforms to manage and monitor the fidelity of
the intervention. Comprehensive protocols that use both an
Al-assisted tel ecoaching platform and a data management tool,
that is, REDCap, to manage and deliver the intervention. To
prevent potential setbacks in the implementation of the
intervention and increase the applicability of the procedures,
we collaborated with our tech team before finalizing our
protocols. Thus, we expected no drastic changes in the fidelity
processes during the intervention.

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

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

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

Objective: Thisstudy aimsto adapt the Australian FMW websitefor aUK cancer care context and then undertake asingle-blinded,
randomized controlled trial of FMW UK against a treatment-as-usual waitlist control.

Methods: To an extent, our trial design replicates the existing Australian randomized controlled trial of FMW. Following a
comprehensive adaptation of the web resource, we will recruit 294 participants (147 per study arm) from across clinical sitesin
North West England and North Wales. Participants will have been diagnosed with cancer of any type in the last 6 months, have
received anticancer treatment with curative intent, be aged =16 years, be proficient in English, and have access to the internet
and an active email address. Participantswill beidentified and recruited through the National Institute for Health Research clinical
research network. Measures of distress, quality of life, and health economic outcomes will be collected using a self-report
web-based questionnaire at baseline, midtreatment, posttreatment, and both 3- and 6-month follow-up. Quantitative datawill be

https://www.researchprotocol s.org/2021/9/e31976 JMIR Res Protoc 2021 | vol. 10 | iss. 9 |€31976 | p.93
(page number not for citation purposes)


mailto:n.hulbertwilliams@chester.ac.uk
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Hulbert-Williams et a
analyzed using intention-to-treat mixed model repeated measures analysis. Embedded semistructured qualitative interviews will
probe engagement with, and experiences of using, FMW UK and suggestions for future improvements.

Results. The website adaptation work was completed in January 2021. A panel of cancer survivors and health care professionals
provided feedback on the test version of FMW UK. Feedback was positive overall, although minor updates were made to website
navigation, inclusivity, terminology, and the wording of the Improving Communication and Sexuality and Intimacy content.

Recruitment for the clinical trial commenced in April 2021. We aim to report on findings from mid-2023.

Conclusions:

Replication studies are an important aspect of the scientific process, particularly in psychological and clinical

trial literature, especially in different geographical settings. Before replicating the FMW trial in the UK setting, content updating
was required. If FMW UK now replicates Australian findings, we will have identified a novel and cost-effective method of
psychosocial care delivery for cancer survivors in the United Kingdom.

Trial Registration:
https.//www.isrctn.com/ISRCTN 14317248

International Registered Report Identifier (IRRID):

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

International Standard Randomized Controlled Trial Number (ISRCTN)

14317248,

DERR1-10.2196/31976

KEYWORDS

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

Introduction

Background

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

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

https://www.researchprotocols.org/2021/9/€31976

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

psychology [14].

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

Objective

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

Methods

Trial Design

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

All aspects of study design and governance are planned to
involve the expert voices of people affected by cancer as active
partnersin theresearch study. The University of Chester hosted
the study with scrutiny provided by a trial steering group
comprising grant coapplicants (including a cancer survivor
coapplicant), the local research team, apatient, a caregiver, and
a health care professional stakeholder representative. The
steering group meets twice per year, with a smaller project
management group meeting bimonthly to provide operational
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oversight. The funder peer-review report is presented in
Multimedia Appendix 1.

TheFMW UK Intervention

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

Contextual Adaptation

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

Video Content

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

Although much of the content of the cancer survivor testimonial
videos was applicable to a UK-based cohort, we produced a
new set of videos with cancer survivors from the United
Kingdom to maximizethe extent to which our participantswould
connect and affiliate with the stories and experiences shared.
Using our existing networks, advocacy groups, and
advertisements placed on social media, we recruited nine cancer
survivors from across North Wales and the North West of
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England (Table 1) and undertook individual video-recorded
interviews with each, between August and September 2020.
Survivorswere selected to maximizethe diversity of interviews,
both demographically and with regard to cancer experiences.
Video interviews were unscripted but followed a standard

Hulbert-Williams et d

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

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

Name? Gender Age (years) Cancer type Time from diagnosis (years)
Janet Female 64 Bowel 3

Martin Male 66 Prostate >10

SueM Female 56 Breast 6

Dylan Mae 47 Bladder 2

Terry Male 74 Lung >10

SueH Female 61 Breast 4

Bernadette Female 52 Breast 1

Sophie Female 24 Burkitt lymphoma 4

Babz Male 31 Non-Hodgkin lymphoma >10

8Parti cipants were given the choice to use their actual names or pseudonyms.

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

Question schedule

your medical treatment team?

you had that you would not have had if you did not have cancer?

