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Abstract

Background: To address the need for long-term, accessible, nonpharmacologic interventions targeting sleep in patients with
chronic hematological cancer, we propose the first randomized controlled trial to determine the effects of a consumer-based
mobile meditation app, Calm, on sleep disturbance in this popul ation.

Objective: Thisstudy aimsto test the efficacy of daily meditation delivered via Calm compared with a health education podcast
control group inimproving the primary outcome of self-reported sleep disturbance, aswell as secondary sleep outcomes, including
sleep impairment and sleep efficiency; test the efficacy of daily meditation delivered via Calm compared with a health education
podcast control group on inflammatory markers, fatigue, and emotional distress; and explore free-living use during a 12-week
follow-up period and the sustained effects of Calm in patients with chronic hematological cancer.

Methods: 1n adouble-blinded randomized controlled trial, we will recruit 276 patients with chronic hematological cancer to
an 8-week app-based wellnessintervention—the active, daily, app-based meditation intervention or the health education podcast
app control group, followed by a 12-week follow-up period. Participants will be asked to use their assigned app for at least 10
minutes per day during the 8-week intervention period; complete web-based surveys assessing self-reported sleep disturbance,
fatigue, and emotional distress at baseline, 8 weeks, and 20 weeks, complete sleep diaries and wear an actigraphy device during
the 8-week intervention period and at 20 weeks; and complete blood draws to assess inflammatory markers (tumor necrosis
factor-a, interleukin-6, interleukin-8, and C-reactive protein) at baseline, 8 weeks, and 20 weeks.

Results: This project was funded by the National Institutes of Health National Cancer Institute (RO1CA262041). The projects
began in April 2022, and study recruitment is scheduled to begin in October 2022, with atotal project duration of 5 years. We
anticipate that we will be able to achieve our enrollment goal of 276 patients with chronic hematological cancers within the
allotted project time frame.

Conclusions: This research will contribute to broader public health efforts by providing researchers and clinicians with an
evidence-based commercial product to improve sleep in the long term in an underserved and understudied cancer population with
ahigh incidence of sleep disturbance.
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Introduction

Symptom Burden and Sleep Distur bance Among
Patients With Chronic Hematological Cancer

Hematological cancers, agroup of cancer subtypesthat include
blood- and lymph-related disorders, account for 11% of all
cancer diagnosesin the United States[1], with an estimated 1.9
million patients with hematological cancer currently living in
the United States [1]. New noncurative therapies have led to
improved survival for many hematological cancers; however,
these maintenance medicines|eave patientsin astate of chronic
disease. Approximately 60% of chronic hematological cancers,
which include chronic leukemias (chronic lymphocytic and
chronic myelogenous leukemia), low-grade lymphomas
(follicular lymphomas), myeloma, myelodysplastic syndrome,
and myeloproliferative neoplasms (MPNs), are incurable and
typically follow unpredictable remitting-relapsing pathways
associated with varying needs for treatment, which may be
distressing for patients [2]; thus, these patients have distinct
needsfrom those of patientswith solid tumors (eg, breast cancer)
[3]. Patients with chronic hematological cancers experience
ongoing disease-induced symptoms that are frequently not
resolved by medica therapy and chronic maintenance
therapy-associated toxicities. This chronic symptom burden (eg,
deep disturbance, inflammation, fatigue, and emotional distress)
persistsinto survivorship and re-emerges over time, despite the
best available pharmacological therapy [1].

In particular, sleep disturbance (eg, difficulty falling asleep,
difficulty staying asleep, nonrestorative sleep, or insomnia
disorder) [4] is highly prevalent among patients with chronic
hematological cancer [5]. Across studies, 50% to 80% of patients
with hematological cancer have reported sleep disturbance[6-8].
Findings for the treatment of sleep disturbance in other highly
studied cancer populations, such as breast cancer, may not be
generalizable to patients with chronic hematological cancer,
given their unique needs and disease course [9,10]. Thereisa
pressing need for evidence-based, accessible treatments to
improve deep specifically in patientswith chronic hematol ogical
cancers.

In addition, in patients with chronic hematological cancer, sleep
disturbance is a predictor of increased inflammatory cytokine
levels [10,11]; increased fatigue [10]; and poorer emotional
functioning or emotional distress [10], including depressive
symptoms [10]. In both noncancer and solid tumor cancer
populations, sleep disturbance increases inflammation through
persistent activation of the hypothalamic-pituitary-adrenal axis,
which can, in turn, induce glucocorticoid resistance in immune
cells, ultimately leading to a state of chronically elevated
proinflammatory cytokines [12]. Sleep disturbance has also

https://www.researchprotocol s.org/2022/7/€39007

been shown to induce fatigue [13,14] and emotional distress
[15-17]. Thejoint occurrence of sleep disturbance, fatigue, and
emotional distressisreferred to as symptom clustering [18] or
grouping of interrelated symptoms. Such clusters have been
shown to have a negative impact on patient survival [14,19].
These factors are also known to interact in complex ways,
potentially |eading to negative feedback |oopsthat further affect
symptom clustering (eg, as inflammation increases, further
decrementsin sleep and fatigue may be observed) [20].

Current Approachesto Addressing Sleep Distur bance

Medications are the most commonly prescribed trestment for
patients with cancer experiencing sleep disturbances; however,
to date, there isinsufficient evidence to conclude that they are
truly effective, particularly when considering long-term
treatment of sleep problems[4,21]. In addition, medication may
exacerbate symptoms associated with chronic hematological
cancer, such asincreased severity of insomnia, fatigue, and pain
[22]. Potential deleterious side effects, along with the poor
long-term success of pharmacological treatment for managing
deep disturbance, may outweigh any potential effectivenessfor
improving sleep and related quality of life in patients with
chronic hematological cancer, indicating aneed for alternative,
safe, and effective sleep management strategies.

Nonpharmacologic behavioral interventions are promising
strategies for treating sleep disturbance because of their (1)
limited side effects, (2) targeting of specific psychological and
behavioral factorsthat interfere with sleep, and (3) potential for
long-lasting effects[23]. Currently, cognitive behavioral therapy
for insomnia (CBT-1) is the most widely available,
evidence-based, nonpharmacological treatment strategy for
managing sleep disturbances in patients with and survivors of
cancer [24]. However, CBT-1 isintensive and time consuming
for patients, requiring freguent in-person meetings with
therapistsand physiciansat sitesor clinics[21]. Remote delivery
of CBT-1 may be an alternative approach; however, studies
assessing remotely delivered CBT-I have not been conducted
for patients with cancer [21]. Even app-based CBT-I requires
considerable effort and time to be effective [21]. Specifically,
cognitive behavioral therapy apps require both clinician
involvement and support, along with high adherence on the
patient’s side, to be effective [25]. Patients with chronic
hematological cancer need less burdensome intervention
strategies for long-term sleep management. Currently, patients
with chronic hematological cancer have limited options for
easily accessible, evidence-based treatments for sleep
disturbance, exacerbating the diminished quality of life and
resulting in poorer cancer outcomes.
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Evidence and Previous Literature Supporting
M editation

Meditation is a deep disturbance treatment strategy
recommended by the American Cancer Society and the National
Center for Complementary and I ntegrative Health. Mindfulness
meditation isthe practice of moment-to-moment awareness, in
which a person purposefully focuses on the present without
judgment [26]. Several reviews and meta-analyses have
demonstrated the positive effects of mindfulness-based
interventionsfor general deep complaintsand sleep parameters
associated with deep quality (eg, total sleep time, sleep
efficiency, and sleep onset latency) [27-29], yielding moderate
effect sizescomparablewith those of standard of caretreatments
for insomnia [28]. Individual studies have also demonstrated
effects on specific deep disorders, including insomnia [30],
narcolepsy [31], restless leg syndrome [32], and sleep apnea
[33]. Ong et d [34] suggested that meditation promotes balanced
appraisals, cognitive flexibility, equanimity, and recommitment
to values, which can, in turn, alow sleep-related arousal to
subside and normal sleep patterns to re-emerge. Shallcross et
a [27] further posited that sleep disturbance involves five
processes. (1) rumination, (2) primary arousal, (3) secondary
arousal, (4) sleep monitoring and selective attention and effort,
and (5) distorted perceptions. The core processes involved in
mindfulness (ie, experiential awareness, attentional control, and
acceptance) have the potential to target each of the 5 processes
contributing to sleep disturbance [27].

M editation al so has a dose-response rel ationshi p with reductions
in inflammation for both those with solid tumors and those
without cancer [35-37]. One review found that
mindfulness-based interventions had no effect on cytokinesin
healthy populations but improved cytokine levels in patients
with cancer [38]. Mindfulness-based interventions aid the
recovery of the immune system, and the resulting immune
changes show a shift from a carcinogenic cytokine profile to a
more normalized profile.  Meditation and other
mindfulness-based practices have improved inflammatory
biomarker levelscommon in patientswith chronic hematol ogical
cancer (eg, tumor necrosisfactor-a [TNF-a], interleukin [IL]-6
[IL-6], IL-8, and C-reactive protein [CRP]), as well as in
populations such as patients with insomnia disorder, survivors
of cancer, and older adults [39-42]. These specific cytokines
and proteins are the most common inflammatory cytokines
closely associated with chronic hematological cancer disease
progression, symptoms, and sleep disturbances across all
hematologic malignancy subtypes [11,43,44]. The calming
effects of meditation on the autonomic nervous system and the
hypothal amic-pituitary-adrenal axis may reduce
proinflammatory gene expression and signaling via the
downregulation of the proinflammatory transcription factor
necrosis factor K3 pathway [35,45].

Meditation has previously demonstrated improvementsin both
sleep disturbance and fatigue among a subset of patients with
chronic hematological cancer (MPN), with patients reporting
that their reductions in fatigue were because of better sleep
quality [46,47]. Severd other studies have established the effects
of mindfulnessinterventionsin reducing fatiguein patientswith
cancer [48-50]. For example, Ikeuchi et a [51] found that
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mindful ness affected fatigue both directly and indirectly through
anxiety, depression, pain, loneliness, and sleep disturbances.
Randomized controlled trials (RCTs) have also shown that
meditation reduces sleep disturbance by reducing emotional
distress (eg, anxiety and depression) in patients with and
survivorsof cancer [52] and reducing sleep-interfering cognitive
processes (eg, ruminating thoughts) [53,54]. Mindfulness
meditation may reduce stress, worry, intrusive thoughts, and
presleep arousal, which may, in turn, reduce sleep disturbance
[55]. In particular, patients with chronic hematological cancer
are more likely to experience such issues as their disease is
never cured.

Although the Society for Integrative Oncology Clinical Practice
Guidelines[56] suggests that meditation is a safe technique for
decreasing the burden of avariety of cancer-related symptoms
and comorbidities, few studies have investigated the effects of
mindfulness meditation on sleep disturbance, specifically in
patients with chronic hematological cancer [57]. In 2 recent
RCTs with patients with leukemia, meditation interventions
weredelivered in person in hospital settings by trained clinicians
[58,59], thereby limiting accessibility and use, especialy in
patients who were fatigued, had inflexible schedules, or had
transportation difficulties[60]. Traditional in-person meditation
programs for patients with cancer are lengthy and potentially
burdensome (eg, 30- to 60-minute sessions on a single day of
the week [58]), especially for patients with chronic
hematological cancer and high chronic symptom burden [61].
Of note, meditation studies with patients with leukemia had
short durations (only 5 weeks in length), were conducted at a
specific time during treatment and in aclinical inpatient setting
(eg, during chemotherapy treatment sessions [58] or in the
hospital [59]), and did not measure sustained practice or effects
outside of the clinic setting. Prior studies of meditationin limited
cancer settings have supported extending and testing flexible
and effective modes of delivering meditation to understudied
groups with cancer.

Maobile App Use Among Patients With Chronic
Hematological Cancer

Research further demonstrates that patients with chronic
hematological cancer are interested in smartphone apps as a
means of self-managing their health [38-40]. Asof April 2020,
there were approximately 55 mobile apps marketed to patients
with or survivors of cancer available in the Google Play and
Apple App stores, offering mostly educational content and
information for caregivers. Of these, 4 included some form of
meditation. No commercially available meditation apps for
cancer populations have been rigorously evaluated for their
feasibility, safety, or effectiveness [41,42]. A review identified
only 2 meditation studies for patients with cancer delivered via
mobile apps; both focused on breast cancer, and only 1 tested
aconsumer-based app [62]. In one of these studies, an adapted
mindfulness-based stress reduction (MBSR) program was
delivered via an iPad, resulting in significant improvementsin
psychological status and quality of life among MBSR
participants compared with a usual care control group [63].
However, this study was conducted over 6weeks without any
follow-up [63]. The other study assessed a consumer-based app,
Headspace, and found an increased quality of life and
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mindfulness in Headspace participants compared with the
control group but did not obtain app use datain most participants
[64]. Meinlschmidt et al [65] suggested that thereis more value
in identifying and testing popular and currently available tools
that have a committed user base and are likely to remainin use
in the near future. To date, few interventions have tested the

Textbox 1. Key takeaways from current literature.

Huberty et a

effects of consumer-based, commercially available meditation
apps for sleep, and none have been tested to reduce sleep
disturbances in chronic hematological cancer. A summary of
key takeaways from current literature in this area is presented
in Textbox 1.

Key pointsregarding sleep disturbance in chronic hematological cancer
«  Sleep disturbanceisalong-term and serious problem for patients with hematological cancer and warrants distinct treatment.
«  Patients with chronic hematological cancer lack effective, long-term treatment options for sleep disturbance.

«  Mindfulness meditation has been rigorously tested as a nonpharmacological complementary therapy that leads to the amelioration of Sleep

disturbances and specific sleep disorders.

«  Mindfulness meditation consistently improves factors associated with sleep disturbance in populations with cancer: inflammation, fatigue, and

emotional distress.

«  Current meditation interventions do not meet the diverse and unique needs of patients with chronic hematological cancer; more flexible options

are needed.

«  Consumer-based apps have great potential to deliver meditation interventions; however, more rigorous studies are needed.

ThisTrial

Therefore, leveraging a unique academic-industry partnership,
we propose a 20-week RCT (8-week intervention+12-week
follow-up) to rigorously test the consumer-based app Calm to
effectively deliver a meditation intervention to patients with
chronic hematological cancer (N=276; 138 per group) as
compared with a health education podcast control group. Calm
was chosen for this study as our research team had rigorously
tested the app among patientswith chronic hematol ogical cancer
previously, and we have demonstrated its preliminary efficacy
and preference among patients with chronic hematological
cancer over another popular meditation app, Headspace [47].
Thisstudy aimsto (1) test the efficacy of daily meditation (=10
minutes per day) delivered via Calm compared with a health
education podcast control group in improving the primary
outcome of self-reported sleep disturbance, aswell as secondary
deep outcomes, including sleep impai rment and sleep efficiency;
(2) test the efficacy of daily meditation (=10 minutes per day)
delivered via Calm compared with a health education podcast
control group on inflammatory markers (TNF-a, IL-6, IL-8,
and CRP), fatigue, and emotional distress (anxiety and
depressive symptoms); and (3) explore free-living use during
a 12-week follow-up period and sustained effects at 20 weeks
from the baseline of Calm in patientswith chronic hematological
cance.

Methods

Ethics Approval

All study procedures and materials were approved by the
Biomedical Research Alliance of New York Institutional Review
Board (study 21-136-955) and conducted in accordance with
the Declaration of Helsinki. This study has been registered at
Clinical Trials.gov (NCT05294991). Written informed consent
will be obtained from all participants.

https://www.researchprotocol s.org/2022/7/€39007

Study Design

This study is a double-blind RCT in which eligible and
consenting study participants will be randomly assigned to one
of two groups: (1) the daily Calm meditation intervention group
or (2) health education podcast control group.

Recruitment

Patients with chronic hematological cancers will be nationally
recruited using previously established organizational partners
(eg, Leukemia and Lymphoma Society, MPN Research
Foundation, Patient Empowerment Network, Banner Health,
and Mays Cancer Center at UT Hedth San Antonio MD
Anderson). Recruitment materialswill be devel oped specifically
for each organizational partner to advertise the study to potential
participants via social media (eg, Facebook, Instagram, and
Twitter), email listservs, website postings, and postingsin clinics
or waiting rooms. The study will be advertised as an app-based
wellness study to blind study participants to the intended Calm
intervention group.

Enrollment and Randomization

Interested patients with chronic hematological cancer will be
directed to complete a web-based eligibility screening
guestionnaire viaREDCap (Research Electronic Data Capture;
Vanderbilt University; see Textbox 2 for a detailed list of the
eligibility criteria). Ineligible participants will be sent an email
notifying them of their ineligibility status and providing
resources for patients with cancer, which will include an
educational deep handout and adiscount codefor Calm. Eligible
participants will be sent an email notifying them of their
eligibility; asked to review avideo-based overview of the study
(including the informed consent); and sent a link to
electronically sign the informed consent via REDCap, a secure
web-based data collection and management platform.
Participants will be offered the option of scheduling acall with
amember of the research team to review any questions related
to the study before providing their consent. Once consent is
signed, participants will be (1) asked to complete the baseline
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guestionnaire via REDCap, (2) blindly and randomly assigned
to either the Calm intervention or health education podcast
control arm, and (3) emailed the study materials (eg, app
download instructions, blood draw instructions, and welcome
email with important dates and study milestones). As part of
the study instructions, all participants will be asked not to
participate in any similar interventions, including other
meditation apps, medications, or nonpharmacological sleep
interventions during the study period. Participants will be
blocked or stratified by biological sex and then randomly
allocated (with a 1:1 allocation ratio) within the male-female
strata to treatments using a pseudorandom number algorithm
provided by the study statistician. Research personnel who
assign participantsto agroup will not be the same as those who
enroll participants or download and clean data. The group
allocation status will be restricted so that statisticians and
researchers will remain blind to treatment assignment.

After randomization, all participants will be offered an app
download coaching and tutorial call with a study team member
to review their assigned app, including a review of (1) the
genera app layout and basic functionalities (eg, ook, feel, and

Textbox 2. Study eligibility criteria.

Huberty et a

types of content found on the app), (2) where to find content
and how the content is organized, (3) how to view
participation-tracking statistics, (4) how to set reminders to
meditate or view podcasts, and (5) how to share participation
statistics on social media. Following the call, the participants
will receive an email containing a phone number for continued
support using the app.

In addition, the participantswill receive blood draw instructions.
Participants will have a blood draw request placed to obtain a
blood draw from their local Quest Diagnostics Patient Service
Center and instructed on the time of day to receive their blood
draw and the forms of identification they will need to obtain
the blood draw. Participants will have access to a study team
member’s phone number and email for further support while
receiving a blood draw throughout the study.

Finally, participants will receive a mailed package containing
(1) an Actiwatch Spectrum device; (2) instructions detailing the
wear, care, and use of the device; and (3) instructions for
shipping the device back to the research team at the study
conclusion. The participants will not proceed with the
intervention until the previous steps are fully completed.

Inclusion criteria

Exclusion criteria

Diagnosis of chronic hematological cancer on stable mai ntenance management (chronic hematological cancer subtypesinclude: chronic lymphocytic
leukemia, follicular lymphoma, smoldering myeloma, myeloma, myeloproliferative neoplasm subtypes [polycythemia vera, essential
thrombocythemia, and myelofibrosis], systemic mastocytosis, chronic myelomonocytic leukemia, and myelodysplastic syndrome) by atreating
physician:

On stable medical therapy or observation (ie, no changes in disease-targeted medications [or their dose] for the past 2 months)
Not currently participating in atherapeutic pharmacologic clinical trial

Has not received and is not planning to receive an allogeneic stem cell transplantation

Self-identifying as sleep disturbed (Pittsburgh Sleep Quality Index score of >5, indicating moderate sleep disturbance)
Owning and able to operate a mobile smartphone (iPhone with iOS 9.0 or later or an Android 4.1 or later)

Willing to download and able to operate a mobile app

Able to understand written and spoken English

Aged 218 years

Willing to be randomized

Willing to drive to Quest Diagnostics Patient Service Center 3 times during the study in the morning

No change in sleep medication use (if any) over the past 6 weeks

Meditation or meditative movement practice (ie, yoga, tai chi, and gi gong) of =60 minutes per month in the past 6 months
Use of any consumer-based meditation app

Residing outside of the United States

Any planned change in pharmacological therapy (ie, new drug) during the study time frame (ie, 20 weeks)

Self-reporting sleep-disordered breathing or sleep movement disorder

Taking sleep medications or supplements =3 times per week

Self-reporting any other diagnosed and uncontrolled medical or psychiatric condition
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Intervention Group (Calm)

Cam does not provide its users with a specific prescription for
how often to use the app (frequency) or how long to use the app
(dose); users self-select the frequency, dose, and timing of
engagement, as well as which content and features to use. The
Cam intervention participants will be asked to complete a
minimum of 10 minutes per day of meditation viaCalm, at any
time of day for 8 weeks. During weeks 1 to 4, participants will
be asked to complete the introductory 30-day program How to
Meditate comprising 30 days of 10-minute daily meditation
along with education about what mindfulnessis, how to practice
and achieveit with meditation, the seated or reclining positions
to use for meditation, and how to monitor and guide their
breathing. During weeks 5 to 8, participants will be asked to
complete one daily meditation that may include the Daily Calm,
a different 10-minute mindfulness meditation each day, or a
meditation from various series of meditations (eg,
loving-kindness and 7 days of managing stress). Participants
will have complete autonomy over choosing the meditation,
which includes options for at least 10 minutes (meditation
periods are tracked). After completing their daily meditation,
participantswill also be ableto use the app content more broadly
(ie, nonmeditative content, including Sleep Stories and Daily
Move) based on their preference.

Cam meditation focuses on mindfulness components [66],
breathing techniques, and body scans, al of which are consistent
with core mindfulness practices, such asMBSR (nonjudgmental
moment-to-moment awareness) [67] and one of Vipassana's
principles—objective observation of physical sensationsin the
body [68]. As an ideal dose for mindfulness meditation
interventions has not been established because of considerable
variability in intervention prescription [69], the 10-minute daily
dosewas chosen, as Calm currently offers 10-minute meditations
(daily and series meditations), which corresponds to how long
users typically meditate using the app. Practical guides
recommend that beginners start with short daily meditations
lasting between 10 and 30 minutes per session [26,70]; thus,
the intervention prescription will be a minimum of 10 minutes
per day of meditation to be effective but not overly burdensome.

Table 1. Calm and podcast group prescriptions.

Huberty et a

Participants will be alowed to choose the time of day when
they meditate. Giving participants autonomy over choosing the
time of day for meditation mirrors the way in which Calm’s
paying subscribers use the app, thus yielding benefits (eg,
ecological validity and participant satisfaction) that likely
outweigh those of imposing strict controls over the timing of
use, which could lead to lower adherence (eg, missed or
truncated practice). Participation (meditations completed, time
of day, length of time, and nonmeditative content used) will be
tracked using the Calm app throughout the study and addressed
in sensitivity analyses.

After completion of the 8-week study intervention period, the
Calm intervention participants will no longer have to complete
daily meditations but will continue to have access to the app
for 12 additiona weeks during the follow-up period.
Participation in the Calm app will continueto be tracked during
thistime.

Control Group (Health Education Podcast)

Similar to the Cam intervention group, podcast group
participants will listen to a minimum of 10 minutes per day of
a health education podcast delivered via a mobile app for 8
weeks (Tables 1 and 2). A library of health education podcasts
will be available on the app, with carefully chosen content that
excludes any recommendations for sleep, meditation, or
mindfulness-like principlesor practice. Participantswill be able
to select the podcast based on title, time, or both in an effort to
mirror the delivery of meditations in the Calm intervention
group. Podcast group participants will also be encouraged to
use other components of the podcast. Participation (podcasts
completed, time of day, length of time, and components used)
will be tracked on the app throughout the study period. After
compl etion of the 8-week sham intervention period, the podcast
group participants will no longer be asked to listen to daily
podcasts but will continue to have access to the app for 12
additional weeks during the follow-up period. Participation in
the podcast app will still be tracked during this period. Upon
completion of the entire 20-week study period, podcast group
participants will be given a discount code for 6 months of free
access to the Calm app.

Week Cam intervention group

Podcast group?

Week 1: total 7 days
Weeks 2-4: total 21 days
Weeks 5-20: Full access

Daily introductory 10-minute meditation

Daily 10-minute exploration of mindfulness meditation

Full library of individual and series of 10-minute meditations

Daily 10-minute health education podcasts
Daily 10-minute health education podcasts
Full library of podcasts available

8Podcasts will be uploaded weekly, except during weeks 5-20 when the remaining full library will be uploaded.
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Table 2. Examples of Calm and podcast group prescriptions.
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Group and examples Minutes
Calm intervention group
Returning to the Here and Now 10
Acceptance 11
Paying Attention 10
Podcast group
Alcohol and Cancer 10
Community Gardening 10
10 Ways to Have a Better Conversation 12

Retention and Adherence Strategies

We will use self-determination theory (SDT) and SDT-based
strategies to guide our protocol and promote adherence [71].
The SDT postulates that the initiation and maintenance of
behavior isinfluenced by three basic needs:(1) competence, or
the need to produce desired outcomes and to experience mastery;
(2) autonomy, or the need to feel ownership of one's behavior;
and (3) relatedness, or the need to feel connected to others[72].
Participantswill be encouraged to use the features built into the
Calm intervention or podcast, which are designed to help
maintain engagement and adherence in their assigned app. All
thesefeatures are consistent with practicesthat helpindividuals
participate in health behaviors [71], and these features are
identical in both apps. To promote autonomy, a feature of the
Calm and podcast apps includes time spent meditating or
listening to podcasts—participants can go to their Calm profile
and they are automatically provided the total time they have
spent meditating or listening (time from the first meditation or
podcast to present), total sessions, and longest streak after each
use. To promote competence, the Calm and podcast appsinclude
a reminder that participants can set in the app that will send
them a push notification to meditate or listen to a podcast at a
set time each day. To promote relatedness, the final feature of
the Calm and podcast apps includes Share Your Sats, which
allows participants to share summaries of their meditation or
podcast listening use with othersvia SM Stext messages, emails,
or social media (eg, Facebook, Pinterest, or Instagram).