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

1.  What issuescame up for you after diagnosis (and during treatment) in terms of making decisions about treatment, or when discussing thingswith

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

Some people find that many of their roles change during treatment, and that they aren’t able to do the tasks and activities they usually do, which

* then affects the way they feel about themselves. During treatment, how did your roles change and how did this affect you?
5. During treatment, what was your most pressing social need? What surprised you?

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

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

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

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

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

11.

Some people say that having cancer gave them an opportunity to learn something new about life or themselves. What isthe onelearning experience

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

Evidence Review

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

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

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

« Inclusion of morerecent referencesin relation to theimpact
of dyadic influences on adjustment between patients and
their partners [33] and in relation to the benefits of
information on distresslevel sin close others of people being
treated for cancer [34].

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

Web Hosting and User Testing

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

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

Participants

Sample Size Calculation

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

https://www.researchprotocols.org/2021/9/€31976

Hulbert-Williams et d

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

Recruitment and Eligibility Criteria

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

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

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

Procedure

After reading information provided by the CRN RNs, patients
wishing to take part in the study can access our study recruitment
websiteviaalink intheir information pack. Thisprovidesafull
trial information sheet and access to aweb-based consent form.
Once their consent is submitted, participants are redirected
immediately to the baseline survey via the Qualtrics survey
platform (Qualtrics). Participantsa so will receive an automated
email with a link to complete the baseline questionnaire at a
later date or in a number of sittings if they prefer. Upon full
completion of the baseline questionnaire, an unblinded member
of the research team will complete the study arm allocation
using a computerized randomization allocation system using
REDCap software (Vanderbilt University) [36]. The
randomization algorithm was set up to ensure equal numbers
of participants in both the intervention and control arms,
stratified by cancer diagnosis to ensure the spread of patients
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across both trial arms. The randomization system was set up  existing local and national sources of psychosocial support that
and is overseen by the Liverpool Clinical Trials Centre. they can access as part of treatment as usual (control group;
Following allocation, participants are either emailed account  Figure 1). Control participants also have the option to receive
details to access the FMW UK website (intervention group) or  a hard copy of the information pack viathe post.

sent a PDF copy of a site-specific information pack listing

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

Eligibility screening Detailed screening
Undertaken by NIHR CRM Research Nurses at each hospital site logs sent to
research team on
] fortnightly basis

Patient approach
MIHR CBM Research Murses provide trial information pack

Informed consent
Interested patients complete online consent form

I Baseline data collection |

Copy logged in
clinical record

I Randomization |
Wait-list control Intervention
Participants sent an information folder including Participants are registered on the FMW UK Website
details of regionally tailored psychosocial support and provided with immediate access (new modules
available as part of usual treatment are released on a weekly basis)

Engagement check
—{ Participants receive a one week reminder if they
have not yet accessed the FMW UK Website

Mid-point data collection (end of Week 3 post-allocation)

|__1 Self-help compliance scale is completed after
release of the sixth core module

Post-intervention data collection (end of Week 6 post-allocation)

Booster module is released one-month after
completion of main program

I Follow-up data collection (3 months after completion of post-intervention questionnaire) |

I Follow-up data collection (6 months after completion of post-intervention questionnaire) |

I Debrief sheet emailed to all participants

Wait-list control Intervention
Registered on the FMW UK Website and given Advised that they can continue accessing the
unlimited access until the end of the study FMW UK Website until the end of the study

Clinical data extraction
Undertaken by NIHR CRN Research Nurses

Embedded qualitative study
Stratified sample approached once all trial
procedures are completed

Those given immediate accessto FMW UK are encouragedto  to the intervention modules (if no preference is given,
log inwithin oneweek, study theinstruction materialsprovided, participants receive in default numerical order). A reminder
and select the order in which they would like to receive access  (text or phone, as preferred) isthen sent if they have not logged
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in during this time. Modules are then automatically released
once per week; access to the booster module is also released
one month after completion of the main program. Regular
automated email reminders are sent asnew modules are rel eased
each week.

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

Table 2. Schedule of questionnaire administration.

Hulbert-Williams et d

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

M easures

Study Outcomes

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

Variable Baselineassesss Midpoint assess-  Beginning of End of Finding  3-monthfol- 6-month fol-
ment ment sixth module My Way UK low-up low-up

Demographic characteristics 0

Cancer-specific distress (Post-Traumatic [ ad O O O

Stress Scale)

Psychologica well-being (Depression, d g g g ad

Anxiety, and Stress Scales 21-item ver-

sion)

Quality of life (QLQ-C30°) O 0 0 0 0

Psychological adjustment to cancer (the [ g 0 g ad

Psychological Impact of Cancer Scale)

Health care use (the UK Cancer Costs O g 0 g ad

Questionnaire)

Perceived socia support (the Medical O

Outcome Study Social Support Survey)

Emotion regulation (Difficultiesin Emo- [

tion Regulation Scale)