In addition to the above app features, EZTexting (acommercial
SMS text messaging—based platform) will be used to send a
brief, automated phone call, email, or SM Stext message (based
on participant preference) at the beginning of the week to
encourage continued participation, with the message and
conversation grounded in the 3 tenets of SDT (ie, autonomy,
competence, and relatedness). Participants who are not
meditating or listening to the podcast episodes for at least 10
minutes per day or 70 minutes per week for >3 consecutive days
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will receive a midweek phone call, email, or text (based on
participant preference) through EZTexting. Participants could
opt out of these follow-up messages at any time during the
intervention. Research staff will track adherence information
throughout the study and determine whether the patterns of use
aresimilar acrossarms. Furthermore, both the Calm intervention
and podcast will automatically show the user their time spent
in meditation or listening for the day, the total time since the
start of the study, and the longest streak as a reinforcing
self-management technique. Finally, the Calm intervention and
podcast aso include reminder tools in which participants can
set reminders on their phones to participate [73]. All study
participants will receive a monetary incentive for completion
of the baseline (US $15), postintervention (US $25), and
follow-up (US $35) assessments, including blood draws, for a
total incentive opportunity of US $75 paid in one lump sum at
the end of the study if all 3 outcome time points are completed.

Study Outcomes and M easures

Overview

Table 3 presents the study outcomes and measures. All study
participantswill be asked to compl ete web-based questionnaires
viaREDCap at 3time points: baseline (week 0), postintervention
(week 8), and follow-up (week 20). In addition, participants
will complete a weekly web-based sleep diary via REDCap
from weeks 1 to 8 and at the end of week 20. Participants will
also complete a weekly log via REDCap regarding their
satisfaction with the study and whether there have been any
changes in their cancer therapy, sleep medication and
supplement use, and disease status. The weekly satisfaction logs
will specifically include questions to assess the participants
overall perceptions of their meditation or podcast sessions. If
the participant meditates or listens to a podcast, they will be
asked about their likes, didikes, facilitators, and barriers. If they
do not meditate or listen to a podcast, they will be asked what
would help them.
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Table 3. Summary of data collection.
Data, outcomes, and measures Week 1 Weekly Week 8 Week 20
Aim 1

Sleep disturbance (subjective)

Insomnia Severity Index g ad
PROMIS? Sleep Disturbance u 0
PROMI S Sleep-Related Impairment O O
Sleep diary O
Sleep disturbance (objective)
Actiwatch L 0
Aim 2
Inflammation
Serum cytokines and proteins (TNF-a%, interleukin-6, interleukin-8, and CRPd) u 0 u
Fatigue
PROMIS Adult Cancer Fatigue g ad ad
Depression
PROMIS Depression g ad ad
Anxiety
PROMIS Anxiety g O g
Demographics
Biological sex
Self-report O
Age
Self-report O
Race and ethnicity
Self-report O
Income
Self-report O
Education
Self-report O
Marital status
Self-report O
Occupation
Self-report O

Disease and treatment variables
Comor bidity condition
Charlson Comorbidity Index g

Blood counts

Complete blood count g ad ad
Sleep medications
Self-reported g ad
Cancer therapy changes
Self-reported g ad
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Data, outcomes, and measures

Week 1 Weekly Week 8 Week 20

BMI
Self-reported height and weight
Fidelity and process
Meditation participation
Self-report log
Calm-provided data
Podcast participation
Self-report log
App-provided data
Satisfaction
Self-report log
Check-ins and reminders

Email, SMS text message, and phone call

3PROMIS: Patient-Reported Outcomes Measurement Information System.

bA ssessed daily during the intervention period (weeks 0-8) and for a 7-day period at week 20.

STNF-a: tumor necrosis factor-a.
dCRP: C-reactive protein.

Demographics

Demographic characteristics will be self-reported at baseline
and will include biological sex, age, race, ethnicity, marital
status, income, education, and occupation.

Clinical Data

Clinical characteristicswill include acomprehensive assessment
of cancer-specific disease information (eg, comorbidities and
complete blood count); other comorbidities (Charlson
Comorbidity Index) [74]; self-reported weight and height; and
current pharmacological treatment information, including sleep
medication.

Primary Outcomes (Sleep)

The primary outcome of changes in sleep disturbance will be
assessed using the Insomnia Severity Index (ISI). The ISl a
7-item measure of reported insomnia symptom severity over
the past 2 weeks, has been validated among patientswith cancer
(Cronbach a=.90) [75]. Total scores range from 0O to 28, with
scores of 8 to 14 and =15 indicating subclinical and moderate
to severe insomniasymptom severity, respectively [75]. An 1S
change score >7 is considered aclinically meaningful response
to treatment [ 75]. Sleep will secondarily be assessed using the
National Institutes of Health (NIH) Patient-Reported Outcomes
Measurement |nformation System (PROMIS) Sleep Disturbance
Short Form 8b, PROMIS Sleep Impairment Scale, actigraphy,
and sleep diaries. The PROMI S Sleep Disturbance Short Form
8b comprises 8 items ng various aspects of sleeponal
to 5 Likert scale. The measure generates atotal summed score,
which is then converted to a standardized t score for analysis
[76]. The NIH PROMIS Sleep Disturbance Short Form 8bisa
reliable and valid measure for assessing sleep disturbance in
patients with cancer (Cronbach 0=.86) [76]. The PROMIS
Sleep-Related Impairment Short Form 8a comprises 8 items
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assessing various aspects of dSleep-related impairment
(self-reported perceptions of alertness, sleepiness, and tiredness
during usual waking hours and perceived functional impairments
during wakeful ness associated with sleep problems or impaired
alertness) onalto5 Likert scale. The measure generates atotal
summed score, which isthen converted to astandardized t score
for use in analyses [77,78]. The PROMIS Sleep-Related
Impairment Short Form 8ais areliable and valid measure for
assessing impairments associated with sleep across a range of
healthy and patient popul ations reporting sleep disturbance and
sleep impairments (Cronbach a=.85-.91) [77,78].

Sleep will also be assessed objectively viawrist-worn actigraph,
specifically, via an Actiwatch Spectrum Plus device (Philips
Respironics, Inc). Participants will wear the Actiwatch daily
throughout the 8-week intervention period, mail it back to
research personnel after week 8 (the Actiwatch hasamaximum
battery life of 68 days), and receive an Actiwatch to wear again
for a 7-day period during the follow-up period or week 20. The
Actiwatch Spectrum Plus is a valid, reliable, and objective
assessment of sleep to be worn on the nondominant wrist 24
hours a day and 7 days a week. This assesses the motion and
ambient light data used to analyze the sleep and circadian
rhythm parameters. Actigraphy data of =5 nocturnal periods
recorded per week during the intervention period (ie, week 0-8)
and during the 7-day follow-up or week 20 will be considered
valid, and the actigraphy data will be binned weekly. The
sleep-wake status in each 30-second epoch during the rest
intervals will be determined with the Actiware version 6.1.2
(Phillips) scoring algorithm at the medium wake sensitivity
threshold. The Actiware software contains automatic off-wrist
detection and scoring. All main and minor rest intervalswill be
verified, with participants entering the rest interval onset and
offset times, which are marked at the epoch level when the
participant pushes acorresponding button on the device. If these
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event markers are absent, then therest intervalswill be verified
using adaily sleep diary.

Finally, Sleep will be further assessed using the Consensus Sleep
Diary (CSD). The CSD will be used to assess reported bedtimes
and wake times to determine the sleep and wake windows of
the main and minor sleep periods[79]. Similar to the actigraphy
data, sleep data from the CSD will also be binned weekly. The
following night-level and averaged sleep metricswill be derived
from both dleep diaries and actigraphy: bedtime, wake time,
time in bed, total sleep time, deep onset latency, wakefulness
after deep onset, number of awakenings, and sleep efficiency
([total sleep time/time in bed]x100%). Sleep efficiency from
both dleep diaries and actigraphy will be the main secondary
sleep outcome of interest.

Secondary Outcomes

Inflammatory biomarkers with serum cytokines and proteins
(TNF-a, IL-6, IL-8, and CRP) will be objectively assessed from
participant blood samples. The participants blood draw
instructions will include the address of the nearest Quest
Diagnostics Patient Service Center (there are approximately
2200 centerslocated acrossthe United States). Participantswill
be instructed to have their blood drawn in the morning before
10 AM within 2 weeks of notifying research personnel that they
received their package and to repeat their blood draw at
postintervention (8 weeks) and follow-up (20 weeks) time
points. Participants will not need to fast and follow any other
day-of procedures. In our prior work, we had high compliance
with this method (92.6% at baseline and 70.4% at the
postintervention time point) despite offering no incentives for
completion of the blood draws [80]. A certified phlebotomist
will perform all blood tests, drawing 3 mL of blood. Blood will
be transferred into a plastic screw-cap via and stored on cold
packs. The Patient Service Center will mail the drawn blood to
the Clinical Laboratory Improvement Amendments—certified
laboratory at the Quest Diagnostics Nichols Institute (San Juan
Capistrano, California) for analysis. There will be no cost to
the participants. Quest Diagnostics will provide test results to
research staff via a secure web-based platform.

Fatigue and emotional distress (ie, anxiety and depression) will
be assessed using the NIH PROMIS Adult Cancer Fatigue 7a
(7 items), NIH PROMIS Emotiona Distress-Anxiety Short
Form 7a (7 items), and NIH PROMIS Emotiona
Distress-Depression Short Form 8a (8 items). Each of these
measures asks participants questions on a 1 to 5 Likert scale
and generates atotal summed score, which isthen converted to
a standardized t score for use in the analyses. These NIH
PROMISinstruments are reliable and valid measures of fatigue
(Cronbach a>.86), anxiety (Cronbach a=.90), and depression
(Cronbach a=.91) in patients with cancer [76].

Statistical Analysis

Sample Size and Power

All estimates presented here are conservatively based on a
generalized linear mixed model analytic approach, in which the
focal effect isan arm (Calm vs podcast) x time (baseline vs 8
or 20 weeks) interaction. A generalized linear mixed model
approach affords lower power than the preferred analysis of
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covariance (ANCOVA) approach, which will be pursued if the
model’s homogeneity of effect assumption is met (see the
Analytic Approach section). Assuming a sample SD for 1Sl
scores of 6.0 (derived from the literature on sleep disturbance
among patients with cancer [81-85]) and Cronbach a=.05, a
complete-case sample size of 28 (n=14 pee arm) would afford
apower of 0.80 to detect a clinically meaningful between-arm
(Calm vs podcast) differencesin ISl scores of >7 points (ie, a
standardized between-arm difference of Cohen d=1.33).
However, anticipated effects on other sleep measures and
measures of well-being are generally much more modest;
accordingly, the study sample size was determined based on
anticipated intervention effects on these outcomes rather than
those on the ISI. In our previous work, we found moderate
effects of meditation on self-reported psychological well-being
(aim 2; Cohen d=0.31-0.44), self-reported sleep disturbance
assessed via the PROMIS Sleep Disturbance questionnaire
(Cohen d=0.47), and inflammation biomarkers (Cohen
d.=0.41-0.50) [39]. The meta-analysis by Duong et a [86]
suggests somewhat stronger effects of mindful ness (standardized
mean difference 0.50) and relaxation (standardized mean
difference 0.94) interventions on fatigue. Assuming an effect
size typical of those observed across these various outcomes
(Cohen d=0.45), a conservative estimate of the pre-post
correlation for outcome scores (r=0.30) and Cronbach a=0.05,
a complete-case sample (at 8 weeks) of 220 (n=110 per arm)
should afford apower of 0.80 to detect significant between-arm
differences in secondary outcomes (and power >0.99 to detect
aclinically meaningful difference in ISl scores). Anticipating
up to 20% attrition at 8 weeks, we will enroll and randomize
276 participants (n=138 per arm). For aim 3, anticipating up to
30% attrition by week 20 (yielding 194 compl ete cases; n=97
per arm), tests of intervention effects should have power=0.80
to detect the effects of Cohen d>0.48. Multivariable linear
regression analyses of potential dose-response effects on
outcomeswill taketwo forms: (1) analysisof all available cases
with a dose coded as O for the podcast group and (2) analysis
using data from the Calm group only. These analyses should

have a power of 0.80 to detect small (r%>0.039) and moderate
(r%20.076) linear dose-response effects.

Analytic Approach

For preliminary analyses, univariate and bivariate statistics and
plots will be used to examine the distributions of and
associations between study variables, identify potential
multivariate outliers and influential cases, explore patterns of
missingness, and check for systematic between-arm differences
in baseline participant characteristics. Before addressing the
study aims, we will estimate multivariable linear regression
models predicting week 8 and week 20 values of each outcome
from the main effects of the treatment arm (arm) and the
corresponding baseline value of the outcome (baseline) and an
arm x baseline interaction term. If the interaction is not
significant, an ANCOVA-type approach (described in the
following paragraphs) will be used. However, if thisinteraction
is significant, a generalized linear mixed model approach will
be used, with repeated measurements of outcomes treated as
nested within the participants. Preliminary analyseswill inform
the choice of link function (eg, natural log) and error
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distributions (eg, negative binomial) or the transformation of
outcome scores used in the primary analyses. R (version 4.1.2)
will be used for all analyses and plots.

To assessintervention effects on sleep quality and sleep-related
impairment, we will use multivariablelinear regression models
(following an ANCOVA-type approach), predicting week 8
values on the ISl and secondary sleep outcomes, including the
PROMIS Sleep Disturbance questionnaire and Sleep-related
Impairment Scale, and sleep efficiency measured via sleep
diaries and actigraphy from the study arm (Calm v podcast),
adjusting for corresponding baseline values and relevant
background covariates (eg, prestudy sleep medication dosage
and BMI). These analyses, which will follow a strict
intent-to-treat approach, will be supplemented by parallel
analyses in which week 8 outcome values will be predicted
from dose (minutes of meditation use), with the dose coded as
0 for the podcast arm, while adjusting for baseline outcome
measure val ues and background covariates. These supplemental
analyses will address heterogeneity in intervention exposure
without including highly collinear arm and dose terms in the
same models.

To address the hypotheses regarding the intervention effectson
inflammatory markers (TNF-a, IL-6, IL-8, and CRP), fatigue,
anxiety, and depressive symptoms, we will estimate models
parallel to those estimated for sleep measures, with week 8
outcome values predicted based on the arm, adjusting for
corresponding baseline val ues on outcome measures and rel evant
background covariates.

To address the hypotheses regarding longer-term intervention
effects at week 20, we will use analytic approaches parallel to
those to assess differences in change at week 8, with outcomes
being predicted from arm or dose (minutes spent meditating),
adjusting for corresponding baseline outcome values and
background covariates.

To address the hypotheses regarding associations between dose
and sustained meditation use (number of weeks with >4 days
of meditation use) and longer-term change in outcomes within
only the Calm intervention arm, we will examine bivariate plots
and estimate a variety of multivariable regression models (eg,
polynomial linear regression, piecewise linear function, and
generalized additive models) to understand the forms of the
associations of dose and sustained use and change in outcomes.

If preliminary analyses indicate significant arm x baseline
interactions, we will use (instead of an ANCOVA approach) a
generalized linear mixed model approach in which across-level
arm (Cam vs podcast) x time (eg, baseline vs week 8)
interaction term is the focal effect for predicting repeated
measurements of the outcome measure. This interaction term
will capture between-arm differencesin changes from baseline
to week 8 (or week 20). Differencesin change as a function of
the intervention dose will be captured using dose x time
interaction terms. Although the generalized linear mixed model
approach generally does not provide as much statistical power
as the ANCOVA approach, generalized linear mixed models
(estimated using maximum likelihood) have the advantage of
drawing on the strength of all available covariate and outcome
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data to produce unbiased parameter estimates and SEs in the
presence of outcome data that are missing at random.

All preliminary analyses will be supplemented by analyses
exploring the interactions between biological sex (male vs
female) and the focal effect in each model (eg, sex x arm in
ANCOVASs or sex x arm x time in generalized linear mixed
models) to determine whether these effects differ by sex.
Furthermore, wewill conduct sensitivity analyses by examining
associations between time of day (eg, proportion of meditation
bouts occurring within 2 hours of bedtime) and the proportion
of sessions using nonmeditative content and outcomes at 8 and
20 weeks, adjusting for baseline outcome values. As these
variables will be highly collinear with the study arm because
podcast userswill not have any recorded in-app meditation use,
sensitivity analyses gauging the potential impact of these
variables will parallel the dose-response analyses described
previously. Further sensitivity analyses will be conducted to
assess the potential impact of (1) changes in the chronic
hematological cancer treatment regimen and (2) sleep disorder
diagnoses that occur after randomization. For these, analyses
of intervention effects will be repeated, excluding data from
individua swho experience either of these events, and theresults
will be compared with those from the full intent-to-treat sample.
To maintain thetype| error ratesat anominal Cronbach a=.05,
wewill use P values adjusted using the Hommel approach [87].

Missing Data

If an ANCOVA-type approach is pursued, we will use multiple
imputation to impute missing databy including all the variables
from agiven analytic model (ie, the variables with missingness
will be included in the imputation model) in the imputation
model, as well as potentially important auxiliary variables that
are predictive of missingness or found to be associated with
variables that have missingness [88]. With the mice packagein
R, we will use the fully conditional specification to generate
100 imputed data sets to be analyzed, as described previously
[89]. Although generalized linear mixed models are robust to
missingness in the response variable, data from participants
with incomplete dataon =1 covariate will be excluded from the
analyses. Therefore, where warranted, we will use multiple
imputation to generate imputed data sets to be analyzed via
linear mixed models.

Results

This project is funded by the NIH National Cancer Institute
(RO1CA262041). The projects kicked off in April 2022, and
study recruitment is scheduled to begin in October 2022, with
the total project duration lasting 5 years. We anticipate that we
will be ableto achieve our enrollment goal of 276 patientswith
chronic hematological cancer within the allotted project time
frame.

Discussion

Principal Findings
The purpose of this study is to leverage an academic-industry

partnership with the consumer-based app Calm to rigorously
evaluate Cam for the effective delivery of a meditation
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intervention to patients with chronic hematological cancer via
a20-week RCT. Specifically, in this study, we aimed to (1) test
the efficacy of daily meditation (=10 minutes per day) delivered
via Calm compared with a health education podcast control
group on self-reported sleep disturbance, deep impairment, and
seep efficiency; (2) test the efficacy of daily meditation (=10
minutes per day) delivered via Calm compared with a health
education podcast control group on inflammatory markers,
fatigue, and emotiona distress; and (3) explore the sustained
effects at 20 weeks from the baseline of Calm in patients with
chronic hematological cancer. This study will be the first RCT
to determinethe effects of aconsumer-based mobile meditation
app on deep disturbancesin patients with chronic hematol ogical
cancer. If our findings demonstrate a significant clinical impact
on sleep disturbance in patients with chronic hematological
cancer, we will have an inexpensive, easily accessible,
nonpharmacol ogical intervention that can readily be prescribed
by cancer care providers for sleep disturbance in chronic
hematological cancer. Our rigorous RCT will fill aknowledge
and rigor gap regarding the delivery of smartphone-based
meditation as an intervention for sleep and provide new data
on sustained effects.

Comparison With Prior Work

There is limited understanding of the effects of meditation on
sleep-related outcomesin patients with cancer, with no research
to date examining these outcomesin hematol ogical cancers (1.9
million in the United States) [28,57]. Existing research using
apps has focused on emotional measures or cancer-specific
biologica changesas outcomes but not sleep disturbance [90-94]
in survivors of solid tumors with minimal residual disease or
those with short survival times (eg, patients with metastatic
solid tumors). The different and distinct long-term disease
courses of patients with chronic hematological cancer and the
associ ated mai ntenance therapy toxicitiesand symptomswarrant
innovative interventions that support the self-management of
symptoms [3]. Patients with chronic hematological cancer are
often geographically dispersed, with substantial variability in
their proximity to cancer centers because of therarity of certain
subtypes (eg, MPNs) [95], limiting opportunities for
community-based local programs to help manage symptoms.
Remote delivery of meditation via a mobile app will improve
reach and scalability in this understudied population.

In addition, previous studies on meditation in cancer have
focused primarily on White women with breast cancer [57].
This study presents an opportunity to study meditation in older
adults, men, and minorities who present with chronic
hematol ogical cancer. Our prior successful recruitment strategies
for patients with cancer will specifically recruit representative
samples from these populations. Furthermore, we previously
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established that Calm is acceptable and appealing to a wide
population group, which can expand the reach of traditional
research interventions. For example, in across-sectional survey
of Cam subscribers (N=12,151), 20% were male, 19% were
people of color, and 15% were older adults (aged >65 years).

Prior studies using meditation to reduce sleep disturbance in
patients with cancer did not have follow-up periods beyond 12
weeks [53]. In the 2 meditation-based interventions conducted
in patients with chronic hematological cancer, both were
delivered for a very short period (ie, 5 sessions of 1 hour per
week). No product could be used continually and accessed
beyond study completion [58,59]. Asmost evidence-based apps
are devel oped within the context of research studies and are not
sustained at the end of the study [96], the scal ability and viability
of the widespread distribution of mobile app—based interventions
in these studies are not possible. As Calm is consumer based,
the intervention never truly ends. Calm is available and can be
used whenever a patient desires or feelsit is needed (eg, when
they feel overwhelmed, fatigued, anxious, or lying down to go
to deep). The patient can choose when and how frequently Calm
isused, increasing the likelihood that patients will use Calm to
aleviate dleep disturbance in the long term. This study can
uniquely measure and explore time and dose effects and will
advance the evidence for a consumer-based meditation app that
patientswith chronic hematol ogical cancer can usefor symptom
self-management in thelong term. Thisresearch will contribute
to broader public health efforts by providing researchers and
clinicians with an evidence-based commercial product to
improve sleep in the long term in an underserved and
understudied population with cancer and a high incidence of
sleep disturbance.

Future Directions

If itisdemonstrated that Calm is an efficaciousintervention for
patients with chronic hematological cancer, future work will
aim to disseminate Calm as an evidence-based option for health
care providers to recommend or prescribe to patients with
chronic hematological cancer. Consideration will be made to
apply for aNIH Small Business Innovation Research grant to
help with the dissemination of Calm or to receive Food and
Drug Administration approval for Calm asanonpharmacol ogical
intervention for the treatment of sleep in patients with chronic
hematological cancer.

Conclusions

In summary, this study will contribute to the mindfulness and
cancer literature at large, with a unique focus on filling the
much-needed gap by examining remote mindfulness-based
interventions in patients with chronic hematological cancer.
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Abstract

Background: The health care system in Thailand has struggled to cope with the COVID-19 pandemic, resulting in decreased
administration of community-based directly observed therapy (DOT) for tuberculosis (TB). As an alternative to failed DOT,
video-observed therapy (VOT) or the Thai asynchronous VOT system, “TH VOT,” was devised. We developed a protocol for a
study to test the superiority of VOT over DOT in ensuring treatment compliance.

Objective: We aim to compare the mean cumulative compliance days of TB patients and their observers under the VOT program
with that of individuals under the DOT program during the intensive phase of TB treatment.

Methods: A cluster randomized controlled trial of pulmonary TB patients and their observerswill be conducted over a 2-month
period. This study will be conducted in the Hat Yai and Meuang Songkhla districts of Songkhla Province, Southern Thailand. A
total of 38 ohservers working at 38 primary care units (PCUs) will be randomized equally into VOT and DOT groups. The TH
VOT system will beimplemented in 19 PCUs in the VOT group while the other 19 PCUswill continue with the traditional DOT
program. Approximately 1-5 TB patients will be under observation, depending on the PCU jurisdiction in which the patients
reside. The inclusion criteria for TB patients will be as follows: patients diagnosed with newly active pulmonary TB with a
positive acid-fast bacilli sputum smear, aged >18 years, own a smartphone, and are able to use the LINE (Line Corporation) app.
Theexclusion criteriawill be patients with acondition that requirestheintervention of aspecialit, rifampicin resistance according
to a cartridge-based nucleic acid amplification test (GeneXpert MTB/RIF), unable to continue the treatment, and/or alcohol
dependence. After the 2-month observation period, all sessions and follow-up clinical outcomes recorded will be retrieved. An
intention-to-treat analysis will be performed to assess the compliance of both patients undergoing drug administration and their
observers.

Results: The Human Research Ethics Committee, Faculty of Medicine, Prince of Songkla University approved the trial on
February 19, 2021 (approval number 64-03618-9). Thetrial wasfunded in May 2021. Therecruitment period will be from January
2022 to July 2022. The observation is scheduled to end by September 2022.

Conclusions: If the VOT shows superiority in observational compliance among patients and observers, the existing DOT policy
will be replaced with VOT.

Trial Registration: Thai Clinical Trials Registry TCTR20210624002; https://www.thaiclinicaltria s.org/show/TCTR20210624002
International Registered Report Identifier (IRRID): DERR1-10.2196/38796
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Introduction

Thailand is one of the 30 countries worldwide with the greatest
tuberculosis (TB) burden [1]. During the past 2 years, Thailand
has also been heavily impacted by the COVID-19 pandemic
[2-4]. The pandemic led to a reduced frequency of
administration of the existing community-based directly
observed therapy (DOT) for TB patients and irregularity in its
implementation [5-7].

Recently, anew strategy called “ video-observed therapy” (VOT)
was developed, which enables the provision of remote
observation for patients with TB in contrast to conventional
DOT. Therearetwo formsof VOT: synchronousVOT (S-VOT)
and asynchronous VOT (A-VOT) [8]. With SVOT, observers
video call their patients for real-time observation of drug
administration, whereaswith A-VOT, observers can review the
video sent by patients at any time. Globally, A-VOT is more
commonly used than S-VOT becauseit allows patientsto record
drug-administration sessions at their convenience; moreover,
the video can be watched multiple times [8]. Thus, Thailand
uses an A-VOT system to collect video records that can be
audited[9]. Instead of ahome visit in acommunity, an observer
can flexibly use the A-VOT system to lower their travel costs
and risk of SARS-CoV-2 infection.

Previous studies reported that in western countries, A-VOT has
better patient compliance, cost utility, and acceptability than
DOT [10-13]. However, these studies assessed A-VOT
according to the number of observations of clinic-based and
comprehensive community-based DOT. The irregular
community-based DOT in Thailand cannot be applied to these
previous studies that were conducted at an individual patient
level. Owing to irregularities of DOT compliance among
observersin Thailand [5], it isimportant to consider observation
of therapy at the observer level.

To ensure an unbiased comparison between VOT and DOT, a
cluster randomized controlled trial will be conducted based on
aseriesof 2-month observationsamong pulmonary TB patients
and their observers. A cluster randomized controlled trial design
is required because in the Thai health system, patients within
the same jurisdiction are observed by the same observers
working at the primary care unit (PCU) of the jurisdiction.

The primary objective of this trial is to compare the mean
cumulative number of compliance daysof TB patientsand their
observers under the A-VOT program with those under the
traditional community DOT program. In each jurisdiction,
patient compliance with self-reporting daily drug-administration
sessions and the number of doses observed will be assessed at
an individual level. Patients in the same jurisdiction will
represent a cluster and will be observed by the same observer.
After 60 days of the intensive phase of TB treatment, the mean
cumulative number of the patients’ dayswith self-reporting and

https://www.researchprotocols.org/2022/7/€38796

being observed in the VOT group and the DOT group will be
compared at a cluster level. The secondary objectives include
performing a descriptive review of the compliance activities
and comparing the clinical outcomes between patients in the
VOT and DOT groups. The clinical outcomes of sputum
conversion and reporting of adverse events will also be
ascertained, and statistically significant differences in the
secondary outcomes between the VOT and DOT groups are not
expected.