Information-seeking preferences (the O

Miller Behavioral Style Scale)

Psychologica flexibility (the CompACT [ g 0 ad ad

Questionnaire)

Engagement with intervention (Self-Help O

Compliance Scale)

A ssessment performed.

bQL Q-C30: European Organisation for Research and Treatment of Cancer Quality of Life Core Questionnaire.
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Primary Outcome

Theprimary trial outcome variable was cancer-specific distress.
For this variable, we will use the Post-Traumatic Stress Scale
[39], a 17-item measure in which participants respond on a
4-point Likert scale, where responses are anchored from 0 (not
at all or only onetime) to 3 (5 or moretimes per week or almost
always). The Post-Traumatic Stress Scale is associated with
excellent internal consistency reliability (a=.91) [39] and has
good concurrent validity, including strong positive correlations
with other measures of trauma-related intrusion and avoidance,
anxiety, and depression [39]. Higher scores on the
Post-Traumatic Stress Scale indicate a greater severity of
cancer-specific distress.

Secondary Outcomes

Psychological Well-being

The Depression, Anxiety, and Stress Scales, 21-item version
[40] is a short measure of negative emotions experienced over
the course of the past week for the individual. Each item is
scored on a4-point Likert scale, anchored from O (did not apply
tomeat all) to 3 (applied to me very much or most of the time).
Total scores for each subscale of the Depression, Anxiety, and
Stress Scales, 21-item version can be calculated, where higher
scoresindicate greater levels of depression, anxiety, and stress.
The scale has good interna reliability (depression, a=.91;
anxiety, a=.81; stress, 0=.89), and concurrent vaidity, including
strong positive correlations with other measures of depressive
symptoms and anxiety [40].

Quality of Life

The European Organisation for Research and Treatment of
Cancer Quality of Life Core Questionnaire (QLQ-C30) [41] is
a 30-item quality of life assessment for cancer patients, which
yieldsaglobal quality of life score and five functional subscale
scores associated with physical, emotional, socia, role, and
cognitive quality of lifedomains. Intotal, 28 items are presented
on a4-point Likert scale ranging from 1 (not at all) to 4 (very
much). The final two items assessing subjective assessment of
overall health and quality of life are presented on a 7-point
Likert scale anchored from 1 (very poor) to 7 (excellent). The
global score for the QLQ-C30 is associated with good internal
consistency reliability (a=.86) and has good concurrent validity,
with both global quality of life and domain subscales
significantly positively correlated with performance status
throughout treatment [41]. A higher global score on the
QLQ-C30 indicates a greater quality of life. The QLQ-C30
score can be converted into an indication of Quality-Adjusted
Life Yearsfor use in health economic analysis.

Psychological | mpact of Cancer

The Psychological Impact of Cancer Scale [37] is a 12-item
self-report measure of psychological adjustment to cancer. Each
item is presented on a 4-point Likert scale anchored from 1
(definitely does not apply to me) to 4 (definitely applied to me).
The Psychological Impact of Cancer Scale yieldsfour subscale
scores. cognitive distress, cognitive avoidance, emotional
distress, and fighting spirit. Greater scores on each subscale
indicate greater levels of the named construct (eg, a greater
score on the Cognitive Distress subscaleindicates greater levels
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of cognitive distress). The fighting spirit subscale will not be
included because of underlying psychometric property issues
[37]; the remaining three scales have reasonable internal
consistency reliability (a=.62) and good concurrent validity
with longer measures of psychological adjustment to cancer

[37].
The UK Cancer Costs Questionnaire

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

Potential | ntervention Moderator or Mediators

Rationale for Moderator and Mediator Analyses

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

Per ceived Social Support

TheMedical Outcome Study (MOS) Socia Support survey [44]
is a 20-item measure, with items presented as a 5-point Likert
scale anchored from 1 (none of the time) to 5 (all of the time).
The MOS Socia Support Survey yields four subscale scores:
emotional or informational support, tangible support,
affectionate support, and positive socia interactions. Each
subscale is associated with excellent internal consistency
reliability (0>.91) [44]. The MOS Social Support Survey is
associated with good convergent validity with measures of
family ties, family functioning, and mental health, and good
divergent validity with measures of purely physical health [44].
Higher scores on individual subscales and the overall support
index indicate greater social support.

Emotion Regulation

The Difficulties in Emotion Regulation Scale [45] is a 36-item
self-report measure of six dimensions of emotion regulation
difficulties: lack of awareness of emotional responses, lack of
clarity of emotional responses, nonacceptance of emotional
responses, limited access to emotion regulation strategies
perceived as effective, difficulties controlling impulses when
experiencing negative emotions, and difficulties engaging in
goal-directed behaviors when experiencing negative emotions.
Each item is scored on a 5-point Likert scale ranging from 1
(almost never) to 5 (almost always). The global difficultiesin
emotional regulation scaleis associated with excellent internal
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consistency reliability (0=.93), and each subscale is associated
with good internal consistency reliability (0>.80) [45]. The
Difficultiesin Emotion Regulation Scaleis associated with good
construct validity and predictive validity [45]. Higher scores
on the Difficultiesin Emotion Regulation Scaleindicate greater
problems with emotion regul ation.