Methods

Study Setting

This study will be conducted in the Hat Yai and Meuang
Songkhla districts of Songkhla Province, Southern Thailand,
where arobust internet network is available. The study setting
is based on 53 PCUs in the province, each including a TB staff
member who worked as a DOT observer for at least 2 years.
All peoplein the setting are regular smartphone users.

Background of the Existing A-VOT in Thailand

An A-VOT in Thaland (ie, the “TH VOT” system) was
developed to enable remote observation of administration of
anti-TB drugs taken by patients with TB [7]. The TH VOT
system is a secured web system that allows patients and their
observersto make adaily appointment for an observation session
[14]. The system is compatible with any mobile web browsers
without the requirement for installation of an additional app. A
TH VOT app is also available on the Google Play store as an
alternative platform that uses the system [15]. The patients and
observers can easily register and use this VOT system through
user authentication of the LINE (Line Corporation) app, which
isthe most commonly used app in Thailand [16-18]. With daily
autonotification, both patients and observers will be notified
about their appointment. The patients record themselves while
taking their medication and upload the video to the server. The
server then notifies the observer to review the video. Data
regarding patient and observer compliance will be assessed
according to our previous study protocol [9]. The usability of
the system was tested during November 2021. It was found to
function well with no technical problems and was usable among
both TB patients and observers[9].

Study Design

We will perform a cluster randomized controlled trial. An
observer will be assigned a cluster of patients with pulmonary
TB that livein the samejurisdiction, either using DOT or VOT.
We aim to observe each patient for 60 days during theintensive
phase of their TB treatment. Daily compliance will be audited
by one auditor who will supervise all observers in the study
areaaccording to a standard assessment protocol [9]. The study
flow is summarized in Figure 1.
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Figurel. Study flow. c: number of clusters; n: number of patientswith tuberculosis; DOT: directly observed therapy; TH VOT: Thailand's asynchronous

video-observed therapy system; VOT: video-observed therapy.
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Participants

Patients (Individual Level)

Patients will be considered dligible if they have newly active
pulmonary TB diagnosed with apositive acid-fast bacilli (AFB)
sputum smear, are aged>18 years, own a smartphone, and are
ableto usethe LINE app. Participants are excluded if they have
a condition that requires a speciaist’s intervention, have

https://www.researchprotocols.org/2022/7/€38796

XSL-FO

RenderX

| Intention to treat (n=70)

rifampicin-resistant TB as tested by GeneXpert, unable or
ineligible to continue the treatment for 60 days, or have a cohol
dependence.

Observers (Cluster Level)

There are 53 PCUs in the study area. Based on arandom list of
the PCU numbers generated using R software (1-53), the
observers in the PCUs numbered 1 to 38 will be randomly
allocated to groups. If they refuse to undergo alocation, the
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observersin the PCUs numbered 39 to 53 will be subsequently
invited until 38 observers have been allocated.

Cointerventions

The following criteria will be applied to al patients and
observers, regardless of their treatment group.

Patients with pulmonary TB will be diagnosed and treated by
ageneral physician at Hat Ya Hospital or Songkhla Hospital.
After diagnosis, the patients will be referred to the TB clinic.
The patients will be provided zipped bags daily for 60 days,
each with a daly dose of ther isoniazid, rifampicin,
pyrazinamide, and ethambutol (HRZE) drug regimen [7].
Patients who consent will be registered in the database by a TB
nurse. The patients will be scheduled to take their medications
(HRZE regimen) once aday. After each patient registration, the
observer in the jurisdiction where the patient resides will be
notified through autonotification on the official LINE app (either
DQOT or VOT).

For monetary compensation, the patients will receive 300 baht
(US $8.68) immediately after registration to cover the cellular
internet cost for the first month. Further compensation will be
paid once the patients compl ete their 60-day intensive treatment
without discontinuing the assigned intervention. They will
receive 300 baht (US $8.68) to reimburse the cellular internet
cost for the second month and 400 baht (US $11.57) for
transportation of the sputum specimen for 3 consecutive days.

The observers will be compensated 600 baht (US $17.36) if
they observe medication administration among patients for at
least 15 out of 60 daily sessions. They will also be compensated
for the cost of travel to visit their patients (4 baht or US $0.12
per kilometer).

Apart from the assigned intervention, the care of the patients at
the TB clinic will remain the same asthat during routineclinical
practice. In the event of any suspected adverse events, the
patients or their familieswill be able to phonethe TB clinic for
advice.

Assigned I nterventions
Individual Level

VOT for Patients

After registration, TB patients in the VOT jurisdiction will be
trained by the TB nurse regarding how to log into the TH VOT
system through the official LINE app, and record and upload a
drug-taking video session according to the standard operating
procedure (SOP) [7]. Briefly, the patients must set their video
frame for clear visibility of their face. All tablets and capsules
should also be clearly visible. Patients should pick up the pills
fromthe drug plane (see[7]) and put them on their tongue. Next,
they should swallow the pills with clear water from a (clear)
glass, raise their tongue to show the sublingual area, and stick
out their tongue to show the palate area.

DOT for Patients

For patientsin the DOT jurisdiction, the TB nurse will provide
abooklet for recording daily drug intake and whether theintake
isobserved by the assigned observer. The TB nursewill request
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the patients to return the booklet and al zipped bags on the
follow-up day to claim their compensation. Each weekend, the
auditor will notify the patients to capture and send the most
recent page of the booklet to the official LINE chat, to which
the observers do not have access.

Cluster Level

VOT for Observers

To avoid alearning curve on the VOT side, the observers will
be trained to demonstrate to the patient on how to correctly
record and approve the recorded video according to the SOP
[7]. They will berequired to undergo real or simulated activities
for 1 month before the trial [9].

After being notified about patient recruitment, the observers
will visit patients at home on the first day. They will confirm
whether the patient can record the video according to the SOP
[7]. The observer and the patient will set an appointment time
for medication administration. Next, the patient will keep a
daily record of the drug-taking session, note any adverse events,
and send the video to the observer through the TH VOT system.
The observer will review the video, approve the session, and
provide any necessary advice through the LINE chat box. The
observer will follow up with a phone call if the patient failsto
send the video within 30 minutes of the appointment.

DOT for Observers

Based on the guideline provided by the National Tuberculosis
Information Program (NTIP) [19], which specifiesthat only the
observer takes notes, we added an instruction regarding TB
patients self-recording their daily drug-taking session.

After being notified by the automatic system, the observer will
conduct home-visit DOT as routine treatment. To validate the
observer's recorded information, every weekend, the patient
and the observer will be requested to take a photo of the most
recent page of the booklet and send it to the auditor through the
TH VOT official LINE system. The auditor will review these
and record the number of daily compliant sessions in the
database.

Proceduresfor the Auditor to Review Each
Video/Picture Session

Sessionsin the VOT Group

“Day” will beused asthetime unit for judging compliance, and
local times (Greenwich Mean Time+7 hours) will be recorded.
The morning will begin at 12 AM (midnight) and the evening
will end at 11:59 PM. However, daily compliancewill bejudged
as “achieved within the cut-off time” if the patients take their
medication and submit their videos before 6 AM the following
day. The auditor will assess daily video sessions for patients
within 24 hours of the video upload. Assessment itemsinclude
whether the VOT has been administered, if the patientsfollowed
the SOP, and whether they were observed as per the protocol
or properly reminded by their observer. The auditor will interpret
each session based on the SOP modified from the previous study

[9.

The patient will be considered to have daily compliance if the
video is sent within the stipulated time and if its quality meets
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the following criteria: (1) the patient’s face and the drug
tablets/capsules are clearly visible in the video frame, (2) the
pillsare picked up from the drug plane and placed on thetongue,
(3) the pills are swallowed with water from a (clear) glass, (4)
the tongue is raised to show the sublingual area and stuck out
to show the palate area, and (5) steps 2 to 4 are repeated until
all pills are consumed.

The observers will be considered compliant if they adhere to
the following quality standards: (1) correctly assess whether
the patient performs the aforementioned steps, (2) note the
number of pills consumed by the patient in the video correctly,
and (3) follow up with patients via phone callsif they perform
any procedure incorrectly. The TH VOT system can detect
whether the observers have already made a phone call to their
patients.

The daily session scored by the auditor will be recorded as 1
for daily compliance or 0 otherwise. The approval platform of
the TH VOT system will automatically save all lists of the steps
approved and the daily compliance scoreto the server database.
If a patient does not record a video following the SOP, the
auditor will make a phone call to remind the observer to correct
the patient’s mistakes. If a patient does not send a video for 7
consecutive days, they will be considered to have discontinued
theintervention.

Sessionsin the DOT Group

The auditor will score the daily compliance weekly based on
the booklet photos sent by the TB patients and their observers.
The patients will be considered to have daily compliance as
reported (no audit). The auditor will make a phone call to the
TB patients to confirm if they were observed as reported by
their observer and to remind them to safely store the booklet
and all zipped bags received from the TB clinic. If the patients
report that they were not observed, the auditor will further
investigate and record the observer’'s actions such as making
phone calls instead of in-person visits to check patients' daily
drug administration, missing patient appointments, or
performing activities not included in the in-person DOT
protocol.

A daily session reported by the observer will be scored as 1 for
daily compliance as confirmed by the patients and O otherwise.
If apatient missesaphone call twice or losesthe booklet and/or
the blank zipped bags, they will be discontinued from the
intervention and their daily scores of the previous 7 days will
be 0. All scored sessions will be recorded in the DOT record
system of the server. The activities of observers not included
in the in-person DOT will aso be recorded.

Follow-ups

Each patient will be scheduled to return to the TB clinic for a
follow-up on the 61st day. One day before the scheduled visit,
the TB nursewill remind the patient in the DOT group to return
the booklet and zipped bags. A deep-cough specimen will be
collected early in the morning for 3 consecutive days. The
sputum specimenswill then be sent for an AFB test. The patients
will berequested to notify their doctors about all adverse events
occurring from the start of the treatment. The doctorswill record
thereported adverse eventsin the electronic health record (EHR)
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system and suggest appropriate treatment. If a patient misses
their follow-up appointment, the responsible TB nurse will
contact them and record the reasons in the EHR.

Data Collection

Data regarding observational activities will be recorded in the
database, and data regarding clinical outcomes will be
documented inthe EHR system of theinvolved hospitals. These
recordswill beretrieved for analysis at the end of the follow-up.

Outcomes

Primary Outcomes

Data recorded by the auditor will be compiled to understand
the compliance of patients and observers in each arm. For
compliance of theindividual TB patients, the daily compliance
scores rated by the auditor will be summed and divided by 60
(for the 60 days of observation) to aobtain the percentage of
cumulative days with compliance. For the whole group of
patients, the mean cumulative number of compliance days will
be calculated, taking the clusters into account.

Similarly, for compliance of the individual observers, the daily
compliance score rated by the auditor will be calculated. The
individual compliance unit of an observer will be the number
of days each patient is actually observed. A higher number of
patient doses observed will increase the overall contribution of
the observer to the mean cumulative number of compliance
days for the whole group of observers (VOT or DOT).

Secondary Outcomes

The clinical outcomes retrieved from the EHR, conversion of
the AFB smear (three negative sputum smears as mentioned
above), reporting of adverse events, missing the follow-up visit,
and death during the 60-day follow-up period will be compared
between the two groups.

For adverse events, information retrieved from the EHR system
will be used to compare the reporting of adverse events by the
observersin both the VOT and DOT groups.

Sample Size

Each jurisdictional areacomprises 1000-5000 individuals. With
an approximately annual TB incidence of 130 per 100,000
individualsin SongkhlaProvince[20], the sample size estimate
is based on the assumption that each cluster can recruit
approximately 1 to 5 TB patients within 9 months.

This study is designed to detect the cumulative percentage of
compliant days of the observers in the VOT group for
comparison with those in the DOT group. In development of
the VOT, we conducted in-depth interviews of patients with
TB and their observers, and discovered that the patients had an
actual appointment for DOT only once during the entire
follow-up period [7]. According to our previous study [9], the
cumulative percentage of compliant days among patientsin the
VOT group was 65%. We assumed a difference in the
cumulative compliance percentage of 64% (65/100-1/60)%100.
We accepted 80% statistical power and a significance level of
.05 using a one-tailed test. We assumed an intracluster
correlation coefficient (ICC) of 0.2. We estimated that each
cluster would have approximately three patients during the
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study. The sample size was caculated using the
group-randomized control trial calculator [21]. The variance
was set to 1.00 as the default. The formula does not require an
exact variance estimation in the population asthe | CC takesthe
varianceinto account. The required number of clustersfor each
arm was 19. Thus, the number of TB patients in each group
would be 19x3=57. With a sample size inflation factor of 20%
to compensate for the uncertainty of TB incidence in each
jurisdictional area, a sample size of 70 TB patientsis required
in each arm.

Cluster Randomized Allocation

The observers that consent to participate will be randomly
allocated to either VOT or DOT by a file generated using R
software (R Foundation for Statistical Computing, Vienna,
Austria). The sequence will be stored in the study server.
Following the protocol of thistrial, the participating observers
will register themselves in the study LINE system. After they
pressthe“accept” button, the observerswill be informed about
their alocated intervention group through the study LINE
system.

Implementation of the Trial and Patient I nformation

The new patients with pulmonary TB will be recruited to the
VOT or DOT group by the TB nurse, depending on the
jurisdiction of residence of the observer.

The relevant information regarding the study will be provided
to potentia patients prior to the start of the trial, including
highlighting who can observe them taking their medication (ie,
their observer and the auditor) along with the possible assigned
interventions (VOT or DOT). The observer’sintervention group
will not be revealed before they consent to participate. If the
patients consent to participate, they will be assigned to the same
intervention group as the observer of their PCU. They will be
freeto refusetheintervention at any point, and those who refuse
or withdraw from the study will continue with traditional DOT
without study data collection.

Blinding

The observers will disclose their assigned intervention to the
auditor, TB nurses, and researchers. Next, the researchers will
train the VOT observers to familiarize them with the TH VOT
system [9]; the DOT observers will be requested to perform
traditional DOT as routine care. Thus, none of the researchers
or staff involved in the study will be blinded to the assigned
interventions.

Statistical Analysis

Background information of patients and observers will be
summarized using descriptive statistics.

An intention-to-treat analysis will be performed according to
the randomized allocation. Thus, participants will be classified
according to the intervention group to which they are assigned,
regardless of their actual intervention.

We will compare the percentages of compliance between the
two interventions at 60 days after treatment initiation. The
60-day compliance of the individuals will be defined as the
percentage calculated using the following formula: (mean
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cumulative compliance daysx100)/60. Our study is a cluster
randomized controlled trial; thus, the cumulative number of
compliant days of patients and observers will be nested in
clusters. We will analyze their 60-day compliance considering
that the same observer may monitor more than one patient. The
intervention effect will be based on alinear mixed-effects model
[22]. According to our study design, the intervention will be a
fixed effect, whereas the cluster level will be arandom effect.

The number of compliant days of patients and their observers
will be visualized using solid green dots indicating the daily
compliance of the individual subjects (Y-axis) and the elapsed
number of days since starting the medication (X-axis). To
investigate the dynamics of compliant days of the patients and
observersover time, the mean cumulative number of complaint
days within each group will also be plotted. The estimation of
mean cumul ative compliant days will range between 0 and 60,
with 60 indicating that all participantsin the group completed
their daily sessions for 60 days. The function will be plotted
using the mean cumulative number of compliant days (Y-axis)
and the elapsed number of days since the start of medication
administration (X-axis). |deally, asteady increasein linear trend
with a45° dlope indicates 100% compliance at any point from
0 to 60 days. Flattening of the dlope represents adecline in the
compliance percentage over time within the group.

Only descriptive statistical methods will be used on the
aforementioned clinical outcomes and noncompliance activities
of the observers because we may not have sufficient statistical
power to detect small differences.

Ethics Approval

The Human Research Ethics Committee, Faculty of Medicine,
Prince of Songkla University approved the trial on February
19, 2021 (approva number 64-03618-9).

Data Sharing

Data and programming R codes used in thistrial are available
in a GitHub repository [23].

Results

Thisstudy isbeing supported by the Fogarty International Center
and the US National Institute of Allergy and Infectious Diseases
of the US National Institutes of Health under Award Number
D43 TW009522 (June 14, 2021). The researchers and Deputy
Province Chief Medical Officer of Songkhla Provincial Public
Health Office came to an agreement on the implementation of
the VOT on June 22, 2021. Recruitment started in January 2022
and will end in July 2022. The observation period is scheduled
to end by September 2022.

Discussion

Summary

The DOT program is not sustainable in Thailand, especially
during the COVID-19 pandemic period. The VOT program is
agood aternativeto remotely observe TB patients. The present
trial will confirm whether compliance is better in observers
assigned to VOT than in observers assigned to standard

JMIR Res Protoc 2022 | vol. 11 | iss. 7 |€38796 | p.30
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

community-based DOT. The cluster randomized superiority
trial design will minimize confounding variables and strengthen
the evidence base for VOT.

Potential Strengths

This study will assess the compliance effect on both patients
and their observers in a cluster, which is more practical than
using an individual effect. Compliance of both patients and
observers under community-based DOT, which hasrarely been
studied, will be assessed in this cluster randomized superiority
trial. Although treatment group blinding is not possible [24],
both groups will be under the same level of monitoring by the
auditor. Thus, the Hawthorne effect will be balanced.

Previous VOT versus DOT comparative studies [10,11] have
been based on an overall assessment, including ordinary
percentage of compliance. Our mean cumulative function
analysis will determine periods with weak compliance. This
can be used to reinforce observation compliance in the future.

Limitations

Compliance of the patients in the VOT group will be directly
recorded in the video records, which are accurate. However,

Kumwichar et d

compliance in the DOT group is only based on the patient’s
report, which is not verifiable. The comparison is limited by
the quality of compliance ascertainment inthe DOT intervention
group. The compliance of the DOT group may be overreported.
If the compliance on the DOT side is lower than that on the
VOT side, VOT would definitely be superior to DOT.
Otherwise, the comparison may not be fully conclusive.

Themain limitation isthat the TB patientswill not be followed
up until the end of the treatment. The trial period is limited to
the first 2 months of TB treatment (the intensive phase) owing
to budget limitations. Sputum conversion is an uncertain
surrogate of successful treatment. However, numerous studies
have shown that sputum conversion is well-correlated with
successful treatment [25-29].

Conclusion

The study should provide evidence to determine whether anew
policy for using VOT instead of traditional DOT for TB patients
who own smartphones could improve the accountability of TB
treatment monitoring. If the VOT intervention is shown to be
superior to the community-based DOT intervention, we will
advocate for VOT to replace the existing DOT.
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Abstract

Background: Accessto rehabilitation to support cancer survivors to exercise is poor. Group exercise—based rehabilitation may
be delivered remotely, but no trials have currently evaluated their efficacy.

Objective: We aimed to evaluate the efficacy of a group exercise—based cancer rehabilitation program delivered via telehealth
compared to usual care for improving the quality of life of cancer survivors.

Methods: A pardlel, assessor-blinded, pragmatic randomized controlled trial with embedded cost and qualitative analysis will
be completed. Intotal, 116 cancer survivorswill berecruited from ametropolitan health network in Melbourne, Victoria, Australia.
The experimental group will attend an 8-week, twice-weekly, 60-minute exercise group session supervised viavideoconferencing
supplemented by a web-based home exercise program and information portal. The comparison group will receive usual care
including standardized exercise advice and written information. Assessments will be completed at weeks 0 (baseline), 9 (post
intervention), and 26 (follow-up). The primary outcome will be health-related quality of life measured using the European
Organisation for Research and Treatment of Cancer Quality of Life Questionnaire at week 9. Secondary measuresincludewalking
capacity (6-minute walk test), physical activity (activPAL accelerometer), self-efficacy (Health Action Process Approach
Questionnaire), and adverse events. Health service data including hospital length of stay, hospital readmissions, and emergency
department presentations will be recorded. Semistructured interviews will be completed within an interpretive description
framework to explore the patient experience. The primary outcome will be analyzed using linear mixed effects models. A
cost-effectiveness analysis will aso be performed.

Results: Thetrial commenced in April 2022. As of June 2022, we enrolled 14 participants.

Conclusions: Thistrial will inform thefutureimplementation of cancer rehabilitation by providing important dataabout efficacy,
safety, cost, and patient experience.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12621001417875; https://tinyurl.com/yc5crwtr
International Registered Report Identifier (IRRID): PRR1-10.2196/38553
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Introduction

There are clear clinical practice recommendations to integrate
exercise-based rehabilitation into cancer care [1,2]. However,
access to exercise-based cancer rehabilitation is poor with just
1in 200 cancer survivors ableto access appropriate support [3].
Thisisamajor concern given that exercise-based rehabilitation
mitigates negative side effects of cancer treatment such as
fatigue and depression and improves physical function and
quality of life [4]. High levels of exercise after diagnosis can
reduce the risk of developing comorbidities such as
cardiovascular disease and is associated with a reduction in
cancer-related death [5] and cancer recurrence [6].
Exercise-based cancer rehabilitation can facilitate the return to
normalcy and establish positive lifestyle changes to prevent
long-term morbidity [7].

In-person interventions are the standard for delivering
exercise-based cancer rehabilitation. While effective at
improving patient outcomes, in-person exercise-based cancer
rehabilitation programsdelivered in clinical settings often have
poor adherence and attendance [8,9] owing to patient-related
issues such as fatigue [10] and managing competing medical
demands [11]. Other issues that can limit access and diminish
the effectiveness of exercise-based cancer rehabilitation include
logistical problems such as cost, parking, and location [3,11,12].

Telehealth may overcome barriers related to in-person care
delivery.  Telehealth uses technologies such as
videoconferencing, telephone, and mobile apps for diagnosis,
treatment, and prevention of disease [13]. An advantage of
telehealth is convenience, and it has been described by cancer
survivors as minimizing the treatment burden [14].
Rehabilitation delivered by telehealth (hereafter referred to as
“telerehabilitation”) can be used to implement the key elements
of cancer rehabilitation including exercise demonstration,
instruction, observation, and information provision. The
feasibility of telerehabilitation has been established in a cancer
context. Telerehabilitation interventions are safe, have good
adherence, and provide a positive patient experience among
cancer survivors[15,16]. Individual telerehabilitation improves
physical activity levels and quality of life of cancer survivors
when compared to usual care without exercise [17-19]. A
phone-based tel erehabilitation intervention compared with usual
care focused on pain reduction, improved mobility, reduced
pain, and hospital length of stay in people with advanced cancer
[20]. However, despite the broad variety of telehealth
technologiesthat are available, most trialsinvestigating exercise
telehealth interventionsfor people with cancer have used smple,
individual telephone interventions [21-24].

https://www.researchprotocol s.org/2022/7/€38553

Current telehealth approaches to exercise rehabilitation are
limited in their ability to replicate traditional cancer
rehabilitation. To date, no trials have evaluated the effectiveness
of web-based group exercise for people with cancer [15,23].
Group exercise interventions may be superior to other exercise
interventions [25] and are the most common way to deliver
cancer rehabilitation in health services [3]. Groups provide a
positive environment for exercise for cancer survivors [7] and
allow opportunities for peer support, modeling, and feedback
[26]. Groups are aso an efficient way to deliver exercise that
may facilitate access and be less resource-intensive on health
services. Thereis potential for exercise groups to be delivered
viatelehealth as videoconferencing technology can enable the
supervision of multiple participants. Since the COVID-19
pandemic, there has been a surge in the use of telehealth such
asfor the provision of group exercise[16,27]. Therefore, robust
trials of group telerehabilitation including exercise for cancer
survivors are required to determine their efficacy and
effectiveness.

The primary aim of this pragmatic randomized controlled trial
isto evaluate the efficacy of an exercise-based telerehabilitation
program compared to usua care for improving the quality of
life of cancer survivors. Secondary aims are to compare the
effects of cancer telerehabilitation on walking capacity, physical
activity levels, self-efficacy, and adverse events. We will also
determine the costs associated with telerehabilitation and
explore, in depth, the experience of cancer survivors completing
cancer telerehabilitation.

Methods

Study Design

We will complete a prospective, paralel, assessor-blinded,
pragmatic randomized controlled trial comparing the efficacy
and cost-effectiveness of 8 weeks of group exercise—based
cancer telerehabilitation to usual care (see Figure 1 for the study
flowchart). Participants will be assessed at weeks 0 (baseline),
9 (post intervention), and 26 (follow-up) (Multimedia Appendix
1). Quantitative trial outcomes will be reported in accordance
with the CONSORT (Consolidated Standards of Reporting
Trials) statement [28], qualitative outcomes reported with
consolidated criteriafor reporting qualitative research [29] and
health economic analysis reported with the Consolidated Health
Economic Evaluation Reporting Standards[30]. The quditative
component of the study will be conducted using an interpretivist
paradigm, which recognizesthat multiplerealities exist and this
is affected by context [31].
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Figure1l. CONSORT (Consolidated Standards of Reporting Trials) diagram for the TeleCaRetrial. ED: emergency department; GP: general practitioner.
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Randomization Procedures

Eligible partici pantswho have completed baseline measurements
will be randomly allocated to the telerehabilitation group or
usual care control group using aconcea ed method in accordance
with aweb-based computer-generated randomization program
using permuted blocks of 4, 6, and 8 participants. Allocations
will be prepared prior to trial commencement by an independent
researcher with no role in participant recruitment, trial
administration of intervention delivery, or assessments. The
trial coordinator will alocate participants after baseline
assessment by contacting the independent researcher via email
for random group allocation.

https://www.researchprotocol s.org/2022/7/€38553

RenderX

Setting

Thetria will be conducted in alarge public health network in
Melbourne, Victoria, Australia, which services approximately
3000 cancer survivors annually. Participants will be recruited
from cancer services at 3 metropolitan sites within this single
health network.

Ethics Approval

The TeleCaRe tria has been approved by the Eastern Health
and La Trobe University Human Research Ethics Committees
(E21-012-74698) and isfunded by the Victorian Cancer Agency.
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Patient Selection and Consent

Eligible participants will be identified by any member of the
cancer services clinical team at the health network (eg,
oncologists, nursing staff, and physiotherapists). Potential
participantswill be advised about thetrial by clinic staff verbally
or through flyers. If apatient consents, he/shewill be contacted
by a member of the research team who will provide details of
the trial and arrange an outpatient appointment at home or at
the clinical site to provide an opportunity for questions to be
clarified and to provide written informed consent.

Inclusion and Exclusion Criteria

Participants will be eligibleif they are aged 18 years and over,
have a cancer diagnosis and are receiving cancer treatment
(palliative or curative intent) or are within 12 months of
compl eting adjuvant therapy (except for long term oral hormonal
therapies), are functioning independently in the community
(Australian Karnofsky Performance Status [AKPS] score=60),
are at alow risk of falls (Falls Risk for Older People in the
Community score<4), are able to speak conversational English
so participants can engage effectively in videoconferencing,
have accessto and be willing to use the internet, and be able to
give written informed consent.

Participants will be excluded if they are medically unfit to
participate in exercise as determined by a physiotherapist or
medical practitioner on the basis of published recommendations
[32], areresiding in residential care or are an inpatient, or have
cognitive impairment precluding the ability to provide written
informed consent as assessed by their treating clinician.

Intervention

All participants will receive their usual medical care, which
may include adjuvant, neoadjuvant, or palliative treatment,
specialist, nursing and other health outpatient appointments (eg,
to see a physiotherapist) and visitsto their general practitioner.

Aspart of thetrial, all participantswill be provided with written
educational materials relating to different aspects of cancer
recovery (eg, exercise, nutrition, and fatigue) via standardized
print or digital material readily available from the hospital.

Usual careinthe community involvesvery little exercise support
in relation to exercise. As part of the trial, usual care aso
includes standardized verbal and written advice to complete
physical activity in line with current recommendations (aim for
3timesweekly exercisefor 30 minutes, including twice weekly
strength training) [4]. All participants will also have the
opportunity to discuss their ongoing rehabilitation needs at the
end of the 8-week intervention period. They will be provided
written information for referral to appropriatelocal servicesfor
ongoing support if required in line with usual practice at the
health service.

https://www.researchprotocol s.org/2022/7/€38553
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Experimental Group: Exercise-Based Cancer
Telerehabilitation

In addition to usual care, participants randomized to the
experimental group (telerehabilitation) will receive a60-minute
group exercise deivered by a physictherapist via
videoconferencing (Zoom) twice-weekly for 8 weeks. Exercise
will comprise cardiovascular and resistance training guided by
published recommendations [4]. Exercise sessions will be
individually tailored and include the use of free weights,
resistance bands, body weight, and functional activities.
Supervised aerobics (eg, marching in place and side-stepping)
will comprise the cardiovascular component. Participants will
be provided with an exercise band, and the exercise program
will be supplemented by participants’ own exercise equipment
or household items. The therapist will choose an exercise
variation (eg, bicep curl using weights or with exercise band)
based on the equipment available to the participant. Various
upper- and lower-body stretches and balance exercises will be
incorporated as required. Exercise intensity will be monitored
during the exercise class using a Fitbit device (Fitbit Inspire)
and modified Borg scale. The Fitbit will aso be used for
participants to self-monitor their physical activity levels
throughout the 8-week intervention. A home exercise program
will supplement exercise-based telerehabilitation sessions and
be delivered via a web application (Physitrack). The home
exercise program will encourage one additional 30-minute
aerobic exercise session per week (eg, walking) during the
intervention period and will be updated at the end of the
rehabilitation program to encourage participants to conduct
twice-weekly strength training and 3 times weekly aerobic
training after the 8-week intervention period. Participants will
also be provided education materialsrelating to different aspects
of cancer recovery (eg, nutrition, emotions, and fatigue) viaa
web-based information portal (iLearn, Totara Learning
Solutions, Wellington, New Zealand) (Table 1).

Physiotherapists conducting assessments and providing the
exercise intervention will be trained in exercise rehabilitation
for cancer survivors. They will participatein a 1-day web-based
training session about cancer care and complete a self-directed
web-based module about cancer-related fatigue management.
They will also participate in 2 interactive 2-hour in-person
workshops about exercise prescription for cancer survivors.
They will also have access to a website [33] that provides
education for clinicians providing exercise-based cancer
rehabilitation. Physiotherapists will receive monthly clinical
supervision in line with heath service policy and regular
mentoring with senior research staff. The fidelity of the
intervention will be monitored by recording the content of
exercise sessions using logbooks, including the number and
duration of completed sessions. Participantsin both groupswill
aso be asked whether they received any exercise-based
intervention outside of the trial at the 9-week assessment and
4-month follow-up.
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Table 1. Intervention and comparison group descriptions using the template for description and replication checklist (TIDier).

Experimental group

Comparison group

Brief name

Why

What: materials

What procedures

When and how much

Provider

How

Where

Intensity

Fregquency

Session time

Overall duration

Tailoring

Group exercise-based cancer telerehabilitation

Exerciseinterventions delivered viatelehealth can be safe and effec-
tive for improving the quality of life of cancer survivors and offer
convenience

2x weekly web-based supervised, group-based exercise (approximate-
ly 6 participants per group; Zoom)

Participants will be provided with an exercise band

Participantsto receive aweb-based (Physitrack), individualized home
exercise program, and exercise band

Participants to receive access to a web-based information portal
(iLearn) with webinars, web-based information handouts, and re-
sources about cancer care and recovery including exercise
Participants will wear a physical activity device (Fitbit Inspire) con-
tinuously during waking hours for 8 weeks

Written information about local exercise servicesprovided at 8 weeks

One physiotherapist with oncology experience provided by the hos-
pital will provide exercise guidelines in verba and written format
and the web-based group intervention

Oneallied health assistant will support the web-based group interven-
tion

Supervised sessionsviavideoconference supplemented by web-based
information above

Physical activity device for remote exercise and physical activity
monitoring

Intervention clinicians are clinic-based

Participants receive an exercise program at home

Participants continue to receive usual cancer care in hospital or at
home as indicated

Cardiovascular: moderate (BORG 3-5, maximum heart rate=60%-
85%)

Resistance: 2-3 sets with 10-12 repetitions

Participants progressed when completing 3 setswith 10-12 repetitions
until fatigue

2x weekly supervised
1x weekly unsupervised

60-minute web-based exercise group
30-minute unsupervised exercise session

8 weeks

Individualized exercise program based on initial consultation and
goals

Usual care

Cancer survivors are not routinely offered
cancer rehabilitation

Standard information bookl ets about cancer
care and recovery including exercise
Written information about local exercise
services provided at 8 weeks

Usua care team (eg, specialist, general
practitioner, and alied health professional)
One physiotherapist with oncology experi-
ence provided by the hospital will provide
exercise guidelinesin verbal and written
format

In person or viatelehealth as available

Participants receive usual carein hospital or
at home as indicated

Advised to undertake physical activity in
accordance with current physical activity
recommendations: advised to undertake
physical activity in accordance with current
physical activity recommendations
Moderate activity (cardiovascular: maximum
heart rate=60%-85%, resistance=2-3 sets,
10-12 repetitions)

Advised to participatein 3x weekly unsuper-
vised physical activity

Advised to complete 30-minute unsupervised
physical activity

8 weeks

None
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Experimental group

Comparison group

Trial fidelity .

group sessions

«  Clinical supervision of therapistsin accordance with standard health

service policy

.  Exerciseinterventions that patients have participated in outside of

thetrial will be recorded

Physiotherapists who are employed by the health service to provide «
the intervention will receive training and mentoring by a senior re-
search physiotherapist with oncology experience

«  Electronic exercise log viathe Physitrack app and Fitbit Inspire

«  Recordsof the content, number, and duration of completed web-based

Physiotherapists who are employed by the

health serviceto provide assessment and ad-

vice will receive training and mentoring by

asenior research physiotherapist with oncol -

ogy experience

«  Clinical supervision of therapistsin accor-
dance with standard health service policy

o  Exerciseinterventions that patients have

participated in outside of the trial will be

recorded

Study Outcomes

Participants will complete an assessment of health-related
quality of life a weeks O, 9, and 26. Immediately post
intervention (week 9) isthe primary end point. Walking capacity

Table 2. Primary and secondary outcomes.

and self-efficacy will also be assessed at weeks 0 and 9. Physical
activity and health service usage utilization will be assessed at
weeks 0 and 26. A clinician blind to group allocation will
compl ete the assessments. Primary and secondary outcomesare
outlined in Table 2.

QOutcomes Measures or sources

Definitions Time points

Primary outcome

Health-related quality of life European Organisation for
Research and Treatment of
Cancer Quality of Life

Questionnaire
Secondary outcomes

Physical activity activPAL accelerometer

Physical capacity 6-Minute walk test

Self-efficacy for physical activity Questionnaire developed
using the Health Action
Process Approach [34]

(Multimedia Appendix 2)

Emergency department presentations  Hospital database and elec-

tronic medical record

Hospital readmissions Hospital database and elec-

tronic medical record

Heslth service utilization Questionnaire (Multimedia

Appendix 3)

Audit of exercise interventions Questionnaire

Scoreonthevalidated quality-of-lifequestionnaire «  Week 0
beforeand after theintervention. Primary end point «  Week 9
is postintervention. o Week 26
Time spent in moderate to vigorous activity, walk- «  Week 0
ing, sitting, and step count before and after thein- «  Week 26
tervention. Participantswill wear the activity mon-

itor continuously for 8 consecutive days. Only

complete 24-hour recording days will be included

for analysis. However, as monitors may need to be

removed for the purpose of swimming or bathing,

evidence of nonwear matching with an activity

logbook will still be included.

Walk distance (in meters) before and after theinter- «  Week 0
vention. o Week9
Score on the self-efficacy questionnairefor physical «  Baseline
activity before and after the intervention. o Week9
Number of emergency department presentations «  Week 26
during thetrial period.

Number of hospital readmissionsduring thetrial  «  Week 26
period, associated inpatient days, and duration be-

tween with each admission.

Frequency of allied health and medical services, «  Week 0
pharmaceutical use, and hospital admissions (exter- «  Week 26
nal to the health network).

Frequency, type, and duration of any exerciseinter- «  Week 9
ventions completed outside the trial. o Week 26

Adverse events as defined by the World Health Organization
[35] will be recorded from medical records, direct observation
during classes, and by participant self-report to document the
safety of the intervention. The event may or may not be related
to the intervention but occurs while the person is participating
in the intervention phase of the trial. Adverse events will be

https://www.researchprotocol s.org/2022/7/€38553

categorized as either minor or seriousand asrelated or unrelated
and expected or unexpected events. A minor adverse event is
defined as an incident that occurswhile aperson is participating
in the intervention that resultsin no injury or minor injury (eg,
exacerbation of pre-existing musculoskeletal pain) that requires
no or minor medical intervention. A serious adverse event is

JMIR Res Protoc 2022 | vol. 11 | iss. 7 |[e38553 | p.39
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

defined asanincident that occurswhile aperson is participating
in the intervention that results in death, serious injury, or
hospitalization (eg, injurious fall resulting in fracture). Serious
adverse events will also be recorded for the usual care group.
In addition, adverse events will be reported and graded using
the Common Terminology Criteriafor Adverse Events Version
4 [36]. The consequences of a serious adverse event in the
control group (eg, hospitalization and emergency department
admission) will be captured by our health service utilization
guestionnaire and medica record audit. Reasons for
nonparticipation in an exercise session or noncompl etion of the
program will be recorded (eg, pain, fatigue, and unwell).

Consumer Perceptions

Semistructured interviews will be completed on 2 occasions
(immediately after the intervention at week 9 and at week 26)
with experimental group participants to explore in detail the
experience of people participating in exercise-based cancer
telerehabilitation and of behavior change. A purposive sample
of participants in the telerehabilitation group will be asked
guestions relating to satisfaction, barriers, and facilitators to
accessing cancer telerehabilitation and perceptions about
sustaining physical activity on program completion. The same
group will be interviewed at both time points. We will conduct
interviews until we reach data saturation; that is, until no new
ideas emerge from the data [37]. It is anticipated that this will
be achieved by interviewing approximately 20 participants based
on our previous qualitative studies of cancer rehabilitation
[7,11]. Interviews of approximately 45-minute duration will be
conducted in person, via the telephone, or through
videoconference, if preferred, by amember of the research team.
A different interview schedule at each time point (Multimedia
Appendix 4) will be given to participants prior to the interview
to alow them to prepare.

Other routinely collected data will be used to describe the
sample, including age, gender, cancer type, cancer stage,
treatment regimens, comorbidities, baseline functional
performance status (AKPS), and baseline BMI.

Sample Size Estimation

It is estimated that 104 participants will be required to
accomplish apower of 0.80 and a2-tailed a level of .05 to detect
abetween-group difference of a10-point changeinthe EORTC
QLQ-C30 score [38] (the minimally important difference
established for cancer survivors) assuming an SD of 18 points
[39]. Based on our previous trial of cancer rehabilitation [39],
we expect adropout of 10%,; therefore, 116 participantswill be
randomized.

Statistical Analysis

Analysis of Quantitative Data

The primary outcome (postintervention global health—related
quality of life) will be analyzed using linear mixed effects
models. Modeling will account for variation in baseline val ues.
This method accounts for within-participant dependence of
observations over time, and for missing data, allowing some
participants to have missing observations at certain time points.
If more than 5% of data are missing, a multiple imputation

https://www.researchprotocol s.org/2022/7/€38553
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process will be used, providing the assumption that data are
missing at random is met. A similar approach will be used for
analysis of secondary continuous outcomes collected
longitudinally. Thetime spent in moderateto vigorous physical
activity will be estimated using a cut-off of 100 steps per minute
for moderate-intensity physical activity [40]. The proportion of
participants meeting physical activity guidelines will be
described and compared using risk ratios. The number of
emergency department and hospital admissionswill be reported
as an incidence rate ratio using a negative binomial regression
model. To avoid bias and to maximize the randomization
process, all available data will be analyzed in accordance with
allocation (intention-to-treat analysis) regardless of adherence.

Total direct costs to the health service for each participant will
be determined from the intervention costs and cost of health
services utilized over 6 months as recorded from hospital
administrative dataand health service utilization questionnaire.
Costs associated with delivering telerehabilitation will be
attributed to the experimental group and cost associated with
usua care will be attributed to the comparison group. These
will be determined from aregister of staff and the time engaged
in telerehabilitation or usual care for each participant. Labor
costs will be attributed to the staff member and the cost of the
telerehabilitation intervention and usual care (based on time
and location) to determine a total intervention cost for each
participant as well as infrastructure costs. Total costs for each
participant will be determined from the intervention costs, the
cost of health services utilized over 6 months for experimental
group participants, and the cost of health services utilized over
6 months for comparison group participants. The incremental
cost-effectiveness ratio will be calculated as the difference in
total program and health service costs per mean difference in
the global quality-of-life score between the comparison and
experimental groups over 6 months. A cost utility ratio will be
caculated on the basis of the EORTC-QLQ C30 global
quality-of-life score [41] as the change in total program and
health service cost per change in quality-adjusted life years
saved in the experimental and comparison groups over 6 months.

Analysis of Qualitative Data

Qualitative interview data will be analyzed inductively using
interpretive description as a theoretica framework [42].
Interviews will be audio-recorded and transcribed verbatim.
Transcriptswill be provided to participantsto check for accuracy
and be given the opportunity to add additional content if they
wish. Transcribed interviews will then be deidentified and
imported into qualitative analysis software (NVivo [43]). Two
researcherswill read the interviews and assign codesto sections
of the text using an inductive approach, independently. They
will then look for connections between and within the data to
identify and develop main themes and subthemes using
reflective thematic analysis [44]. Once the main themes are
decided upon, oneresearcher will go back and selectively search
for text on those themes. Data will be documented using an
audit trail including rich and thick descriptions to enhance
credibility, trustworthiness, and dependability.
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Results

The trial was funded in April 2021 and registered on October
21, 2021. Participant recruitment commenced in April 2022.
As of June 2022, a total of 14 participants were enrolled.
Recruitment is expected to conclude in late 2023 and results
are expected to be published in 2024.

Discussion

Principal Findings

Itishypothesized that patients receiving cancer telerehabilitation
will demonstrateimprovementsin health-rel ated outcomeswhen
compared to usual care without rehabilitation. It is also
hypothesized that a cancer telerehabilitation model will be
cost-effective and demonstrate high patient satisfaction. These
findingswill inform future devel opment of cancer rehabilitation
programs in hospital-based settings, contributing to the global
effort to integrate exercise-based rehabilitation into standard
cancer care [1]. Telehealth may be a convenient and effective
way to increase access to exercise. However, no previous
randomized controlled trials have evaluated supervised,
web-based group exercise viavideoconferencing in areal-world
health setting [15,24]. Thistrial will compare acomprehensive,
exercise-based cancer telerehabilitation program, delivered in
asupervised group and usua care on patient and health service
outcomes within a pragmatic health service setting.

There are many possible advantages of exercise-based cancer
telerehabilitation. Most notable is the possibility to reach a
broader population of cancer survivors. Many existing cancer
rehabilitation programsare centered in metropolitan areas[3,45];
hence, thereis potentia to improve access for thosein regional
and rural areas. Telerehabilitation also may provide an extra
element of convenience for a population that usually hasahigh
number of competing medical demands [11]. However, the
convenience of telerehabilitation may be countered by the
inability to provide exercise interventions with hands-on
instruction and the use of specific equipment. There may also
be additional challenges related to supervision and exercise
monitoring, which may affect the fidelity of telerehabilitation.
Despite this possible concern, tel erehabilitation generally meets

Dennett et d

consumer needs [46], and patients have positive views of this
type of service delivery [15,16].

Strengthsand Limitations

A strength of this study is the inclusion of health service data.
Few studies on cancer rehabilitation include end points
meaningful to health services such as hospital length of stay,
readmissions, health service utilization, and medication use
[47]. This is an issue since costs are a key driver of
decision-making in health care. Telerehabilitation has been
demonstrated to reduce hospital readmissions compared to usual
care in people with advanced-stage cancer and has shown cost
savings in other chronic disease settings [48-50]. If shown to
be cost-effective, results from this trial may encourage greater
implementation of telerehabilitation in cancer settings to
improve access to exercise for cancer survivors.

The pragmatic nature of this study implies that a possible
limitation is the requirement of participants to have access to
their own technology infrastructure to support telehealth. This
may bias the population to include participants who have high
levels of digital health literacy and access to technology.
However, 86% of Australian households have access to the
internet, with 91% of them using smartphones and 66% using
tablets[51]. Thisapproach isalso consistent with the likelihood
that future implementation of tel erehabilitation programswould
be targeted toward people who own suitable devices and have
internet access. This trial also does not consider other models
of rehabilitation such as 1:1 care. Given that high levels of
supervision areimportant for effectively delivering exercisefor
cancer survivors [4], possible effects of the telerehabilitation
intervention may be diluted owing to the inability to interact
1:1 in aweb-based group setting. To account for this, the staff
ratio has been kept high to support technology and practical
difficulties that patients may encounter.

Conclusions

Telerehabilitationisarapidly growing areathat may have many
positive impacts among cancer survivors. This tria has the
potential to inform future models of cancer rehabilitation, which
can be implemented in health services to improve access to
exercise for cancer survivors.
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Abstract

Background: Loneliness, or perceived social isolation, isprevalent in both the general population and clinical practice. Although
loneliness has repeatedly been associated with mental and physical health, research on interventions that reduce loneliness
effectively is still rather scarce.

Objective: This study aims to evaluate the efficacy of a guided and an unguided version of the same internet-based cognitive
behavioral self-help program for loneliness (SOLUS-D) for adults.

Methods: A total of 250 participants will be randomly assigned to 1 of 2 intervention groups (SOLUS-D with guidance or
SOLUS-D without guidance) or await-list control group (2:2:1 allocation ratio). Adult participants experiencing high levels of
loneliness will be recruited from the general population. Individuals currently experiencing at least moderately severe depressive
symptoms, an ongoing severe substance use disorder, previous or current bipolar or psychotic disorder, or acute suicidality will
be excluded from the trial. Assessments will take place at baseline, 5 weeks (midassessment), and 10 weeks (postassessment).
The primary outcome is loneliness assessed using the 9-item University of California, Los Angeles Loneliness Scale at the
posttreatment time point. Secondary outcomes include depressive symptoms, symptoms of social anxiety, satisfaction with life,
social network size, and variables assessing cognitive bias and social behavior. The maintenance of potentialy achieved gains
will be assessed and compared at 6 and 12 months after randomization in the 2 active conditions. Potential moderators and
mediators will be tested exploratorily. Datawill be analyzed on an intention-to-treat basis.

Results:  Recruitment and data collection started in May 2021 and are expected to be completed by 2022, with the 12-month
follow-up to be completed by 2023. As of the time of submission of the manuscript, 134 participants were randomized.

Conclusions: This 3-arm randomized controlled trial will add to the existing research on the efficacy of lonelinessinterventions.
Furthermore, it will shed light on the role of human guidance in internet-based treatments for individuals with increased levels
of loneliness and the possible mechanisms of change. If SOLUS-D proves effective, it could provide alow-threshold, cost-efficient
method of helping and supporting individuals with increased levels of loneliness.

Trial Registration: ClinicalTrials.gov NCT04655196; https://clinicaltrials.gov/ct2/show/NCT04655196
International Registered Report Identifier (IRRID): DERR1-10.2196/36358

(JMIR Res Protoc 2022;11(7):€36358) doi:10.2196/36358
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Introduction

Background

Loneliness, or perceived social isolation, is a common
phenomenon observed in clinical practice and in the general
population. Some authors have even considered it an epidemic
phenomenon [1]. Although an increase in the prevalence of
loneliness has been observed after the onset of the COVID-19
pandemic and the accompanying social distancing measures
[2,3], loneliness was a prevalent phenomenon even before. The
prevalence of loneliness varies substantially among European
countries[4]. Inthe general German population, 5% to 10% of
individuals frequently experience feelings of loneliness [2,5],
and arecent cross-temporal meta-analysis revealed an increase
in loneliness in emerging adults over the past 40 years [6].
Within a representative German adult sample, loneliness was
prevalent in all age groups, with peaks in young adults (aged
approximately 30 years), in adults aged approximately 60 years,
and in the oldest adults (=80 years) [ 7]. Numerous studies have
shown negative physical and mental health consequences
associated with loneliness[8], and it isassociated with all-cause
mortality [9,10]. Consequently, loneliness has recently been
increasingly recognized as a public health concern that needs
to be addressed, leading to several national initiatives (eg, in
the United Kingdom and Japan) to tackle loneliness and
objective socia isolation on a societal level. Furthermore,
attempts have been made to develop and evaluate interventions
to reduce loneliness at the individual level. However, evidence
on what interventions work and for whom is still limited [11].

Conceptualizing L oneliness

Human connection is regarded as a basic psychologica need
[12]. Consequently, when this need cannot be met, feelings of
loneliness may arise. Peplau and Perlman [ 13] defined loneliness
as an aversive subjective experience resulting from a
discrepancy between actual and desired social relationships.
The quantity and quality of social contact seem to be relevant
in this regard [14]. This means that a person can feel lonely
despite having many socia relationships, whereas another
person with only a few meaningful connections may not feel
lonely. Therefore, it isessential to distinguish between loneliness
(ie, subjective social isolation) and objective social isolation.
Although lonelinessis often experienced as stressful, perceived
control over the frequency with which individuals socialize,
and the amount of time spent alone play an important role in
whether social isolation, living alone, or being aloneis perceived
as distressing [7]. Researchers have argued that it is necessary
to distinguish between different forms of lonelinessin terms of
the duration of the experience. For example, Young [15]
suggested differentiating among transient, situational, and
chronic loneliness. Transient feelings of loneliness are adaptive
in motivating individuals to reconnect with others [16] and
should not be considered pathological [17], whereas chronic
loneliness is a more stable condition expressed as difficulties
in engaging in satisfying social relationships. This experience

https://www.researchprotocols.org/2022/7/e36358

isintrinsically aversive and is associated with avariety of severe
consequences for physical and psychological health [18].

Maintaining Factors of Chronic L oneliness

According to the evolutionary theory of loneliness[16], transient
feelings of loneliness are adaptive by functioning as a signal
comparable with hunger or thirst, motivating individuals to
reconnect with others to increase the likelihood of survival.
However, some people get stuck in a vicious circle that
maintains feelings of loneliness, leading to chronic loneliness.
Cacioppo et a [16,19] outlined acognitive model of loneliness.
Themodel indicatesthat perceived social isolation causesinitial
social withdrawal, alowing one to observe and evaluate
immediate social situations through physical distance [20].
When perceiving oneself as socialy isolated, the motive for
self-preservation may increase, leading to heightened
hypervigilance for potential social threats and attacks [21,22].
Consequently, individuals perceive social stimuli as more
threatening, especialy when asituation is neutral or ambiguous.
Inlinewith this, individuals with increased levels of loneliness
have shown a negative hias in several phases of social
information processing (see the study by Spithoven et a [23]
for an overview). According to Cacioppo and Hawkley [19],
counterproductive social behavior, such as social avoidance or
preventive rejection of others, is reinforced by biased
information processing. Such behavior may help prevent further
rejection or attacks but may also hinder behavior that could
promote close satisfying social connections. In addition, the
results of severa studies show that individuals with chronic
loneliness may lack social skills, such as authenticity [24] or
self-disclosure [25,26], expressing emotions [27], or being
compassionate toward others and the self [28], which are
important in building close relationships [29-34]. Heightened
rejection sensitivity [22] and negative evaluations of others can
further foster negative experiences and expectations of social
interactions [35]. Hence, a lack of perceived social efficacy,
(ie, confidence in the ability to engagein social interactions or
initiate and maintain interpersonal relationships) can be reduced
in individuals with increased levels of loneliness [22,36,37].
The resulting social behavior hampers the forming of new
relationships and the deepening of existing relationships, leading
to more negativity and stronger feelings of loneliness.
Consequently, negative biases in social situations are further
increased, leading to avicious circle and, therefore, to chronic
loneliness.

Loneliness and Mental Disorders

Loneliness can be viewed as a transdiagnostic phenomenon
[38], which is frequent in various psychologica disorders and
psychopathological symptoms. For example, it has been found
to be associated with depression [39], psychosis [40], suicidal
ideation [41,42], and generalized anxiety [5]. Impaired sleep
quality and insomnia symptoms have also been repeatedly
reported in individualswith increased levels of loneliness[43].
Inlinewith these findings, lonelinessis associated with reduced
well-being [44]. Owing to the cross-sectional nature of most
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studies, the causality for the associations between loneliness
and mental health problems is often unclear. However,
reciprocal relationships have been found for a variety of
psychopathological symptoms, such as depressive symptoms
and symptoms of social anxiety [45-47]. Therefore, loneliness
can be considered a risk and maintaining factor of mental
disorders.