I nfor mation-Seeking Preferences

The Miller Behavioral Style Scale [46] isaself-report measure
of information-seeking preferences. The scale identifies
individual preferencesfor seeking threat-related cues (monitors)
versus seeking distraction to minimize exposureto threat-related
cues (blunters). The scal e prompts participants to imagine four
stressful scenarios, each of which isfollowed by eight statements
that describe different ways of coping with the stressor.
Participants are asked to select al the statements that apply to
them. The Miller Behavioral Style Scaleisassociated with good
test-retest reliability over a4-month period (monitoring subscale
r=0.72; blunting subscale r=0.75) and high construct validity,
asindicated by high correspondence with information-seeking
behavior in astress-inducing laboratory task [46]. Higher scores
ontheMiller Behavioral Style Scaleindicate greater tendencies
for monitoring information-seeking preference, rather than
blunting information-seeking preference.

Self-help Compliance

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

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

Psychological Flexibility

The CompACT [48] is a 23-item self-report measure of
psychological flexibility, allowing the calculation of subscale
scoresfor (1) opennessto experience, (2) behavioral awvareness,
and (3) valued action. Each itemis presented on a7-point Likert
scale ranging from 0 (strongly disagree) to 6 (strongly agree).
The CompACT has adequate internal consistency reliability
(average interitem correlation, r=0.34), good convergent
validity, and good discriminant validity [48]. Higher scores on
CompACT indicate greater psychological flexibility.

Embedded Qualitative I nterviews

We will purposively recruit 20-30 participants from the
intervention group (ensuring arange of age, gender, cancer type,
and website engagement) to participate in a semistructured
interview 2-4 weeks after trial completion. Semistructured
interviews will be used to allow flexibility in the focus of
interviews for each participant [49], in-depth probing of
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individuals experiences using the FMW UK website, and
factors that affect acceptability and engagement. Participants
willing to take part in this embedded study will be offered the
option to complete the interview in person (either at the
university or in their own home) or viatelephone or video call,
provided the chosen interview mode adheresto any government
and workplace COVID-19-related social distancing rules at the
time. Any travel cost will be reimbursed. Our interview topic
guidewill probefor participants' frequency of website use and,
if applicable, reasons for low use, overall evaluation and
perceived usefulness of the FMW program, and any suggestions
for improvement, which are important components of
acceptability and will be used to inform both refinements of the
intervention materials and any planning for implementation
after the trial is complete. All qualitative interviews will be
audio-recorded and transcribed verbatim for later analysis.

Analysis

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

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

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

Data Sharing Plan

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

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

Monitoring of Adverse Events

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

Ethical Approval and Trial Registration

Ethical review was sought from the University of Chester
Department of Psychology Ethics Committee to trigger
agreement from the university to act as study sponsor. Full
approval was obtained from the NHS Research Ethics
Committee (reference: 21/WA/0029), leading to the approval
of the Health Research Authority, followed by site-specific
research governance approvals at each site. As one of our sites
isin Wales, professional Welsh trandlations of study information
are being provided for use at that site, in accordance with the
Welsh Language Act (1993) [52]. The trial was registered on
the ISRCTN (International Standard Randomized Controlled
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Trial Number; reference: ISRCTN14317248; date registered
08/04/2021). We have established a trial profile on the Open
Science Framework (DOl 10.17605/0OSF.IO/ZSHBQ; date
registered: May 18, 2021) to facilitate the later sharing of data.
The trial was designed in accordance with the principles for
medical research involving human subjects, aslaid down in the
World Medical Association Declaration of Helsinki.

Results

The grant for thistrial was awarded by the North West Cancer
Research in September 2019. The project commenced in April
2020, but theinitial progresswas slower than expected because
of theimpact of the COVID-19 pandemic on health researchin
the United Kingdom [53].

User Testing of the Adapted FMW Program

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

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

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

«  Somenavigational issueswere a so highlighted, with some
links not working and others navigating to the wrong page.

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

«  Thelinked content was reprogrammed to launch in a new
tab to prevent users from becoming lost in the underlying
web architecture.

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

Third, some aspects of terminol ogy were perceived as outdated
(eg, taking the telephone off the hook) and were thus replaced
(eg, turning your mobile off). Similarly, recommendations for
meeting new people and maintaining social support were
updated to reflect the drive toward social mediaover traditional
media. Some minor changes were made to the language used
to refer to different types of 