Interventions Against Loneliness

Loneliness, with its many detrimental effects on health, hasled
researchersto develop variousinterventions aiming to alleviate
the condition. In general, psychological interventions have been
found to reduce loneliness [48]. In an attempt to categorize
different approaches, Masi et a [49] identified four groups of
interventions that have been studied for loneliness. (1)
developing socia skills, (2) increasing social support, (3)
augmenting opportunitiesfor social interaction, and (4) changing
maladaptive social cognitions. Interventions focusing on and
changing social cognition were shown to bethe most promising
approaches compared with other intervention types[49]. A more
recent systematic review [11] corroborated these findings by
concluding that the most promising individual interventions
had focused on cognitiveinterventions. Theseresultsareinline
with the abovementioned cognitive model of loneliness,
according to which interventions need to address hypervigilance
to social threats and related cognitive biases that characterize
individual swith increased levels of londliness[16,19]. Recently,
there have been several systematic review updates on
interventions against loneliness in older adultsin general [50],
in individuals with mental health problems [51], and in
randomized controlled trials (RCTs) [38], with al 3 reviews
highlighting the largely unmet need for high-quality research
on psychological interventions for loneliness.

Internet-Based | nterventions for Loneliness

In recent years, cognitive behavioral therapy (CBT) has been
applied as internet-delivered CBT (ICBT). Location- and
time-independent use, high degree of anonymity and privacy,
and low costs because of easy scalability are some of the
advantages of ICBT [52]. Although most people are familiar
with feelings of loneliness, it often has a negative connotation
and is stigmatized [53]. Thus, low-threshold access to
interventions may be especially helpful for individuals with
increased levels of loneliness in need. In addition, it has been
argued that ICBT might especially be accepted by individuals
with increased levels of loneliness showing avoidant and
withdrawing socia behavior [54], asinternet-based interventions
are associated with diminished anxiety about social interactions
with therapists [55].

Recently, there have been some promising studies on
low-threshold internet-based self-help interventions against
loneliness. In a pilot RCT, Kéll et al [54] compared a guided
ICBT with a wait-list control group. Significant reductions in
loneliness were found with a between-group effect size (Cohen
d) of 0.77 at the postintervention time point [54]. A further
decrease in loneliness was observed at the 2-year follow-up
[56].
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More evidence for effectively alleviating loneliness by means
of ICBT stems from a 3-armed trial comparing 2 active
intervention groups (ICBT vs internet-based interpersonal
therapy [I1PT]) with await-list control group [57]. Loneliness
inindividualsin the ICBT condition was significantly reduced
after theintervention phase, with amoderateto large effect size
(Cohen d=0.71) compared with the wait-list and a moderate
effect size (Cohen d=0.53) compared with the [1PT group. No
significant differences regarding loneliness were observed
between the I1PT and wait-list groups [57].

An unguided, web-based, friendship enrichment program,
including 3 coping strategies to tackle loneliness (ie, network
development, adapting personal standards, and reducing the
importance of the discrepancy between actual and desired
relationships), wastested in 239 participants aged 50 to 86 years
[58]. Thisstudy drew on the definition of lonelinessfrom Peplau
and Perlman [13] and suggested that not only increasing
opportunities for social contact but also focusing on the
discrepancy between actual and desired relationships and
expectations for relationships are important in aleviating
loneliness. On average, loneliness declined significantly over
the course of the study [58]. However, the authorsreported high
dropout rates, with only 36% of the participants completing all
modules of the program [59].

Although the first studies on ICBT for loneliness have shown
promising results, more studies are needed for several reasons.
First, the study designs applied in previous trials on ICBT for
loneliness [54,57] do not alow controlling for nonspecific
effects such as human contact on the outcome. However,
guidance (ie, weekly human contact by email) might affect the
decrease in loneliness other than through CBT by addressing
principles relevant to building meaningful relationships (eg,
validation) [54]. Moreover, guidance also yields larger effects
when comparing guided and unguided interventions in other
application fields of ICBT, such as depression [60]. Thus, it is
important to investigate the effect of guidance on outcomesin
internet interventions for loneliness. Second, thereisagap in
the literature on who can profit from ICBT for loneliness and,
for example, whether some people profit more from a guided
than from an unguided version. Third, littleisknown about how
interventions for loneliness work, and research is needed to
identify mechanisms of change in these interventions and,
thereby, improve the understanding of chronic loneliness.

Objectives

Given the need for more high-quality RCTs of interventionsfor
alleviating loneliness, this study will be conducted to investigate
the following objectives. First, we will test the efficacy of 2
web-based interventions (ICBT with or without guidance)
compared with a wait-list control group regarding loneliness
(primary outcome) and a range of secondary outcomes (eg,
depression, anxiety, satisfaction with life, and factors of the
cognitive model of loneliness). We expect individuals in both
intervention groups to show a greater reduction in loneliness
and more pronounced effects in the secondary outcomes than
in the wait-list control group.

Second, we will compare the efficacy and long-term effects of
the 2 active interventions regarding primary and secondary
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outcomesto specify the effects of added human contact through
guidance. We expect greater changes in the primary and
secondary outcomes in the intervention with guidance than in
the intervention without guidance.

Third, we will test potential baseline predictorsfor the efficacy
of theinterventions and explore moderators between the 2 active
conditions to better understand which intervention (with or
without guidance) works best for whom. Considering the
exploratory nature of this objective, we have no specified
hypothesis for this objective.

Finally, we will explore potential mediators (mechanisms of
change) of the interventions. We expect changes in cognitive
bias and counterproductive social behavior, as described in the
cognitive model of chronicloneliness[19], to explain reductions
in loneliness.
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Methods

Study Design

This study usesa 3-arm RCT design to compare 2 intervention
groups (SOLUS-D with individualized guidance by acoach and
SOLUS-D without guidance), with a wait-list control group.
Participants in the 2 active conditions will have access to the
10-week internet-based self-hel p intervention immediately after
randomization. Participants in the wait-list control group will
receive access to the program after the intervention phase of 10
weeks and the completion of the postassessment measure.
Assessmentsfor al participantswill be administered at baseline
(time point 0), 5 weeks (time point 1, midtreatment), and 10
weeks (time point 2, after treatment) after randomization. In
addition, participants in the 2 intervention groups will be
followed up at 6 (time point 3) and 12 months (time point 4)
after randomization. As participants in the control group will
have access to the program after 10 weeks for ethical
considerations, they will not be included in the follow-up
measurements. The study design isillustrated in Figure 1.
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Figure 1. Participant flow. FU: follow-up; ICBT: internet-based cognitive behavioral therapy; Mini-DIPS; Mini Diagnostic Interview for Mental
Disorders, PHQ-9: Patient Health Questionnaire-9; TO: time point 0; T1: time point 1; T2: time point 2; T3: time point 3; T4: time point 4, UCLA:
University of California, Los Angeles.
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time without disclosing their reasons. Written informed consent
will be obtained from all participants before the baseline
assessment. Thetrial was preregistered with Clinical Trials.gov
(NCT04655196).

Inclusion and Exclusion Criteria

Ethics Approval

This study is being conducted in compliance with the
Declaration of Helsinki and has been approved by the Cantonal
Ethics Committee, Bern (1D:202-01298). All participants will
receive written information about the aim of the study, benefits,

risks of participation, and procedure of the study. Participants
will be informed that they can withdraw from the study at any
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The inclusion criteria for this study are as follows: (1) age of
at least 18 years; (2) a score of at least 18 points on the
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University of California, Los Angeles (UCLA) Loneliness
Scale-9; (3) sufficient German language skills; (4) accessto an
internet connection and a device to use the intervention; and
(5) signed informed consent and the provision of a contact in
case of emergency. The cutoff score of the UCLA Loneliness
Scale-9 was derived from the cutoff score used in the
aforementioned study by Kall et al [54] by transforming it to a
mean score and adapting it to the short version used in this
study. Individuals will be excluded from the study if they (1)
currently have at least moderately severe depressive symptoms
(asindicated by aPatient Health Questionnaire-9 [PHQ-9] score
>14), (2) have alifetime diagnosis of schizophrenia or bipolar
disorder, (3) fulfill the criteria for a severe substance use
disorder, or (4) have acute suicidal plans. Theexclusion criterion
for schizophrenia will be assessed by means of screening
questions regarding a former formal diagnosis or by the
diagnostic interview Mini Diagnostic Interview for Mental
Disorders (Mini-DIPS). The exclusion criteria for substance
use disorder and acute suicidal plans will be assessed during
the diagnostic interview (Mini-DIPS). In this study, there will
be no restrictions regarding the use of other treatments during
the study.

Participants, Recruitment, and Randomization

Participants will be recruited in German-speaking countries
through reports in newspapers and radio interviews, internet
forums, social media, our study website [61], and the website
for ongoing studies from our research hub [62]. After checking
the inclusion and exclusion criteria by means of the baseline
assessment and adiagnostic interview, eligible participantswill
be automatically randomly allocated in a blockwise manner
(blocks of 10 participants) on the web-based platform Qualtrics
(Qualtrics XM) to either of the 2 active conditions or the
wait-list control group (randomization ratio 2:2:1).

Procedure

Interested individuals will leave their email addresses on the
study website and receive the study information and consent
form by email. Participants will be invited to ask questions
about the study by phone. Once the signed consent form is
returned, alink to the baseline assessment will be sent viaemail.
After the baseline assessment is completed, the diagnostic
interview will be conducted over the telephone by trained
master’s students and members of the study team. Subsequently,
eligible participants will be randomly allocated to 1 of the 3
study groups. After randomization, individuals randomized to
the 2 active conditions will receive immediate access to the
internet-based self-help program SOLUS-D. Individualsin the
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wait-list control group will receive access to the program after
awaiting period of 10 weeks after randomization. Participants
in al 3 conditions will be asked to complete additional
questionnaires 5 and 10 weeks after randomization. Furthermore,
individualsin the 2 active conditions will be followed up for 6
and 12 months after randomization. Participants will receive a
reminder viaemail each week for up to 3 weeks if they do not
complete the questionnaires. After completing the
postassessment measure, arandom subsample of individualsin
the active condition will be asked to participate in aqualitative
interview. The aim is to gain more profound insight into their
experience with the program and possible adverse effects during
the intervention phase. At 6 months after randomization,
participants in the 2 active conditions will be contacted once
more by phone to conduct a second diagnostic interview. After
the intervention phase, al participants will continue to have
accessto the self-help intervention in an unguided format. The
participants will not be compensated for partaking in the trial.

Intervention: I nternet-Based Self-help
Program—SOLUS-D

Participants in both active conditions will have access to
SOLUSD, an internet-based self-help program. This
intervention is a German adaptation and extension of the ICBT
program developed by Kall et a [54]. The program is an
internet-based and interactive self-help guide with text, audio,
and video files and a diary function (Table 1). The program
comprises 9 modules based on CBT principles. Expanding on
the original program of Kéll et a [54], the program used in this
study has been enriched and extended with elements of
mindfulness, self-compassion, acceptance and commitment,
and social skills by our team. We will recommend completing
1 module per week and that participants work through the
program sequentially. Each module builds on the previous
module and takes approximately 50 minutes to complete.
Theoretically, all modules can be completed at once; thus, they
are not gradually made available weekly. Participants can
navigate the content of the compl eted modul es asthey want and
repeat the exercises and modules. Apart from working on the
modules, the participants will be asked to complete exercises
and web-based diaries as often as possible. The program is
accessible on any computer, tablet, or smartphone. Secure
Sockets Layer encryption will be used to secure internet-based
communication with the program and guides, and participants
will beidentified with anonymous|og-in namesand passwords.
The platform on which the program runs has been successfully
used for several research projects in our research unit [63,64].
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Table1. SOLUS-D content.
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Module Module Content Exercises
number
1 Loneliness and personal Information about the program use, structure of theintervention, «  Viciouscircle of loneliness
values and psychoeducation onlondlinessand persona valuesareprovided «  Vauesin different life areas
in this module. o Introduction to mood diary
(continuous exercise)
2 Goal setting and mindful-  Personal goals are set and a theoretical and practical introduction «  Setting goals
ness to mindfulnessis provided. «  Mindful breathing
o Body scan
«  3-minute breathing space
3 Self-compassion A theoretical and practical introduction to self-compassionispro- «  Kindness meditation: self-com-
vided. passion
*  Lkm®
« Introduction (self-) compassion
diary (continuous exercise)
4 Acceptance of loneliness  The importance of emotionsis highlighted and a strategy for ac-  «  Accepting emotions
and solitude cepting emotions isintroduced. Furthermore, time spent dloneis «»  Exposition with time spent alone
reflected. «  Reframing time spent alone
5 Identifying and changing  Theimpact of negative automatic thoughts and the relationship Identifying N ATP
thoughts among thoughts, experiences, and behavior areintroduced. Dys- ,  challenging NAT and formulat-
functional thoughts are identified and revised. ing alternative thoughts
6 Rumination and behavioral  Strategies for dealing with rumination and the idea of behavioral .  Disrupting rumination
experiments experiments are introduced. « Behaviora experiments
7 Saocial relationshipsand ~ The current social relationship situation isevaluated moreclosely, «  Socia convoy
feeling connected vauesin socia relationships are identified, and various social «  Vauesin close relationships
skills for relationship building are introduced. . Boundaries
8 Building social activities  The relationship between behavior and lonelinessis further high- «  Avoidance and passivity
lighted, avoidance and passivity are addressed, and value-based «  Value-based behavioral activa-
social activities are introduced. tion
9 More social activitiesand Obstacleswith behavioral activation are addressed, and new activ- «  Value-based behavioral activa-

further goals

ities can be planned. Finally, the content of all modulesisreviewed,

tion

and future goals can be set.

«  Formulating further goals
o  Strategy toolbox

3 _KM: Loving Kindness Meditation.
BNAT: negative automatic thought.

Conditions

ICBT With Guidance

Individuals in this condition will use the SOLUS-D program
while being guided by trained and supervised coaches. The
coaches will regularly monitor the use of the program, provide
weekly written feedback via chat within the self-help platform
on exercises, and motivate participantsto work with the program
continuously. Each message will comprise personalized
feedback on the participants’ work during the previous week
and answers to their questions. The content of these messages
will be semistructured and manualized according to the
theoretical model of Supportive Accountability [65]. Thismodel
argues that adherence increases with human support through
accountability to a coach. The coaches will be 2 psychologists
with amaster's degreein clinical psychology in their first year
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of a postgraduate CBT program and several master’s students
in their last term of a graduate program in clinical psychology.
All coaches will be trained in the specific approach and
supervised by NS and TK.

ICBT Without Guidance

Inthiscondition, participantswill also have accessto SOLUS-D.
However, they will not be guided and will use it on their own;
yet, the participants will receive weekly automated and fully
standardized emails during the 10 weeks. The content of these
emails aims to remind and motivate participants to continue
engaging with the program. Within the information about group
allocation, it is explicitly stated that the automated email is
automatically sent from a computer and not by a human being.
During the intervention period, questions concerning technical
issues with the program will be answered upon request by the
study team.
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Wait-list Control Group

Participantsin thiscondition will receive accessto the unguided
intervention 10 weeks after randomization (ie, after the
postassessment time paint).

M easures

Overview

Demographic information such as gender, marital status, and
education level will be self-reported by participants at baseline.
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In addition, we will assess participants’ medication status at
baseline and their use of psychotherapy at every measurement
time point. Table 2 summarizes the instruments and schedule
of the assessments in this study. In case there was no German
version of a scale available, the original scale was trandated
from English to German by our research group and back
trandlated by a native English-speaking person. Differences
between this back-trandlation and the original scale were
discussed until aconsensuswas reached regarding the necessary
changes in the German version.
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Table 2. Assessment timeline.

Type of variable and Basdine (time 5weeks(time 10 weeks 6months?®(time 12 months?
variable Measurement point 0) point 1) (timepoint 2) point 3) (time point 4)

Primary outcome

Loneliness UCLAP L oneliness Scale 9-item U u u O u
version

Secondary outcomes

Depression Patient Health Questionnaire-9
Social anxiety Social Interaction Anxiety Scale
and Social Phobia Scale
Satisfactionwithlife  Satisfaction with Life Scale a O
Social isolation Social Network Index
Self-compassion Sussex Oxford Compassion Scale
for the Self
Maladaptiveperson-  p|p.5-BF+¢ a O
dity traits
Misantropy Bern Embitterment Inventory® U U
Motivation for soli- Motivation for Solitude | |
tude Scale-Short Form¢
Negative effects Inventory for the Assessment of g
Negative Effects of Psychothera-
py?
Petient satisfaction  ¢jjent Satisfaction Questionnaire® u u
Systemusability  sygtem Usability Scale? 0
Mental disorders Mini Diagnostic Interview for O na

Mental Disorders

M echanisms of change

Interpretation bias  Interpretation and Judgmental Bias [ O g
Questionnaire®

Rejection sensitivity  Adult Rejection Sensitivity Ques- [ O g
tionnaire

Socia avoidance Cognitive-Behavioral Avoidance [ O g
Scale?

Self-Disclosure Distress Disclosure Index

Authenticity Kernisand Goldman Authenticity
Inventory—Short Form

Self-esteem Rosenberg Self-Esteem Scale g g g

Therapeuticaliance Working Alliance Inventory for
internet interventions®'

Moderators
Mobility Patient Questionnairefor Medical [
Rehabilitation®
Attachment style Adult Attachment Scale
Childhood trauma  Childhood Trauma Questionnaire

Demographic vari- /A9
ables

3 ntervention groups only.
bUCLA: University of California, Los Angeles.

https://www.researchprotocol s.org/2022/7/e36358 JMIR Res Protoc 2022 | vol. 11 | iss. 7 |e36358 | p.54
(page number not for citation purposes)

RenderX


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

JMIR RESEARCH PROTOCOLS

Seewer et a

®PID-5-BF+: Personality Inventory for the Diagnostic and Statistical Manual of Mental Disorders-5 Brief Form Plus.

dOnly subscales.
€l nterpretation bias only.

A total of 4 items will not be presented to participants in the SOLUS-D-+automated feedback group as they are not plausible (eg, “The coach really

cares about my well-being”).
IN/A: not applicable.

Primary Outcome Measure

Loneliness, assessed with the 9-item short version [66] of the
Revised UCLA Loneliness Scale [67,68] at the postassessment
time point, is the primary outcome. The original scale,
comprising 20 items, assesses 3 different facets of loneliness:
intimate loneliness, relational loneliness, and collective
loneliness [69]. The short version comprises the 3 items with
the highest loading on each factor [70]. The reliability and
validity of this short version are comparable with those of the
full 20-item version [70]. The response options are never (1),
rarely (2), sometimes (3), and always (4). Ratings are summed,
and scores range from 9 to 36, with higher scores indicating
greater loneliness levels.

Previous studies revealed a discrepancy, for example, in the
prevalence of loneliness, when assessing loneliness directly or
indirectly [71]. Therefore, loneliness will be further assessed
with a single direct question (“Do you feel lonely”; rated on a
4-point scale with the response options 0=no, never; 1=yes,
sometimes; 2=yes, quite often; 3=yes, very often) and a 3-item
very short version [72] of the UCLA Loneliness Scalefor which
German population norms exist [73].

Secondary Outcome Measures

Depressive symptoms will be assessed using the 9-item
depression module of the PHQ-9[74,75]. All 9itemscorrespond
to the 9 Diagnostic and Statistical Manual of Mental Disorders
(DSM)-V criteria for depression. The items are rated on a
4-point scale from O (not at all) to 3 (nearly every day). Ratings
are summed up, and scores range from 0 to 27. The PHQ-9
shows good validity [74] and sensitivity to change [75].

Symptoms of social anxiety will be assessed with the short forms
of the Social Interaction Anxiety Scale and Social PhobiaScale
[76]. These 2 scales complement each other and are mostly
administered together. The 12 items arerated on a5-point scale
from O (not at al) to 4 (extremely). The Social Interaction
Anxiety Scale and Social Phobia Scale showed good validity
and sensitivity to change over time [76].

Satisfaction with life will be measured with the Satisfaction
With Life Scale [77,78]. A tota of 5 items, such as “In most
waysmy lifeiscloseto my ideal,” are rated on a 7-point scale
from 1 (strongly disagree) to 7 (strongly agree). This scale shows
good psychometric properties and norm values based on alarge
German sample [79].

Self-esteemwill be assessed using the 10-item revised German
version [80] of the Rosenberg Self-Esteem Scale [81]. This
scale measures positive and negative aspects of self-esteem.
Itemsarerated on a4-point Likert scaleranging from O (strongly
agree) to 3 (strongly disagree). The internal consistency of the
1 factorial solution is good (Cronbach a=.84) [80].
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Objective social isolation will be measured using the Social
Network Index [82]. This scale comprises 12 items assessing
12 different types of social relationships (eg, partner, parents,
children, other close family members, close neighbors, friends,
and fellow volunteers). Participants will be asked how many
relationships of each type they have and how many of them
they arein contact with at least once every 2 weeks. The network
size, network diversity, and number of embedded subnetworks
can be calculated using the Social Network Index [83].

Maladaptive personality traitswill be assessed using the 34-item
Personality Inventory for the DSM-5 Brief Form Plus [84], a
34-item short version of the Personality Inventory for DSM-5
[85]. The Personality Inventory for DSM-5 Brief Form Plus
assesses 5 domains and 15 facets according to criterion B of
the Alternative Model of Personality Disorders included in
DSM-5, which are Negative Affectivity, Detachment,
Antagonism, Disinhibition, and Psychoticism, plus the
International Classification of Diseases (ICD)-11 domain
Anankastia comprising 2 facets. Items are rated on a 4-point
response scale ranging from O (very false or often false) to 3
(very true or often true). Scores can be calculated for the 17
facets and the 6 domains. Good internal consistency has been
shown for the domain trait scores (McDonald w=0.81) [84].
The average score of these 6 maladaptive trait domains can be
used as an indicator of the severity of personality dysfunction
according to the DSM-5 section 111 and the ICD-11 classification
of Personality Disorders [86].

The negative effects of the intervention will be assessed with
the Inventory for the Assessment of Negative Effects of
Psychotherapy (INEP) [87]. The INEP assesses any adverse
effects on social, intrapersonal, or work-related situations and
whether they are attributed to the intervention. As in other
studies on internet-based interventions, the INEP was dlightly
adapted for its use with internet-based interventions.

Client satisfaction with the treatment will be assessed with the
Client Satisfaction Questionnaire-8 [88]. The 8 items are rated
on a 4-point scale from 1 (low satisfaction) to 4 (high
satisfaction). We adapted this measure to explore participants
satisfaction with the internet intervention applied in this study.
The Client Satisfaction Questionnaire-8 is a valid measure for
assessing client satisfaction [88] and shows good internal
consistency (Cronbach a=.90) [89].

The usability of the web-based program will be assessed using
the System Usability Scale [90]. For this study, we adapted the
measure to explore the experienced usability of the web-based
program used in this trial. A total of 10 items are rated on a
5-point scale ranging from O (strongly disagree) to 4 (strongly
agree). The usability score is obtained by multiplying the sum
of al item scores by 2.5 and ranges from 0 to 100.
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Diagnoses of mental disorderswill be assessed using the short
version of the Mini-DIPS-Open Access [91]. This structured
interview isopenly accessible and allowsthe reliable assessment
of diagnoses according to the DSM-5 and 1CD-10.

Adherence to the web-based program will be assessed using
different indicators, such as (1) the number of modules
completed and (2) time spent in the program. A module is
completed when each page per module has been clicked at |east
once.

Assessment of Potential Mechanisms of Change

Interpretation bias will be assessed using the corresponding
subscale of the Interpretation and Judgmenta Bias Questionnaire
[92,93]. The Interpretation and Judgmental Bias Questionnaire
is a 24-item scale comprising brief scripts of 20 socia events
and 4 nonsocial control events. The socia events can be divided
into ambiguous, mildly negative, profoundly negative, and
positive social events. For this study, we only assessed
interpretation and not judgmental bias. For this purpose, each
script will befollowed with 4 alternative answers. The answers
reflect positive, neutral, mildly negative, or profoundly negative
interpretations of the event. The participants will be asked to
rank the probability of these 4 interpretations. The scoreisthe
mean rank given to the profoundly negative interpretation of
the scenarios and ranges between 1 and 4. A lower score
indicates more negatively biased processing [94].

Rejection sensitivity will be assessed using the adapted adult
version (Adult Rejection Sensitivity Questionnaire) [95] of the
Rejection Sensitivity Questionnaire[96]. Inthe Adult Rejection
Sensitivity Questionnaire, 9 hypothetical interpersonal situations
are presented, and respondents indicate how they would feel or
think in the stated situations. Respondentsindicate on a 6-point
scale how concerned they would be in that situation (very
unconcerned to very concerned) and how likely they would
expect to be accepted (very unlikely to very likely). One study
shows high internal consistency (Cronbach a=.87) for the total
score in asample of adults with borderline personality disorder
and acceptable consistency (Cronbach a=.75) for a healthy
sample of adults[97].

Social avoidance behavior will be assessed with the subscale
Behavior-social avoidance of the Cognitive-Behavioral
Avoidance Scale [98,99]. Participants are asked to rate their
socia behavior on a5-point Likert scale ranging from 1 (not at
all truefor me) to 5 (extremely true for me; eg, “| make excuses
to get out of social activities.”). The subscale has shown good
internal consistency (Cronbach a=.86) [99].

Comfort with self-disclosure will be assessed using the Distress
Disclosure Index [100]. It isa12-item scale designed to measure
the degree to which a person is comfortabl e talking with others
about personally distressing information (eg, “I am willing to
tell othersmy distressing thoughts”). Itemsare rated on a5-point
Likert-type scale, with responses ranging from 1 (strongly
disagree) to 5 (strongly agree). The Distress Disclosure Index
has shown good psychometric properties [101].

Authenticity will be assessed using the 20-item short form
(Kernis-Goldman Authenticity Inventory [KGAI]-Short Form
[102]) of the KGAI version 3 [103]. It assesses 4 underlying

https://www.researchprotocols.org/2022/7/e36358

Seewer et a

dimensions of authenticity (awareness, unbiased processing,
behavior, and relational orientation), and items are rated on a
5-point Likert scale ranging from 1 (strongly disagree) to 5
(strongly agree). The KGAI-Short Form shows good internal
consistency (Cronbach a=.87) and good convergent and
discriminant validity [102].

Salf-compassion will be assessed using the Sussex Oxford
Compassion Scale for the Self [104]. This scale measures five
dimensions of compassion: (1) recognizing suffering, (2)
understanding the universality of suffering, (3) feeling for the
person in suffering, (4) tolerating uncomfortable feelings, and
(5) motivation to act to alleviate the suffering. The 20 items
will be rated on a 5-point scale ranging from 1 (not at all true)
to 5 (aways true). This scale shows adequate interna
consistency and convergent and discriminant validity [104].

Misanthropy will be assessed using the respective subscale of
the Bern Embitterment Inventory [105]. This subscale measures
a general contempt of human beings (eg, “ Sometimes | feel
hatred towards mankind or a part of it”). The 4 items are rated
on ascalefrom O (I do not agree) to 4 (I agree). The Cronbach
a for thisscaleis .65 [105].

Self-determined motivation for solitude will be assessed with
the corresponding 8-item subscale from the Mativation for
Solitude Scale-Short Form [106]. This subscale measures the
degree of the desire to spend time alone. Items are introduced
with “When | spend time alone, | do so because...” and rated
on a4-point Likert scale from 1 (not at al important) to 4 (very
important). The answers are summed, and higher scoresindicate
ahigher self-determined motivation for solitude. The Motivation
for Solitude Scale-Short Form is areliable and valid measure
of the motivation for solitude [106].

Working alliance will be assessed with the Working Alliance
Inventory (Working Alliance Inventory-Short Revised) [107]
adapted for guided internet interventions (WAI-I) [108]. The
WAI-I comprises two subscales: (1) task and goa agreement
dimension and (2) bond with the guide dimension (bond). The
full scale comprises 12 items (eg, “With the online program, it
has become clearer to me how | can change”) that are answered
on a5-point Likert scale ranging from 1 (never) to 5 (always).
Participantsin the ICBT condition without guidance will only
respond to the 8 items of the task and goal dimension as the
items of the bond dimension are not plausibly answerable. The
WAI-I isavalid instrument for measuring working alliance in
the context of guided interventions and shows good internal
consistency for both the total score and the 2 subscales[108].

Assessment of Moderators

Mobility will be assessed using the corresponding subscale of
the Patient Questionnaire for Medical Rehabilitation (Indicators
of Rehabilitation Status-3) [109]. Respondents rate 4 items on
a 5-point scale about how many difficulties they experienced
during the past 4 weeks (eg, climbing astaircase over 3 floors).
Items are rated on a 5-point scale from 1 (impossible) to 5 (no
difficulties). The mobility subscale shows good internal
consistency (Cronbach a=.85) [109].

Attachment style will be measured using the Adult Attachment
Scale (AAS) [110,111]. The AAS comprises 16 items forming
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three subscal es: (1) comfortability with closeness and intimacy,
(2) the degree to which one can depend on others when they
are needed, and (3) the degree to which one is worried about
being rejected or unloved. Theitemsarerated on a5-point scale
ranging from 1 (not at all characteristic of me) to 5 (very
characteristic of me). The AAS shows satisfactory internal
consistency (Cronbach a=.72-.79) [110].

Childhood trauma will be assessed using the 28-item Childhood
Trauma Questionnaire [112,113]. Respondents are asked about
their experiences of sexual, physical, and emotiona
maltreatment and physical and emotional neglect in childhood
and adolescence. Items are rated on a 5-point Likert scale
ranging from 1 (never true) to 5 (very often true). Higher values
indicate a higher degree of childhood maltreatment. All scales
(except physical neglect) show high internal consistency
(Cronbach a =.89) [112].

Sample Size

A power analysis was conducted using G* Power 3 [114]. We
aim to detect small effect sizes[115] of =0.10 (equivalent to
Cohen d=0.20) regarding the timexgroup interaction for the 2
active conditions at an a error level of .05. A power analysis
revedled that a sample size of 80 participants in each of the
active study armsisrequired to detect a statistically significant
difference with a power (1 — ) of 0.80, assuming correlations
of r=0.60 between before and posttreatment measures, as
previously found in another trial on ICBT for loneliness [57].
Sample size was further estimated based on a dropout rate of
approximately 25%. We finally decided to randomize 100
participantsto each of the active conditions. For the comparisons
between the active conditions and the wait-list, 50 participants
were considered sufficient for the wait-list control group
condition as between-group effect sizes were assumed to be
large based on the results of the aforementioned Swedish trials
[54,57]. Consequently, we aim to randomize 250 participants
with arandomization ratio of 2:2:1.

Statistical Analyses

Analyses will be conducted using an intention-to-treat sample.
In addition, wewill conduct analysesin the per-protocol sample
(ie, comprising participants who complete both baseline and
postassessment measures and log into >4 modules of the
program, defined as minimal therapeutic exposure). To assess
if randomization was successful, we will compare baseline
characteristics between the 3 conditions using chi-square tests
(categorical) and F tests (continuous). Continuous outcomes
will be analyzed using mixed-effects models. These analyses
will model random slopes and intercepts for participants and
test the fixed effects of the condition, as well as repeated
assessments over time, using data from all participants.
Differential intervention efficacy shows in significant
interactions between the condition and time. An advantage of
mixed-effects models is their ability to account for missing
values through maximum likelihood estimation [116].
Significant overall effects will be followed up with contrasts
comparing the 2 active conditions pooled together (ie, ICBT
with and without guidance) against the control group, followed
by a comparison of the 2 active conditions against each other.
Significance levels will be set at P=.05. Effect sizes will be
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computed based on the work by Cohen [117], dividing the
treatment effect by the pooled SD. In addition, we will calculate
reliable changes according to the Reliable Change Index [118].

To test the mediation hypotheses, we will determine the extent
of mediation of the change scores from baseline to week 5
(midassessment) and baseline to week 10 (postassessment) on
the potential mechanism of change in week 10 and follow-up
loneliness scores, respectively. Indirect effects will be tested
by calculating bootstrapped Cls[119].

To test the moderation hypotheses, wewill exploratorily include
the scores of the various measures as the moderation variable
to build 3-way interaction terms (conditionxtimexmoderator)
in separate mixed models. To facilitate the post hoc
interpretation of interaction effects, continuous moderator
variables will be grand mean centered [120]. Significant
interaction effects will be followed up by applying the
Johnson-Neyman technique [121].

Results

Recruitment started in May 2021 and is expected to be
completed in 2022, with the 12-month follow-ups to be
completed in 2023. We intend to submit the first results for
open access publication in 2023. In addition, the findings of
this trial will be presented at national and international
conferences. Only aggregated group data will be reported, and
no individuals will be identifiable.

Discussion

General Discussion

Chronic loneliness is a prevalent clinical phenomenon in the
population, with a variety of adverse effects on mental and
physical health [8], leading to increased mortality [9].
Psychological interventions have generally been shown to be
effective in reducing loneliness [48]. Such interventions at an
individual level may play a crucial role in reducing the burden
of loneliness and complementing social and societal-based
interventions [122-124]. Although various treatments for
alleviating loneliness have been developed and tested, more
well-controlled clinical trials are needed to inform about
efficacious interventions for loneliness.

Thisstudy aimsto test the efficacy of an internet-based self-help
intervention (SOLUSD) in reducing loneliness. We expect
participants in both intervention groups to show greater
decreasesin loneliness compared with await-list control group
a the posttreatment time point. Furthermore, reductions in
loneliness will be expected to be more pronounced in
participants receiving guidance than in the group without
guidance. By comparing the 2 intervention groups with and
without guidance, we will be able to inform about the
incremental effect of guidance beyond that of the ICBT
intervention. We will also look at acceptability aspects such as
intervention satisfaction, adherence, and potential negative
effects to further refine the intervention. In addition, we will
investigate potential moderating variables on an exploratory
level to gain insights into how and for whom exactly the
intervention works. Furthermore, knowledge on mechanisms

JMIR Res Protoc 2022 | vol. 11 | iss. 7 |€36358 | p.57
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

of change in treating chronic loneliness will be expanded. This
will provide further insight into the maintaining factors of
chronic lonelinessthat interventions should focus on and, at the
same time, test the proposed model of chronic loneliness [19].
Finally, the results of this study will inform which individuals
can profit (most) from an internet-based ICBT intervention for
loneliness.

Limitations

The limitations of our study must be considered. First, the
sample in our study is self-selective and excludes individuals
with no accessto theinternet or adeviceto usetheintervention.
Second, people with heightened degrees of symptom severity
of mental disorders, such as at least moderately severe
depressive symptoms, will be excluded from this study.
Consequently, results will not be generalizable to all people
experiencing loneliness. Third, within our study design, we will
not be able to compare the long-term effects of theintervention
with thewait-list, aswe did not want the wait-list control group

Seewer et a

to wait too long to have access to the intervention. Fourth, we
did not want to restrict accessto careasusual inthisstudy. This
reduces the internal validity of this study to some extent while
simultaneously increasing its external validity.

Conclusions

In this study protocol, we describe the design of an RCT
evaluating an internet-based self-help intervention with and
without guidance based on CBT principles for loneliness
compared with a wait-list control group in adults. To the best
of our knowledge, this is the first RCT to evaluate an
internet-based self-help intervention based on CBT principles
for lonelinessin German-speaking countries. Theresults of this
study will enrich previous findings on the efficacy of
internet-based self-help interventionsfor loneliness and inform
on what treatments work for whom in alleviating loneliness.
On the basis of our findings, policy makers could be informed
about the efficacy of interventions with low-threshold access
for aleviating loneliness.
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Abstract

Background: People with gambling problems frequently report repeated unsuccessful attempts to change their behavior.
Although many behavior change techniques are available to individuals to reduce gambling harm, they can be challenging to
implement or maintain. The provision of implementation support tailored for immediate, real-time, individualized circumstances
may improve attempts at behavior change.

Objective: We aimed to develop and evaluate a Just-In-Time Adaptive Intervention (JI TAI) for individual s who require support
to adhere to their gambling limits. JITAI development is based on the principles of the Health Action Process Approach with
delivery, in aignment with the principles of self-determination theory. The primary objective was to determine the effect of
action- and coping planning compared with no intervention on the goal of subsequently adhering to gambling expenditure limits.

Methods: Gambling Habit Hacker isdelivered asaJITAI providing in-the-moment support for adhering to gambling expenditure
limits (primary proximal outcome). Delivered via a smartphone app, this JTAI delivers tailored behavior change techniques
related to goal setting, action planning, coping planning, and self-monitoring. The Gambling Habit Hacker app will be evaluated
using a 28-day microrandomized trial. Up to 200 individuals seeking support for their own gambling from Australia and New
Zealand will set agambling expenditure limit (ie, goal). They will then be asked to complete 3 time-based ecological momentary
assessments (EMAS) per day over a28-day period. EMAswill assessreal-time adherence to gambling limits, strength of intention
to adhere to goals, goal self-efficacy, urge self-efficacy, and being in high-risk situations. On the basis of the responses to each
EMA, participants will be randomized to the control (a set of 25 self-enactable strategies containing names only and no
implementation information) or intervention (self-enactable strategy implementation information with facilitated action- and
coping planning) conditions. This microrandomized trial will be supplemented with a 6-month within-group follow-up that
explores the long-term impact of the app on gambling expenditure (primary distal outcome) and arange of secondary outcomes,
as well as an evaluation of the acceptability of the JTAI via postintervention surveys, app use and engagement indices, and
semistructured interviews. Thistrial hasbeen approved by the Deakin University Human Research Ethics Committee (2020-304).

Results: Theintervention has been subject to expert user testing, with high acceptability scores. The results will inform amore
nuanced version of the Gambling Habit Hacker app for wider use.
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Conclusions: Gambling Habit Hacker is part of a suite of interventions for addictive behaviors that deliver implementation
support grounded in lived experience. This study may inform the usefulness of delivering implementation intentionsin real time
and in real-world settings. It potentially offers people with gambling problems new support to set their gambling intentions and

adhere to their limits.

Trial  Registration: Australian  New

Zealand

Clinical Trials Registry  ACTRN12622000497707,;

www.anzctr.org.au/Trial/Registration/Trial Review.aspx?1d=383568

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2022;11(7):€38919) doi:10.2196/38919
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KEYWORDS

Just-In-Time Adaptive Intervention; J TAI; ecological momentary assessment; EMA; ecological momentary intervention; EMI;
gambling; behavior change technique; implementation intentions; action planning; coping planning; microrandomized trial;

mobile phone

Introduction

Background

Gambling disorder is classified as an addiction and related
disorder in The Diagnostic and Statistical Manua of Mental
Disorders, Fifth Edition. It is characterized by repeated
unsuccessful attempts to change behavior, loss of control, and
the development of tolerance and withdrawa symptoms [1].
Problem gambling is a commonly used term in many
jurisdictions, such as Australia and New Zealand, to denote
gambling that negatively impacts the gambler as well as their
family, friends, and the community [2]. Worldwide, prevalence
estimates of past-year problem gambling in adults have ranged
from 0.1% to 5.8% over the last decade [3]. In Australia and
New Zealand, approximately 0.4% to 0.7% of adults report
past-year problem gambling, with an additional 2% to 11%
reporting moderate-risk gambling and 3% to 7.7% reporting
moderate-risk gambling [4-6]. Although a relatively low
prevalence disorder, recent estimates have indicated that the
burden of harm associated with gambling problems in the
population is relatively high [7] and can include a range of
financial, relationship, and psychological harms[8]. Moreover,
although people with problem gambling experience more
individual harm than people at lower risk for problem gambling,
it has been estimated that 85% of the total burden of harm can
be attributed to people with low- and moderate-risk gambling
because of their greater prevalence in the population [7].
Gambling problems are aso highly comorbid with other
addictive behaviors such as nicotine and a cohol use and mental
health disorders, including anxiety, depression, and personality
disorders[9,10]. Global estimates of help seeking indicate 1in
25 moderate-risk gamblers and 1 in 5 people with problem
gambling have sought help for problems related to their
gambling [11].

There is evidence that problem gambling can be responsive to
treatment, with the most efficacious interventions being
cognitive behavioral therapy and, to alesser extent, motivational
interviewing [12,13]. These interventions include a range of
professionally derived behavior change techniques (BCTs) [14].
Thesetechniques are the theorized active ingredients of behavior
change interventions that can be observed and replicated [14].
Research examining the components of gambling interventions
identified 18 categories of techniques, including cognitive
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restructuring, behavior substitution, stimulus control, socia
support, and self-monitoring [15]. In addition to these
professionally derived techniques, studies indicate that people
with gambling problems select and implement similar techniques
without professional oversight [15-20]. Many gamblers attempt
to reduce their gambling behavior by setting expenditure,
frequency, and time limits [21]. Research on gamblers has
identified 15 different categories of self-enacted strategies used
to adhere to gambling limits[22]. Gamblers also use strategies
before gambling (eg, setting a limit), while gambling (eg,
placing low-value bets), and after gambling (eg, having a plan
on when to walk away) [20,23,24].

Gamblers may implement strategiesto limit or reduce gambling
behaviors, but high rates of relapse suggest that these are not
always successful in the long term [25]. Variable success may
be due to afailure to select a specific strategy fit for a purpose,
shifting priorities, an inability to maintain the approach, or
implementing conflicting strategies [26]. Adviceto individuals
on how to adhere to gambling limits is available, but this is
limited to brief information such as “Set a money limit in
advance” and “Exercise control over your gambling” [20].
Gamblers find it challenging to adhere to limits, and knowing
how to implement these strategies may be difficult. For example,
in-venue messaging may suggest taking a break, but details as
to when, where, and for how long to take abreak are not broken
down or personalized. Messages such as gamble responsibly
may be too broad to be easily applied, especialy when an
individual is already in a venue gambling or when gambling
urges are intense. When these strategies have previously been
delivered as pat of an intervention, gamblers have
recommended individual tailoring by matching strategy and
motivation or situation [27]. These findings are consistent with
self-determination theory, which posits that behavior change
occurs when an individual is intrinsically motivated and able
to drive their own change through self-selection and enactment
of self-management strategies, as well as the enhancement of
competence and salf-efficacy [28,29]. The value of interventions
specifically designed to support gamblers in implementing
strategies to reduce gambling-related harm has also been
previously identified [23,30].
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Planning Techniques for Gambling Reduction

People with gambling problems experience repeated failed
attempts to change their behavior [1]. Research indicates that
this may be owing to implementation failure, whereby good
intentions have not consistently led to intended actions[24,26].
Social cognitive theories such asthe theory of planned behavior
focus on factors that predict intention, including attitudes,
perceived behavioral control, and subjective norms, onthe basis
that intention predicts subsequent behavior [31]. Although
meta-anal yses indicate a strong relationship between intention
and behavior, accounting for more than one-fourth (27%) of
the variance in health behavior change [31], there appearsto be
a gap between intention to perform a behavior and successful
implementation of that behavior. To addressthisgap, researchers
have developed social cognitive models such as the Health
Action Process Approach (HAPA) [32]. HAPA proposes that
behavior change follows a continuous 2-phase process that
involves motivation and valition. In this model, motivation
refers to forming an intention by redlizing that a particular
behavior needsto change, that such change would be worthwhile
and should be prioritized over and above other competing
demands, and that the individual can implement the selected
action (task self-efficacy) [33]. The volitional phase facilitates
forward movement toward implementing intentions with
techniques such as action planning, coping planning, and
self-monitoring [34-36]. Factors that can help or hinder the
implementation of intentions in the volitional phase include
maintenance self-efficacy (belief inthe ability to maintain plans
and cope with barriers that arise) and recovery self-efficacy
(belief in the ability to regain control after failure to cope with
implementation barriers) [36].

Overdll, 2 implementation planning techniques for addressing
this gap have been subject to extensive eval uation across arange
of health behaviors. action planning and coping planning.
Action- and coping planning are BCTs[14] that can bedelivered
independently or combined with other BCTS, such as rewards,
social support, or environmental restructuring, to form a
multicomponent intervention. Action planning outlines how,
when, and where a specific behavior will beimplemented [36],
whereas coping planning pre-empts barriers to implementing
the desired behavior, developing an if-then plan. The if-then
plan links specific situations or events with adetailed plan that
can beimplemented when asituation or barrier to implementing
the behavior is present [34]. Action- and coping planning require
little effort and can be easily personalized for each individual.

Recent meta-analyses have shown that action- or coping
planning successfully improves addiction-related behaviors
such as smoking and alcohol use [37,38]. For example, areview
of 12 randomized controlled trials revealed that the use of
action- or coping planning (pen-and-paper or web-based
delivery) significantly improved smoking cessation rates [37].
Overdl, the attrition rates were high, and there were few
follow-up periods beyond 2 months. Another meta-analytic
review, including 15 randomized controlled tria's, reported that
planning displayed a small to medium effect size in reducing
alcohol use after treatment compared with active and passive
control conditions[38]. Although the results from studies with
low methodological quality wereretained inthe analysis, these
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findings support the need to establish the effectiveness of these
interventions.

Preliminary work has examined the use of action- and coping
planning by gamblersto support the successful implementation
of goals in a real-world setting [39]. A brief intervention by
Rodda et al [39] comprised individually set expenditure goals
(intended expenditure set before gambling); tailored action plans
that detail how, when, and where strategy is implemented; and
coping plansthat detail what to do if abarrier to implementing
a strategy occurs. This gambling venue-based study reported
substantial reductions in actual venue expenditure compared
with intended expenditure for people with moderate risk and
problem gambling but not for people with nonproblem or
low-risk gambling. Notably, 50% of the total sample
(intervention and assessment-only control) reported a plan to
be implemented before coming to the venue. However, more
than two-thirds (69%) of the intervention group were unable to
complete a coping plan despite being prompted by the
researcher. During the devel opment of plans, gamblersindicated
that they could not envisage specific barriersto implementation.
Planning techniques, by design, are intended to be completed
in advance to link internal states such as urge and situational
cues such as being near a venue with a prespecified and
semiautomatic action [36,40]. Planning for interna and
situational cues is problematic when barriers cannot be
identified.

Taken together, these findings indicate that addictive behaviors
may be difficult to change owing to their complexity and
multiple internal or situational cues for the behavior. As such,
single plans may be insufficient because they cannot cover an
array of relevant or unidentified cuesthat can affect motivation
and volition [41]. However, having multiple action or coping
plans may not effectively address behavior, because the
advanced development of action plans for all possible internal
or situational cues is not feasible. Furthermore, the likelihood
of multiple plans being effective is reduced because of the
cognitive burden of retaining and activating the details of
multiple plans [41,42]. Just-In-Time Adaptive Intervention
(JTAI) approaches may be effective for delivering the range
of plans needed to address varying internal or situational cues
that render self-regulation challenges.

JITAI Approach

JTAIs, which use computer algorithms to decide when and
how support is provided, address dynamicaly changing
individual needs by providing the type and amount of support
required at the right time and only when needed [43].
Nahum-Shani et a [43] describe several key components to
guide the design of JITAls: decision points, which refer to the
points in time at which decisions about intervention delivery
are made; intervention options, which include the type, timing,
dose, and delivery mode of support that can bedelivered at each
decision point; tailoring variables, which are defined as those
that collect internal state or ecological context to decide when
or how interventions are delivered; and decision rules, which
determine which intervention options to offer, for whom, and
when at different levels of each tailoring variable. Ecological
momentary assessments (EMAS) [44] can be used to provide a
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real-time evaluation of aperson’scurrent internal and situational
cues through mini-assessments delivered via smartphones
multiple times per day. The J TAI design is guided by a distal
outcome, which is a long-term goal achieved via changes to
proximal outcomes, which are short-term goals[43].

JTAIs are effective for a range of health and mental health
outcomes, with a recent meta-analysis reporting moderate to
large effectsfor improvementsin arange of outcomes, including
mental health, diet or weight loss, and physical activity, when
compared with wait-list controlsand non-JI TAI treatments[45].
JTAIs for the treatment and recovery of addictions such as
tobacco, alcohol, and drug use show promise [46], while others
are underway [47]. In the gambling field, 2 smartphone JI TAIls
have proposed using geolocation sensors to notify gamblers of
situational cues[48,49]. One of these apps, which notified users
when in proximity to gambling venues, has been partialy
evaluated. Humphrey et a [48] conducted a focus group of
potential userswho reported an interest in the app but low uptake
or retention due to high battery use. In addition, 2 smartphone
apps that use EMA to identify internal or situational cues for
gambling have been developed [50-52]. Compared with
geolocation sensors, smartphone JITAls using EMAs are
unlikely to have an impact on battery use. However, of these
smartphone JITAIs, only one has been evaluated, with
Merkouriset a [50] devel oping and evaluating aJI TAI targeting
gambling cravings and reporting high ratings for app
hel pfulness, usability, and improvementsin time-related craving
intensity [52]. They also reported medium to large effects for
improved gambling symptom severity, cravings, frequency, and
gambling expenditure. To date, JI TAls have delivered planning
interventions for alcohol reduction [53,54], but no JTAI has
delivered tailored action- and coping planning interventionsfor
gambling, despite research testing planning interventions for
gamblers recommending the use of in-the-moment support in
delivering such interventions [39].

Research Aims and Hypotheses

This protocol presents the development and evaluation of a
theoretically derived JITAI for people who want support in
adhering to their gambling expenditure limits. Gambling Habit
Hacker is a smartphone-delivered JITAI informed by HAPA
and the implementation intention literature and delivered in
accordance with self-determination theory. This JTAI uses
decision rules specifying that participants who are receptive to
treatment and report low strength of goal intention, low goal
self-efficacy, low urge self-efficacy, or a high-risk situation
(tailoring variables) in time-based EMAs sent during 3
semirandom times a day are delivered action- and coping
planning activities to implement selected behavior change
strategies. |mplementation support includes providing atailored
set of self-enactable cognitive and behavioral strategiesderived
from data synthesis of lived experience [17,22,23,26]. These
components are guided primarily by the long-term goa of
reducing gambling expenditure (distal outcome), which is
posited to be achieved through the short-term goal of adhering
to gambling expenditure limits (primary proximal outcome)
through increased strength of intention, goal self-efficacy, and
urge self-efficacy (secondary proximal outcomes).
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This protocol describesthe theoretical basis of the intervention
and research design of a 28-day microrandomized trial (MRT).
AnMRT designisaform of sequential factorial designinwhich
each individua is randomized to intervention options at each
decision point across a period of weeks or months[55]. In this
MRT, each participant will be randomized to an action- and
coping planning intervention that responds immediately to
real-time implementation barriers (and therefore helps
individuals adhere to gambling expenditure limits) and a control
condition involving the presentation of aset of 25 self-enactable
strategy groups alone (strategy group names only without any
implementation guidance). The results will inform the
optimization of future versions of the intervention [55].

The primary aim of the 28-day MRT was to determine the
efficacy of action- and coping planning versus control on goal
adherence. Goa adherence is the primary proximal outcome
and refersto adhering to gambling expenditure limits, which is
operationalized as a binary outcome, with success defined as
actual expenditure being no greater than 10% higher than the
planned expenditure limit. Secondary proximal outcomes are
strength of intention, goal self-efficacy, and urge self-efficacy.
It ishypothesized that action- and coping planning interventions
will be associated with higher rates of adherence to gambling
expenditure limits compared with the control condition, aswell
as higher levels of strength of intention, goal self-efficacy, and
urge self-efficacy. Should data alow, the secondary aims of
this trial are to (1) determine how each of the following
influences the intervention effect on adherence to gambling
expenditure limits: time-variant (EMA) strength of intention,
goa self-efficacy, urge self-efficacy or being in a positive or
negative high-risk situation, alcohol or drug consumption, and
gambling proximity and time-invariant factors measured before
intervention, including age, gender, volitional phase, gambling
symptom severity, gambling expenditure, and planning
propensity and (2) explore whether the effect of theintervention
on adhering to gambling expenditure limits changes over time
asthe treatment progresses over the course of the 28-day MRT.

Methods

Trial Design

A 28-day MRT will be used to facilitate the optimization of
Gambling Habit Hacker. In thistrial, decision points comprise
notificationsthat participantswill receive viatheir smartphones
to complete a time-based EMA 3 times a day. In each EMA,
tailoring variables, including strength of intention, goal
self-efficacy, urge self-efficacy, and high-risk situations, are
used to determineintervention eligibility according to decision
rules based on EMA cutoff points. At each decision point,
participantswill be randomly allocated to either theintervention
or a control condition (intervention options). This MRT wiill
evaluate the J TAI entirely as a push intervention.

This MRT will be supplemented with (1) a 6-month
within-group follow-up that explores the long-term impact of
the app on gambling expenditure (primary distal outcome) and
arange of secondary outcomes (gambling freguency, gambling
symptom severity, psychological distress, well-being, situational
confidence, and planning propensity) as well as the predictors
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of longer-term treatment outcomes and (2) an evaluation of the
acceptability of the JITAI via postintervention surveys, app use
and engagement indices, and semistructured interviews.

Participant Eligibility and Recruitment

Participants will be recruited using arange of strategies, such
as web-based advertising, socia media, gambling-related
websites, and advertisements in public places such as mental
health and addi ction services, general practices, and universities.
Gambling counseling services and gaming venues across
Australia and New Zealand may also assist in participant
recruitment. The eligibility criteria are (1) current Australian
or New Zealand residence, (2) aged =18 years, (3) abletoinstall
an app on their own smartphone with internet access, (4) willing
to have app notifications activated, (5) English fluency, and (6)
seeking assistance for their own gambling. Thetarget population
isthose with less severe gambling problemswho want to adhere
to their gambling expenditure limits through the promotion of
the app. Consistent with a pragmatic design, there is no
reguirement to meet any problem gambling diagnostic criteria,
and participants are able to engage in other help-seeking
activities [56]. However, we will measure the severity of
gambling problems using the Gambling Symptom Assessment
Scale(G-SAS) [57] to determine the gambling symptom severity
of gamblers using the app and explore the degree to which
gambling symptom severity influences the efficacy of the
intervention.

Participant Time and Reimbur sement

The total time required to complete the intervention is
approximately 6 hours. Thisincludesregistration and follow-up
evaluation surveys (1 hour), 3 time-based EMAS per day for 28
days (3 hours), and 2 hours of engagement with the action- and
coping planning intervention (5 minutes for the intervention
flow at an estimated 24 times over the 28 days). Participants
could receive a maximum of Aus $230 (US $160) in e-gift
vouchersfor participating in this study. Participantswill receive
Aus $1 (US $0.70) for each completed EMA, a Aus $20 (US
$13) bonusif >75% of EMAs are completed (to amaximum of
Aus $100 [US $69]), $50 for the posttreatment eval uation, and
Aus $50 (US $34) for the 6-month follow-up evaluation. If
selected for asemistructured interview (optional participation),
interviewees will receive an Aus $30 (US $20) e-gift voucher.

Onboarding Procedure

Recruitment materials will direct participants to Apple or
Android app stores. Once the app is downloaded, potential
participants will be directed to review the plain language
statement, aswell asthetermsof useand privacy policy. During
this process, potentia participantswill also be asked to provide
informed consent by confirming that they meet the eligibility
criteria and are willing to participate in the trial activities
(completion of brief surveys, EMAS, and ecological momentary
interventions). Participants are advised during the consent
process that, during the trial period, the app will present
strategies specifically aligned with EMA responseswith varying
levels of detail. Those who provide consent will create an
account for the Cogniss platform, including setting a username
and password and providing an email address. Following
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account creation, participants will be required to read a brief
app description and information about how the app works.
Participants will then be directed to the preintervention survey
(including their mobile number, interest in being contacted for
further research, and interest in participating in the optional
semistructured interview), after which they will be encouraged
to complete an EMA.

Distal and Proximal Outcomes

The distal outcome for Gambling Habit Hacker is gambling
expenditure. The primary proximal outcome is goal adherence
(operationalized as a binary outcome, with success defined as
actual gambling expenditure being no greater than 10% higher
than planned gambling expenditure). In exploratory analyses,
the impact of altering the flexibility percentage (eg, 20%
flexibility) and continuously scaled measures of adherence may
also be explored. To specify expenditure goals over the 28-day
MRT, participants are required to indicate their intended
gambling episodes and associated expenditure during
preintervention measurement using a TimeL.ine Follow-Forward
[58]. Actua expenditure will be collated via the event record
in each EMA: Since the last time you checked in, how much
have you spent in $ gambling? Record O if you have not
gambled. Secondary proximal outcomes are drawn from EMA
data, which allows us to examine changes across the course of
the intervention. Outcomes include the strength of intention to
adhere to gambling goas, goa self-efficacy, and urge
self-efficacy, al of which are measured in the subsequent EMA
(see the Tailoring Variables section for information on the
source and description of each variable).

Decision Points

Participants will take part in a28-day MRT in which Gambling
Habit Hacker will administer an EMA protocol that uses
time-based sampling that incorporates event-based sampling.
Each EMA comprises 18 items that assess influential internal
or situational cues and an item that assesses an event record of
any gambling expenditure since the previous EMA. The EMA
is an active assessment that is undertaken in-app and by
self-report, with completion prompted by push notifications
delivered to participants at random times during 3 prespecified
times during a day: morning (8:30 AM-11:00 AM), afternoon
(1:00 PM-3:30 PM), and evening (5:30 PM-8:00 PM). EMA
can be auto-launched via notification or through the app. Each
EMA takes approximately 2 minutes to complete and is most
often measured on a 5-point Likert-type scale with varying
response options. In the case where participants are not able to
complete the EMA when the push notification is delivered, they
will beableto completethe EMA up to two hours after receiving
the push notification to accommodate possible unavailability
such asdriving or working [55,59]. If the EMA isnot completed
within 2 hours of receiving the push notification, it isno longer
accessible and is considered not completed.

To enhance EMA compliance at the outset and during the
delivery of theintervention, the following contact protocol will
be adopted: (1) an automated welcome email when registering,
(2) a reminder email to participants who fail to complete
onboarding or fail to complete an EMA for >48 hoursfollowing
onboarding, and (3) areminder telephone call by qualitatively
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or clinically trained research fellows who till fail to complete
onboarding or an EMA in the subsequent 48-hour period (with
afollow-up SMStext message, if no answer or second follow-up
email, if they provided no valid phone number). Participants
who fail to complete an EMA following this protocol will
receive no further contact but will be eligible to receive
follow-up evaluations, aslong as they complete onboarding, at
least one EMA, and have some engagement with the app
interventions.

Tailoring Variables

The digibility for EMI content is guided by a set of tailoring
variables and decision rules [43,45,60-62]. In this study, all 18
EMA items serve as tailoring variables to ensure Gambling
Habit Hacker delivers the right amount of support at the right
time. The choice of tailoring variablesisaligned with the HAPA
model in terms of strengthening goal intention and addressing
internal or situational variablesthat could weaken intention and
the ability to implement and maintain behavioral attention.
Gamblers report that motivation is a major barrier to adhering
to gambling expenditure limits and that internal and situational
factors make it challenging to maintain change [63]. Tailoring
variables targeting both the mativation (strength of intention
for goal adherence) and valition (being able to implement and
maintain actions to limit gambling) phases were selected.

Tailoring variables are presented in Multimedia Appendix 1
[64-66]. The first set of tailoring variables was the strength of
intention (Right now, | intend to meet my goal) and goal
self-efficacy. (Right now, | am confident that | can stick to my
goal). These variables relate to the proximal outcome of
adhering to gambling expenditure limits and were adapted from
the study by Schwarzer et al [64]. The second tailoring variable
was designed to support urge self-efficacy and focused on the
confidence to adhere to gambling limits despite an urge to
gamble (Right now, it would be difficult to turn down a bet).
Thisvariableis measured using asingleitem from the Gambling
Urge Scale [65]. The third set of tailoring variables supports
maintenance of self-efficacy (confidence in implementing an
action). To do this, the focus is on high-risk situations, which
are internal and situational variables that are well-established
barriers to adhering to gambling expenditure limits [63].
Participants are asked to indicate whether they were currently
experiencing negative reinforcement high-risk situations
(difficulties and conflict or arguments with other people),
positive reinforcement high-risk situations (thinking that my
skill or system could help me to win at gambling), consuming
alcohal or drugs, and gambling proximity (gambling right now
as planned). Positive and negative reinforcement high-risk
situations were drawn from the study by Smith et a [66], with
the addition of a single item assessing current physical
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discomfort (physically uncomfortable or trouble sleeping).
Alcohol and drug consumption and gambling proximity were
single items developed for this study. High-risk situations are
assessed on a 5-point Likert scale from 1=not at all to
5=completely.

Decision Rules

Gambling Habit Hacker determines eligibility for an
intervention based on responsesto the 18 tailoring variables. A
threshold was set for each tailoring variable, which was used
to determine whether the person was eligible for an EMI. As
shown in Multimedia Appendix 1, the thresholds varied across
each tailoring variable. A score of 1 to 3 (strongly disagree to
neutral) wasthe threshold for the strength of intention (to adhere
to gambling expenditure limits) and goal self-efficacy. A score
of 3to 5 (neutral to strongly agree) was the threshold for urge
self-efficacy. A score of 2 to 5 was the threshold for being in a
high-risk situation.

Each strategy group is linked to at |east one tailoring variable,
whereby 14 strategy groups were identified for strengthening
intention to adhere to gambling limits, 12 strategy groups for
goal self-efficacy, 16 strategies for urge self-efficacy, and all
25 strategy groups for high-risk situations. As shown in Table
1, each high-risk situation was alocated between 2 and 9
different strategies that could be used to directly address
potential risk to adhering to gambling expenditure limits. Some
strategies were specific to only 1 or 2 tailoring variables; for
example, the strategy slow down the bets is only relevant to
gambling on an intended gambling day. Other strategy groups,
such astalk to someone, seek professional support, and improve
motivation, are offered across amost all situations.

If participants reach EMI €ligibility on several tailoring
variables, a predetermined hierarchy (achieved through
researcher consensus) is implemented, in which the app will
deliver the EMI relevant for the highest ranked EMA item. The
following hierarchy was determined, ranging from the most to
least immediate threat to adhering to gambling expenditure
limits: gambling proximity (whether the person is currently
engaged in planned or unplanned gambling or whether it is a
planned gambling day), weakened urge self-efficacy, being in
a high-risk situation, weakened strength of intention to adhere
to limits, and weakened goal self-efficacy. We consider current
gambling to be the most serious high-risk situation for adhering
to gambling expenditure limits, whether planned or unplanned.

Importantly, a provide nothing option is provided for situations
in which the participant ignores the push notification prompting
EMA completion or pressesthe snooze function to indicate that
they are currently unableto completethe EMA (which suggests
that they are not in a state of receptivity).
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Table 1. Just-In-Time Adaptive Intervention decision rules linking tailoring variable (time-based ecological momentary assessment) with ecological

momentary intervention response®.

Strength of intention  Goal self-efficacy Urge self-efficacy  High-risk situations”

EMI strategy group activated®

a
a

O 0o o o o o

O a

O

O o o o o

O o o o

O

QL, Q4, Q5, Q6, Q7, Q11, and Q14

Q3and Q8

Q6, Q9, Q10, Q13, and Q14

Q1, Q4, Q6, Q8, Q9, Q10, Q12, Q13, and Q14
Q1, Q2, Q3, Q4, Q5, Q6, Q7, Q9, Q11, and Q14
Q1, Q3, Q4, Q5, Q6, Q11, and Q14

Q2, @3, Q5,Q7, @8, Q11, and Q13

Q3and Q12

Q8 and Q12

Q1, Q3, Q6, Q8, Q12, and Q14

Q4, Q9, Q12, Q13, Q14, and Q15

Q4, Q13, Q14, and Q15

Q1, Q4, Q7, Q8, Q10, Q13, Q14, and Q15

Q6, Q7, Q8, Q10, Q13, and Q15

Q1, Q4, Q5, @8, Q9, Q10, Q12, Q13, and Q14
Q1, Q4, Q5, Q6, Q7, Q9, and Q10

Q2, @8, Q10, and Q11

Q1, Q2, Q4, Q6, @8, Q13, Q14, and Q15

Q3, Q10, Q11, and Q12

Q1, Q2, Q3, Q8, Q9, Q10, Q11, Q13, and Q14
Q4, Q9, Q13, Q14, and Q15

Q9 and Q13

QL, Q4, Q5, Q6, Q7, Q9, Q10, and Q12

Q5, Q6, Q7, and Q11

Q1, Q2, Q3, Q5, Q6, Q7, and Q14

Build commitment

Build momentum

Control cash in venue
Control gambling urges
Do something else

Deal with emotions

Grab atreat

Impose rewards and conseguences
Keep to budget

Know reasons for change
Know tricks pokies play
Know when to walk away
Limit cash

Prepokies prep

Reduce cash in hand
Reduce gambling thoughts
Reduce stress

Strengthen goal

Support good health

Seek professional support
Self-control in the venue
Slow down the bets

Stay away from venues
Swap gambling

Talk to someone

80n the basis of whether the participant has the current availability to complete the ecological momentary assessment.

le: temptations to gamble, such as having money or being reminded of gambling; Q2: difficulties, conflict, or arguments with other people; Q3:
unpleasant feelings such as depression, loneliness, or frustration; Q4: wanting to win back money or thinking about winning more; Q5: feeling good
and want to gamble today, but today is a no gamble day; Q6: people are encouraging, pressuring, or creating a desire to gamble; Q7: wanting to pass
some time; Q8: worry about debt or how you will pay the bills; Q9: thinking that your skill or system could help you to win at gambling; Q10: you are
drinking or taking drugs; Q11: physically uncomfortable or having trouble sleeping; Q12: beginning to think that you no longer have agambling problem;
Q13: gambling right now as planned; Q14: gambling right now but not planned; Q15: not gambling right now but a planned gambling day.

CRefer to Table 2 for strategies within each group.

Microrandomization Procedure

Each time a participant completes an EMA, responses will be
assessed for intervention eligibility (Figure 1). If a participant
is eligible for an EMI at that point in time, they will be
randomized to one of the following two conditions: (1) specific
strategies with facilitated action- and coping planning or (2)
control group (strategy groups—strategy group level names
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only). Randomization to the 2 conditions occurs in real time
within the app algorithm; at the time, the participant becomes
eligiblefor the EMI and occurs on a50:50 split between control
and intervention. The microrandomization procedure used by
Gambling Habit Hacker uses afully automated randomization
process, whereby a random number generator is embedded in
the app. This guarantees that the administration of treatments
and assessment of outcomes are fully blinded.
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Figurel. Microrandomized trial design of Gambling Habit Hacker. AP: action planning; CP: coping planning; EMA: ecological momentary assessment;

EMI: ecological momentary intervention.
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I ntervention Options

Overview

The Gambling Habit Hacker app is part of a suite of
interventions for addictive behaviors that delivers
implementation support based on lived experience, along with
goal setting, action planning, and coping planning [39,58,67].
In this study, Gambling Habit Hacker is delivered as a J TAI
that deliversin-the-moment support for adhering to the gambling
expenditure limits. The overarching set of principles guiding
the Gambling Habit Hacker app is the HAPA [32] and
self-determination theory [29]. HAPA guided the selection of
BCTs: goal setting, action planning, coping planning, and
self-monitoring as the mechanism for bridging the gap between
intention and behavior. Self-determination theory guided the
delivery of BCTs, whereby goal setting and planning were
personalized to support individua autonomy and the
development of competence [29,35]. In-app communication
was nonjudgmental and respectful and aimed to support
relatednessthrough theinclusion of lived experienceinformation
and quotes. In accordance with self-determination theory,
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participants can select any gambling expenditure limit, including
reduction or abstinence [29].

I ntervention Condition—Strategy Groups, Action
Planning, and Coping Planning

Gamblersuse awiderange of cognitive and behavioral strategies
to limt or reduce their gambling behavior
[15,17,18,20,23,26,30,68]. To support participants in selecting
and implementing the right strategy at the right time, we
developed acomprehensivelist of strategy options. Each option
contains a strategy name such as social support and
implementation guidance such as talking to someone about
gambling. Each strategy was categorized into a higher order
group, which is referred to as a strategy group (n=25). Each
strategy group contains between 4 and 6 strategies, each with
detailed implementation guidance (120 strategiesin total). For
reporting and comparison with the broader literature, strategy
groups were organized into 10 higher order BCT categories
[14]. Asindicated in Table 2, these were avoidance, rewards,
substitution activitiesand socia support, and categoriesof BCTs
identified in the gambling literature [15], including maintaining
momentum, staying in control while gambling, urge
management, financial management, and managing emotions.
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Table 2. Individual strategies for adhering to gambling expenditure limits organized by behavior change technique (BCT) category and strategy group.

BCT category (n=10) and strategy group (n=25)

Individual strategies (n=120)

Avoidance
Stay away from venues
Financial management

Keep to budget

Reduce cash in hand
Limit cash

Maintaining momentum
Build momentum

Strengthen goal

Know reason for change

Build commitment
Managing emotions

Deal with emotions

Rewards

Impose rewards and consequences

Grab atreat
Substitution activities

Do something else

Swap gambling

Social support
Talk to someone

Seek professional support

Staying in control while gambling

Prepokies prep

Control cash in venue

Slow down the bets

Know when to walk away

Increase self-control in venue

Stress management
Reduce stress
Support good health

Urge management

Control gambling urges

Ban yourself; go away now; block online venue; deal with social pressure.

Calculate cash allowance; get a debit card without cash access; block access to online banking;
cancel or destroy credit cards; ensure you cannot draw money from assets; keep wages safe.

Pay hills; buy essentials; set up savings account.

Set a cash limit today; leave cards at home; change personal identification numbers; give cards
to afamily member; use prepaid cards; reduce automated teller machine limits.

Know reasons for change; take it a day at atime; take it slow and steady; pause and celebrate.

Keep your plan number 1; slow down the emotional roller coaster; let go of guilt and shame; get
inspiration.

Identify gambling cons; change pros; know your rock bottom; identify harm; stop chasing losses;
accept loss of control.

Build confidence; build willpower; increase accountability; focus on today.

Deal with boredom; deal with frustration; deal with pain; deal with anger; deal with loneliness;
deal with happiness.

Accept areward; give yourself areward; create afuture reward; set up a penalty system; give
yourself ared card.

Feel good treat; get creative; connect with someone; achieve something; do something fun.

Get busy; get moving; connection; get a positive addiction; feel good.

Play low-cost games; play no cost pokies; play no cost casino games; get adrenalinein adifferent
way; play other games.

Talk it over; admit or confess; be accountable; get advice; find someone to support your goals.

Talk to agambling counsel or; talk to acounselor about mental health; talk to afinancial counselor;
go to a support group; go to a 12-step group; access online support.

Set your loss limit; set your time limit; leave cash and cards at home; |eave cash and cardsin the
car; give cash and cardsto afriend.

Avoid automated teller machines; do not borrow money; keep winnings.

Change machines often; take breaks; keep the same bet size; take time between spins; avoid
chasing losses.

Walk away when limits are reached; walk away when you hit your time limit even if it is fun;
walk away when it is no longer fun; walk away from social pressure.

Do not get comfortable; view gambling as entertainment; address thoughts of abandoning limits;
avoid stimulants.

Sleep; take awalk; cut stimulants; relax; self-massage.

Eat healthy; cut acohol; check your mental health; practice mindfulness; exercise.

Stay away from a venue; reduce mental tension; walk out of a venue; remove access to cash;
deal with payday; do something else; learn to say no.

https://www.researchprotocols.org/2022/7/€38919

RenderX

JMIR Res Protoc 2022 | vol. 11 | iss. 7 |[€38919 | p.73
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Roddaet d

BCT category (n=10) and strategy group (n=25)

Individual strategies (n=120)

Reduce gambling thoughts
mission giving.

Know tricks pokies play

Deal with advertising; address thoughts of wining; address thoughts of gambling; deal with per-

L et go of lucky charms; remember pokies are based completely on chance; notice losses di sguised

as wins; remember no skill is needed.

Even though gamblers use a wide range of strategies, studies
indicate that up to 80% of gamblers fail to adhere to their
gambling limits[25]. Forming specific plans about how, when,
and where to act has been shown to increase adherence to
gambling limits in gambling venues [39]. The action planning
component prompts participants to develop personally tailored
action plans that respond to immediate threats to adhering to
gambling limits. Participants allocated to the intervention
condition received alist of tailored strategy groups (6-16 groups)
based on the results of their EMA. Participants can select a
strategy group, and the app then provides alist of al relevant
individua strategiesfrom which they can select. Upon selection,
the app provides a detailed description of methods for
implementation (drawn from lived experience research; seethe
Consumer  Participation section [15]) and offers
strategy-specific promptsfor the personalization of the strategy.
Asanillustration of thisprocess, if the participant wereto select
Talk to someone from the list of strategy groups, they would
then be presented with alist of five individual strategies. Talk
it over, Admit or confess, Be accountable, Get advice, and
Someone to support your goals. If the participant then selected
the strategy Be accountable, the app will provide the following
information: how to identify someone that will hold you
accountable for your plan, different ways to involve others for
accountability, how having someone for accountability can
make you feel, and what can get in the way of your plans. The
app further prompts the participant to think of specific details,
such asthe name of the person they will be accountable to; why
this person is a good option; and whether they will text, call,
chat, or email that person. Once participants are provided with
all the information and prompted to consider specific details,
they are asked to record their action plan. The app producesthe
following prompt: If this strategy sounds good to you, then take
action. Write your plan here on how you will (name of the
strategy). Includein your plan something you can do right now.
Be specific about what you will do and how you will do it. The
prompt is followed by an open text field for the participant to
detail their personalized, detailed action plan.

Action planning can bridge intention and behavior, but it does
not directly address barriersthat can get in the way of even the
most robust plans. The coping planning component involves
the devel opment of apersonally tailored coping planin response
to aproximal implementation barrier [69]. Action planning and
coping planning are devel oped simultaneously, based on aseries
of promptsin the app. Participants are prompted to identify the
main barriers to their action plan implementation by selecting
1 of 7 categories. thoughts, emotions, motivation, situation,
self-belief, financial, and social. Participants are prompted to
describe the selected barrier in an open text field and to detail
how that barrier can get in the way of their action plan. The app
then prompts participantsto identify what they can do right now
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to overcome the barrier and get back on track with the plan
(open text field).

Oncetheplanis saved, commitment and self-efficacy activities
facilitate the strategy’s engagement and throughput. This activity
involves focusing on character strength and mental rehearsal
[70,71]. Consideration of character strengths is prompted by
Name your strength that can help you stick to your plan and
overcome the barrier you have identified. Write down exactly
how this strength will be useful (open text field). To undertake
mental rehearsal, the person is prompted to imagine
implementing their plans. A prompt for mental imagery is
provided as follows:

You have decided what to do, so take a moment to
visualize yourself doing it. Close your eyes and
imagine yourself doing what you need to do. Imagine
it going well. Imagine feeling happy that you take this
action. You feel proud of yourself and feel good
because you have control. You are ready to do this
action right now.

Once completed, the app provides an encouraging message:

Great work in putting together your plan and
identifying your strengths. Thisisreally goingto help
you stick to your gambling goals. We will check in
again in a few hours to see how you are going.

Control Condition—Strategy Group Names Only

Participants allocated to the control condition will receive alist
of all 25 strategy groups (names only), with no specific strategies
or implementation guidance provided. Once participants select
a strategy group name, such as Talk to someone, the app
provides an encouraging message: It is a great idea to (insert
strategy group name). We will get in touch with you soon to
check how you are doing. Providing information at the strategy
group level is similar to responsible gambling messaging and
reflects a real-world experience of these messages.

Consumer Participation

People with lived experience of gambling problems are
represented in all aspects of Gambling Habit Hacker, including
identification of intervention content, testing of app
functionality, and recommendations for future improvements
viapostintervention survey items and semistructured interviews.
The app includes detailed implementation support, delivering
>70,000 words of content. This content was sourced from
consumer accounts representing >2000 individualsfrom various
sources, including counseling transcripts [26], in-venue surveys
[23], online forums [17], and community-based quantitative
and qualitative surveys[15,30]. Within the app, quotes are taken
directly from this lived experience research, selected to align
with each strategy group.
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Within-Group Evaluation

In addition to MRT, this study will include a within-group
follow-up evaluation over a 6-month period to (1) examine
within-group change over the 6 months following the end of
the MRT and (2) identify predictors of these longer-term
treatment outcomes (including usage of the app over the
follow-up period). Surveys taking 10 to 15 minutes will be
administered before intervention (viathe app), aswell as after
intervention and at the 6-month follow-up (via Qualtrics).
Descriptive  and  covariate measures  will  include
sociodemographic characteristics (age, sex, current residence,
primary ethnicity, and personal annual grossincome), problem
gambling activities (6 types of gambling), and intended
gambling behavior as measured by the TimelLine
Follow-Forward [58], volitional phase [72], and help seeking
[73]. To assess the volitional phase, participants will be
presented with 4 statements. | am deciding whether | need to
change my gambling (predecisional); | am getting ready to
change my gambling (postdecisional); | have aready started to
change my gambling (actional); and | have successfully changed
my gambling and want to maintain this change (postactional).
Posttrial and 6-month follow-up participants will be asked to
report on their previous help-seeking behavior using 9 items
from the Hel p-Seeking Questionnaire [ 73]. Thisincludes5 items
related to high-intensity help seeking and 3 items related to
low-intensity help seeking. An item related to self-directed help
seeking will also be administered to assess engagement with
self-exclusion.

The primary outcome for the within-group evaluation will be
gambling expenditure (measured using a TimeLine Follow-Back
at the preintervention eval uation, the EMA data collected during
the intervention period and amalgamated for the posttreatment
evaluation, and single items at the 6-month evaluation).
Secondary outcomes will include gambling symptom severity
measured using the G-SAS [57], gambling frequency with the
TimeLine Follow-Back at the preintervention evaluation (EMA
data at the posttreatment evaluation and single items at the
6-month evaluation) [74], psychological distress measured using
the Kessler 6 Psychological Distress Scale [75], persona
well-being measured using the Personal Wellbeing Index [76],
the Brief Situational Confidence Questionnaire [77], and
planning propensity measured using an adapted action control
guestionnaire that assesses action planning, coping planning,
and action control [78]. A summary of the measures and the
measurement time points (beforeintervention, after intervention,
and follow-up) for the within-group evaluation are presented
in Multimedia Appendix 2.

To enhance engagement with the posttreatment and 6-month
follow-up evaluations, the following protocols will be
implemented. An email will be sent to all participantsto prompt
survey completion, with asecond reminder email for those who
fail to complete within a week. An advance notice email will
also be sent aweek before the 6-month surveys are administered.
For those who have not completed the survey after a further
week, up to two reminder telephone calls will be made by a
clinical or qualitatively trained researcher. At each time point,
the option to compl ete the survey over the phone with atrained
research fellow will be offered. Participants who do not
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complete posttreatment evaluation will be contacted at the
6-month evaluation unlessthey have withdrawn from the study.

During the 6-month eval uation period, Gambling Habit Hacker
will be available to participants for continued use. The tailored
intervention content will be available on demand, meaning that
participants can complete EM Asat any time of theday or night.
The intervention content will still be tailored, but participants
will not receivethe 3timesdaily promptsfor EMA completion.
This approach is designed to encourage participants to
incorporate action- and coping planning skills in everyday
situations and settings when there is a shift in motivation,
self-efficacy, or the presence of high-risk situations.

Acceptability Outcomes

Acceptability is operationalized as a multifaceted construct
reflecting the degree to which participants consider Gambling
Habit Hacker to be appropriate, based on their emotional and
cognitive responses to the app [79]. Specifically, intervention
fidelity will be assessed by the proportional response to EMA
notifications, strategy selection, and completion of the written
text for EMI action and coping plans. The content of each
personalized action and coping plan will also be reviewed and
rated: O=not completed, 1=partially completed (ie, plan is
created but ismissing key detail on how or what the person will
doright now), and 2=completed (ie, planis created and includes
all details as prompted). Subscales of the Mobile App Rating
Scale [80] will be used to measure the subjective quality (4
items: willingnessto recommend the app, future use, willingness
to pay, and overall perception of quality) and perceived impact
(6 items: awareness, knowledge, attitudes, intention to change,
help seeking, and behavior change) of the app. App use and
engagement will be assessed across the 28-day MRT and
6-month follow-up period by download information, onboarding
information, app use information (eg, EMA compliance,
intervention eligibility, participant retention, and intervention
activities completed), and other evaluation information. A series
of semistructured interviews will be conducted 28 days after
trial with a subsample of 10 participants from the MRT.
Participants will be selected based on gender and app use (high
or low), with participants prioritizing the state of New South
Wales in alignment with the funding source. Participants will
be individually interviewed via videoconferencing and asked
about their experiences with the Gambling Habit Hacker app
aswell asits perceived helpfulness and areas for improvement.

Sample Size

A sample size of 200 will be recruited based on a conservative
anticipated 40% attrition rate [52], providing afinal sample of
120 at 6 months after evaluation. This sample size provides
>85% power to detect asmall binary outcomeintervention effect
of relative risk=1.20 (0=.05; availability parameter=0.3;
randomi zation probability=.50; probability of outcome without
intervention=.25) [81].

Statistical Analyses

To assess the research questions, the method of generalized
estimating equations will be used, with an appropriate link
function for the outcome of interest (eg, logit or identity).
Although an exchangeable working correlational structure is
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intended to be used for the analyses, considerations will be
given to aternative correlational structures based on the
observed within-person correlation pattern over the course of
the study (eg, independent or auto-regressive). For all MRT
analyses, the (lagged) outcome of interest (eg, adherence to
expenditure limit at Time,4) will be regressed on a variable
denoting the treatment received (ig, intervention vs control) at
Time, as well as covariates (including unbalanced time). The
primary analyses will explore the effect of intervention versus
control on the probability of adherence to expenditure limitsin
the subsequent episode. The identification of the conditions
under which the interventions are most beneficial and how the
effect of the interventions changes over the course of the MRT
will be examined by specifying interaction terms between the
intervention variable and interaction variables of interest (eg,
strength of intention and time).

The long-term outcomes of the intervention (within-group
follow-up evaluation) will be explored, whereby distal outcomes
will be assessed using generalized estimating equations by
regressing the outcome of interest (eg, gambling expenditure)
on a variable denoting time (ie, before intervention, after
intervention, and 6-month follow-up) and covariates. The
identification of factors predicting longer-term outcomes will
also be assessed by regressing the outcome of interest (eg,
clinically significant changes in gambling expenditure) with
selected preintervention, postintervention, and app usage
variables. Where appropriate, missingness will be addressed
using multiple imputations with appropriate accounting for the
multilevel nature of the data (eg, multilevel multipleimputation).

In addition to the effect sizes for al primary and secondary
outcomes, the metrics of individual-level change will be
calculated for al primary and secondary outcomes. Changes
beyond that attributable to chance or measurement error will
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be evaluated using Reliable Change Indices[82], and clinically
significant changes [83] will subsequently be calculated at
postintervention and 6-month eval uation using functional score
ranges where possible (G-SAS score of <20 and K6 score of
<13) or at least a25% improvement in scores [84]. Participants
will be identified as recovered (final score falls into the
functional range and correspondsto areliable change), improved
(final score corresponds to a reliable change but falls into the
dysfunctional range), unchanged (fina score does not
correspond to a reliable change), or deteriorated (final score
corresponds to arelative change in the negative direction).

Ethics Approval

Thistrial has been approved by the Deakin University Human
Research Ethics Committee (2020-304) and prospectively
registered with the Australian New Zeadland Clinical Trials
Registry (ACTRN12622000497707).

Results

The development and evaluation of Gambling Habit Hacker
was a collaboration between Deakin University, University of
Auckland, Turning Point, and 2and2 (app developers) and
funded in June 2019 by the New South Wales Government’s
Responsible Gambling Fund. In line with J TAIl development
recommendations [43], amultidisciplinary team was created to
draw on behavior change expertise from clinical and social
psychology, implementation science, biostatistics, and research
design, in conjunction with smartphone app developers. The
devel opment of the treatment content was|ed by thefirst author
(SNR) and is part of a broader program investigating
implementation planning for addictive behaviors. The app is
hosted on the Cogniss behavior change platform created by
2and2, a custom technology solution developer. Illustrative
screenshots of this JITAI are displayed in Figure 2.
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Figure 2. Illustrative screenshots of the Gambling Habit Hacker app.
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Following an extensive development period, Gambling Habit
Hacker was subjected to user testing of app functionality
between June 2021 and July 2021 with 14 gambling experts.
The testers included gambling counselors (n=5), gambling
researchers (n=5), and people with lived experience (n=4).
Consumers were 3 men and 1 woman, with an average score
on the Problem Gambling Severity Index in the problem range
(mean 13.0, SD 9.1). Testers used the app on Android and 10S
devices for a 3-day period and provided quantitative and
qualitative feedback on acceptability, usability, and quality.
Quantitative evaluation was performed using the Mobile App
Rating Scale[80], which comprises 23 items across 4 subscales
measuring perceived engagement, look and feel, functionality,
and quality. Expertswere reimbursed with an Aus $50 (US $34)
e-gift voucher for their time.

Quantitative evaluation indicated that al scores were higher
than the minimum acceptability score of 3, which suggests that
the app may be helpful [85] (Multimedia Appendix 3).
Intervention content was rated highly in terms of strategy
relevanceto plan creation (>7 out of 10), helpfulness of strategy
description (almost 8 out of 10), and quotes on lived experience
were perceived as helpful (>7 out of 10). Expertsrated planning
functionality highly (>7 out of 10) and indicated slightly lower
scores for helpfulness of information in coping planning (>6
out of 10). Thelowest rated itemswere TimeL ine Follow-Back
(calendar to assess past-month gambling behavior) and
TimeLine Follow-Forward (calendar to assess planned gambling
behavior over the next month), where ease of completion was
rated as just over 3 out of 10. Qualitative data were generally
positive in terms of comprehensiveness and quality of
information, credibility, graphics, and interactivity. The main
issues raised were related to functionality in terms of loading
times, errors in the notification schedule, and difficulty in
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entering and saving data in the timeline calendars. The
evaluation also indicated that the participant burden needed to
be reduced in terms of the length of pretrial measures and the
time required to complete the EMA items. Technical issues,
including user acceptability concerns, were addressed through
extensive redevel opment of the calendars, reducing the number
of itemsin the baseline and EMAS, and correcting the schedule
of notifications. A total of 3 testers subsequently used the app
again and confirmed that the issues had been satisfactorily
resolved.

The user testing phase of the app-administered action planning
and coping planning as separate interventions, where coping
planning was delivered 30 minutes after action planning and
only where partici pantsindicated that they had not implemented
their action plan. User testing revealed that this was confusing
and was an added burden, which meant most participants did
not complete coping plans even if they were assessed aseligible
(ie, they had not implemented the action plan). In response to
thisfinding, we merged action- and coping planning asasingle
intervention delivered concurrently (without atime delay).

The empirical data gathered as part of thistrial will be used to
optimize the JITAI and to make it more efficient, effective, and
scalable. The app is available for download in Australia and
New Zealand for Apple (App Store) and Android (Google Play
Store) devices. Following its release on the app stores, a total
of 7 pilot participants were recruited to check all protocols, and
the functionality was operated as intended. Advertising
commenced on April 11, 2022, and as of May 26, 2022, atotal
of 36 participants were recruited for the trial. The tria is
expected to conclude in early 2023 with results published
mid-2024.
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Discussion

Overview

Preliminary findings suggest that Gambling Habit Hacker is
acceptable and feasible for adhering to gambling expenditure
limits. To the best of our knowledge, this study is the first to
examine the effectiveness of red-time support for
implementation planning activities to adhere to gambling
expenditure limits. Using an MRT design, this trial will
determine if real-time action- and coping planning are more
effective than no intervention in adhering to gambling
expenditure limits (primary proximal outcome), and using a
within-group evaluation, it will determine whether there are
reductions in gambling expenditure (distal primary outcome).
Consistent with the HAPA model and implementation planning
literature, participants are encouraged to specify their gambling
intentions (using the TimeLine Follow-Foward) and then use
tailored planning to identify opportunities to act. This
information will be used to optimize the content of the next
verson of Gambling Habit Hacker in line with
recommendations for digital behavior change methods and
JTAI development [43,86,87].

Consistent with recommendations [43,87], Gambling Habit
Hacker is based on well-established behavior change
frameworks that delineate intentional and volitional phases,
targeting the volitional phase. It is aso based on the BCT of
goal setting (TimeL ine Follow-Forward) with BCTsfor specific
steps of planning and self-regulation incorporated within the
intervention. EMA items are drawn from areas consistently
associated with gambling lapses, such as urges and high-risk
Situations. The EMI content of the active components is
designed from the planning literature, specifically examining
action- and coping planning. The MRT design allows the
evaluation of the intervention components within each subject,
providing enhanced statistical power to explore the efficacy of
theintervention on real-time variationsin behavioral outcomes.
All communications within the app are aligned with the
self-determination theory, whereby the app offers real-world
stories by way of developing relatedness, offers personalized
goal setting and planning (autonomy), and provides repeated
attempts to practice planning, as well as the identification of
barriers that can improve the individual’s chances of adhering
to their limits (competence).

Roddaet d

Similar to previous studies [36,40], it is proposed that the
structure of thisintervention could be relevant to any behavior
change. We selected adhering to gambling expenditure limits
asthe proximal goal to be attained, and the strategies presented
have comefrom gamblers’ reports on how to adhereto gambling
limits and the associated challenges. EM As assess the presence
of internal and situational cues for unplanned gambling;
however, the app design could be adapted to other behaviors
where threats to adhering to limits have been identified. The
planning framework would remain the same across any health
behavior.

Little is known about hourly, daily, or weekly fluctuations in
the strength of individuals gambling goals or the experience
of internal or situational cues associated with unplanned
gambling. Although this work will provide such knowledge,
there is a risk that the timing and frequency of the EMAS (3
times per day) may be too few on some days and too many on
othersor that thetiming isnot aligned with high-risk situations.
For example, evening EMASs conclude at 8 PM even though the
risk of being in a gambling venue may be outside these hours.
Following this, there is a chance that a limited number of
EMI-eligible moments will be identified. Although designed
for low burden, the repetitive nature of EMA items may lead
to low engagement and automatic responses to questions or
dropouts. While planning activities are undertaken within the
app, implementing the plan is done in the real world. A
subsequent limitation is that the completion of activity after
planning cannot be monitored.

Dissemination of Findings

The results of this trial will be disseminated to peer-reviewed
journals, conference presentations, and stakeholder forums.
Plain language findings will be disseminated to participants
who indicate an interest in the study findings. Participants can
access the findings on project websites [88,89].

Conclusions

The am of Gambling Habit Hacker is to provide
evidence-based, real-time support for individuals wishing to
adhere to their gambling expenditure limits. Through the use
of the app, individuals cognitive burden in identifying,
evaluating, selecting, and operationalizing an appropriate option
is reduced. The app and associated algorithms present
appropriate strategiesin line with personalized real -time EMA
outcomes.
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Abstract

Background: Cancer survivors are vulnerable to experiencing symptoms of anxiety and depression and may benefit from
accessible interventions focused on improving emotion regulation. CanCope Mind (CM) was devel oped as an internet-delivered
intervention adapted from the Unified Protocol for Transdiagnostic Treatment of Emotional Disorders to improve emotion
regulation and support the mental health of cancer survivors.

Objective:  This protocol aims to provide an outline of the CanCope Study, a trial comparing the efficacy of a Unified
Protocol—adapted internet-delivered intervention (CM) designed for cancer survivors compared with an active control condition—an
internet-delivered healthy lifestyle intervention, CanCope Lifestyle (CL). The primary aim isto assess and compare the efficacy
of both interventionsin improving emotion regulation, anxiety and depressive symptoms, and quality of life. The secondary aims
involve assessing the mechanisms of the CM intervention.

Methods: Thistria isa2-arm randomized controlled trial that allocates cancer survivorsto either CM or CL. Both interventions
comprise 4 web-based modules and are expected to take participants at least 8 weeks to complete. Participants mental and
physical health will be assessed via self-reported surveys at baseline (T;), between each module (T4, T,, and T5), immediately
after the intervention (T,), and a 3-month follow-up (Ts). The study aimsto recruit 110 participants who have completed T,.

Results: The CanCope study began recruitment in September 2020. A total of 224 participants have been randomized to the
CM (n=110, 49.1%) and CL (n=114, 50.9%) groups.

Conclusions: Thisisoneof thefirst trialsto devel op and investigate the efficacy of aweb-based intervention for cancer survivors
that specifically targets emotion regulation.

Trial Registration: Australian Clinical Trials ACTRN12620000943943; https://tinyurl.com/b3z9cjsp
International Registered Report Identifier (IRRID): DERR1-10.2196/36658

(JMIR Res Protoc 2022;11(7):€36658) doi:10.2196/36658
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Introduction

Background

Theend of cancer treatment isachallenging transition for many
cancer survivors. Individuals can continue to experience
cancer-related distress long after primary treatment has ended.
Specifically, 42% and 29% of cancer survivors experience at
least subclinical symptoms of anxiety and depression,
respectively, and worse mental health compared with the genera
population [1-3]. Even 10 years after a diagnosis, large
population-based studies have shown that cancer survivors are
at an elevated risk of experiencing anxiety and depressive
symptoms compared with cancer-free, age-matched controls
[4]. Advances in diagnosis and treatment have resulted in an
increasing number of individuals surviving cancer. Therefore,
there is a need to support the ongoing mental health of cancer
survivors.

Emotion regulation can be defined as the ability to adapt to
on€'s affective experience, such as maintain, increase, or
decrease fedlings, behaviors, or physiological responses that
comprise an emotional experience[5]. Difficulty with emotion
regulation, or emotion dysregulation, is a core transdiagnostic
feature underlying the devel opment and maintenance of multiple
psychopathologies, including anxiety and depression [6,7].
Emotion regulation capacities may account for one’s ability to
manage stressful life events, including cancer [8-10]. Strategies
for regulating emotions can be categorized as either
avoidance-oriented (ie, disengagement-based, such asexpressive
suppression, experiential avoidance, and denia) or
approach-oriented (ie, engagement-based, such as cognitive
reappraisals, problem solving, emotional expression, and
acceptance). Avoidance-oriented strategies are associated with
higher rates of emotional distress than approach-oriented
strategies, including anxiety and depressive symptoms among
cancer survivors [11-14]. Therefore, upregulating adaptive
emotion regulation processes may be an effective way of
improving mental health outcomes among cancer survivors.

One cognitive-behavioral intervention designed to target
approach-oriented emotion regulation is the Unified Protocol
(UP) [15]. The UPisconsidered transdiagnostic asit effectively
improves emotional distress, including symptoms of anxiety
and depression, across a range of psychopathologies [16].
Furthermore, pilot studies have demonstrated that the UP may
improve depressive symptoms and emotion regulation among
people with breast cancer [17]. This suggests that the UP may
be effectively adapted for oncological populations. Onthebasis
of these findings, we recently developed the CanCope
intervention, an internet-delivered adaptation of the UP's
modules, tailored to the needs of cancer survivors of any
diagnosis. Each CanCope modul e was assessed independently
inaseriesof pilot trials. Our results suggested high feasibility,
participant satisfaction, and preliminary efficacy of each
independent modulein improving emotion regul ation and mental

https://www.researchprotocol s.org/2022/7/e36658

health symptoms when delivered remotely [18]. These are
promising preliminary findings, given that accessibility to
face-to-face mental health support for oncological populations
isoften comprised of geographic location, financial strain, lack
of available health care personnel, the iatrogenic effects of
cancer treatments, and more recently the COVI1D-19 pandemic
[1,19-24]. This inequality in care indicates the need for
evidence-based, remotely delivered, and scalable psychological
interventions for cancer survivors.

Although many psychological interventions target the mental
health of patientswith cancer and cancer survivors[25-27], few
have examined the potential underlying mechanisms. This is
not specific to psycho-oncology; the lack of well-designed
mechanistic research iswidespread acrossintervention research
[28,29]. Overall, there is a lack of understanding around why
and how interventions achieve their desired effects. For instance,
meta-analytic findings reveal that even though the UP may be
effective in improving symptom outcomes, there is a lack of
evidence to suggest that these effects are mediated through
changes in emotion regulation [16].

Similarly, little is known about the effectiveness of specific
intervention components, information critical for understanding
the causal mechanismsthat driveimprovementsin mental health
[30]. Uncovering intervention mechanisms and active
componentsis required to optimize future intervention designs
and maximize treatment efficiency and outcomes [29,31]. The
UP dlows for the assessment of mechanisms, as the protocol
adoptsamodular approach, where each modul e targets adistinct
emotion regulation skill (eg, identifying and understanding
emotions, mindful acceptance of emotions, cognitive
reappraisals, and experiential avoidance). One small study
assessed the effects of each of these modules when delivered
in-person, and the findings support the isolated therapeutic
effects of each UP component [32]. Theauthors’ CanCope pilot
studies extended these findings, showing that when delivered
via the internet, each independently delivered module was
associated with improvements in the intended modul e-specific
outcomes [18]. For example, unhealthy beliefs about emotions
reduced after participating in the CanCope Understanding
Emotions module, and levels of mindfulness increased after
taking part in the CanCope Mindful Emotion Awarenessmodule.

In addition, evidence suggests that the UP may improve broader
health outcomes and overall quality of life (QoL) [16,33-35].
Compared with the general population, cancer survivors
experience inferior QoL. Indeed, up to 75% of survivors
experience iatrogenic health deficits associated with reduced
QoL and length of survival [22,36]. Emotion regulation is
plausibly related to QoL among cancer survivors [37]. How
people with cancer regulate emotions is associated with both
the physiological and psychological adaptation to cancer, which
can in turn impact QoL and disease prognosis [38]. Thus, the
UP-adapted and cancer-specific CanCopeintervention may not
only improve emotion regulation but also overall QoL. By
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assessing intervention effects on QoL, and not simply deficits
in mental health, amore holistic and meaningful perspective of
health can be examined.

Aims and Hypotheses

To address these limitations, a 2-arm randomized controlled
trial was designed to assessthe efficacy of aninternet-delivered,
multimodular UP-based intervention package with all modules
combined, titled CanCope Mind (CM). CM was compared with
ahealthy lifestyle active control intervention, CanCope Lifestyle
(CL).

Primary Aim

Aim 1 is to assess the efficacy of CM versus CL in reducing
emotion dysregulation (primary outcome) and in improving
anxiety and depressive symptoms and QoL (secondary
outcomes) in cancer survivors. Hypothesis 1 states that,

Table 1. CM?module outline and outcomes.

Smith et al

compared with CL, after treatment (T,), cancer survivors
randomized to CM will experiencefewer difficultiesregulating
emotionsaswell aslower symptoms of anxiety and depression.
Both CM and CL are expected to improve QoL, as CL includes
components that target diet, physical activity, relaxation, and
sleep. Given that these 4 lifestyle factors are associated with
improved QoL, it is unclear whether CM or CL will be more
effective in improving QoL.

Secondary Aims

Aim 2 (Exploratory)

Aim 2 is to explore the role of each of the CM modules and
whether the intervention is associated with changes in
modul e-specific target outcomes (see Table 1 for CM modules
and their associated outcomes).

Module Description

Module-specific outcomes

1. Understanding .

emotions tivity.

Part 1 (2 days): learn about the adaptive functions of emotions. Day 1Pisacore ac-

Decrease unhelpful beliefs about
emotions (BES® [39])

e Part 2 (2 days): learn about unhelpful beliefs about emotions.
o  Part 3 (10 days): learn about the 3-component model of emotional experiences
(thoughts, feelings or physical sensations, and behaviors). Explore each component

inone’'sdaily life. Day 5P isacore activity.

2. Mindful emotion
awareness

Part 1 (7 days): learn about mindfulness and nonjudgment of emotions. Practice
mindfulness using daily 10-min guided audios. Day 1Pisacore activity.

Increase mindfulness skills (SM Qd
[401)

3. Flexiblethinking

4. Doing things dif-
ferently

Part 2 (7 days): practicedaily “anchoring” techniquesto ground oneself in the present
moment. Day gPisacore activity.

Part 1 (14 days): learn about common “thinking traps” (ie, cognitive distortions such
as catastrophizing) and how to challenge cognitive distortions. Practice daily cognitive

reappraisal exercisesto develop balanced thinking patterns. Day 1Pisacore activity.

Part 1 (6 days): learn about the impact of unhelpful EDBSY (eg, avoidance) in per-
petuating negative thoughts or emotions. Practiceidentifying one’'sown EDBs. Day
1Pisacore activity.

Part 2 (8 days): learn about the importance of challenging EDBs. Practice replacing
unhelpful EDBswith healthier alternative actions (eg, approach-oriented rather than

Increase use of cognitive reappraisa

strategies (CERQ®, UP-CSQ'
[32,41])

Decrease experiential avoidance
(MEAQ-30"[42])

avoidance-oriented behaviors). Day 7% isa core activi ty.

8CM: CanCope Mind.

bEach module comprises 1 to 2 core activities, which must be completed for participants to finish the module and move on to the next module.

°BES: Beliefs About Emotions Scale.

dgm Q: Southampton Mindfulness Questionnaire.

€CERQ: Cognitive Emotional Regulation Questionnaire.

fUP—CSQ: Unified Protocol—Cognitive Skills Questionnaire.

9EDBs: emoation-driven behaviors.

M EAQ-30: Multidimensional Experiential Avoidance Questionnaire-30.

Aim 3

If the CM intervention improves emotion dysregulation, we
will assess whether changes in emotion dysregulation mediate
the effects of CM versus CL on anxiety and depressive
symptoms. Hypothesis 2 states that improvements in anxiety
and depressive symptoms for CM compared with CL
participants —after the treatment will be mediated by greater

https://www.researchprotocol s.org/2022/7/e36658

reductionsin emotion dysregulation in CM participantsthanin
CL participants.
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Thistria isa2-arm randomized controlled trial. The subsequent
sections provide a detailed description of the trial procedures,
and Figure 1 provides avisual summary of the assessment time
points and participant flow.

Methods
Study Design and Procedure

Figure 1. Procedure and participant flow diagram. TO: baseline; T1: post-module 1; T2: post-module 2; T3: post-module 3; T4: post-intervention and
post-module 4; T5: 3-month follow-up assessment.

Screening survey

To
Baseline survey
Randomized during
initial phane call
| CanCope Mind | | CanCope Lifestyle |
Module 1: Module 1:
Tl Understanding Eating Well After
Emotions Treatment
| |
T2 Module 2: Mindful Module 2: Staying
Emaotion Awareness Active After Treatment B weeks
I I (2 weeks per
maodule)
T Module 3: Module 3: Relaxation
3 Flexible Thinking for Mental Health
| |
Module 4; Module 4; Sleeping
Daing Things Differently ‘Well After Treatment
| |
T, , . : .
Postintervention Postintervention
survey survey
| |
1 3-month follow-up 3-month follow-up
5 survey survey

Participants and Eligibility Criteria
Participants comprise individuals who have completed their

primary cancer treatment (ie, cancer survivors; Textbox 1).
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Textbox 1. Inclusion and exclusion criteria

Smith et al

Inclusion criteria
« Abletoread and writein English

«  Ableto provideinformed consent

« LivinginAustralia, New Zealand, the United Kingdom, the United States, or Canada

o Aged =18 years

«  Previousdiagnosis of cancer (any cancer type)

o <2yearssince finishing primary cancer treatment (ie, surgery, chemotherapy, and radiotherapy)

«  Regular access to the internet and email

«  Regular access to a computer, laptop, or smartphone device.

Exclusion criteria

o Currently undergoing or planning to undergo further primary cancer treatment (ie, surgery, chemotherapy, or radiotherapy)

«  Cancerisnotinremission or isprogressing in severity
«  Endorses current suicidality and considered high risk for self-harm

«  Current episode of psychosis

« Attending regular sessionswith amental health professional (ie, attended sessionswith apsychologist or counselor over the past 4 weeks or have
scheduled sessions with a psychologist or counselor throughout the 8-week trial)

«  Started or changed psychotropic medication or dose within the previous 2 weeks, or plans to start or change psychotropic medication or dose

throughout the 8-week trial
«  Previously participated in the CanCope pilot trials

No minimum criterion was included for the primary outcomes
of emotion dysregulation, as it is not certain that this
UP-adaption is only effective in highly dysregulated cancer
survivors. By excluding participants based on a minimum
cut-off, we would not be able to assess the intervention effects
on cancer survivors experiencing high and low difficulties.

Recruitment and Consent

Participants are recruited using multiple methods, including
social media platforms (eg, Facebook groups), web-based
community forums (eg, Cancer Council), and via organizers of
cancer support groups. Embedded within each of these
advertisements, participants can access a link to the study’s
written explanatory statement and consent form hosted on the
Research Electronic Data Capture (REDCap) tool [43,44].
Informed consent is obtained by submission of a consent form
on the web.

Screening and | nitial Phone Call

Consenting participants are automatically redirected to a
web-based screening survey to assess eligibility. Subsequently,
eligible participants complete the baseline survey and are
telephoned to administer the Mini International Neuropsychiatric
Interview (MINI) [45] and conduct a risk assessment.
Individuals deemed high risk (ie, probable risk of harming
themselves) are excluded over the phone and referred to relevant
psychiatric services. Eligible participants are randomized to
either CM or CL. Thisgroup alocation and asummary of their
intervention are conveyed to participants over the phone.

https://www.researchprotocol s.org/2022/7/e36658

Randomization and Blinding

Randomization to CM or CL is conducted using a stratified,
block randomization scheme generated in advance and upl oaded
to REDCap. Variable block sizes (4, 6, or 8) are used to ensure
allocation concealment and prior guessing of the allocation
seguence at the end of each block. Randomization is stratified
by baseline depressive and anxiety symptoms as measured by
the Patient-Reported Outcomes Measurement Information
System (PROMIS) Anxiety and Depression scales (2 strata:
>60 for either depression or anxiety, <60 for both depression
and anxiety) and the Difficulties in Emotion Regulation
Scale-Short Form (2 strata: <45 and 245). The randomization
schemeis generated and set up in REDCap by amember of the
research staff who is not involved in the recruitment or delivery
of the intervention nor in the subsequent statistical analysis.
The participants are aware of their intervention allocation (ie,
CM or CL); thus, they are not blinded. However, participants
remain unaware of the study hypotheses regarding which group
will improve more on outcomes, and both treatments are
presented as potentially effective.

Interventions

Both the CM and CL intervention conditions are
internet-delivered programs comprising 4 modules (2 weeks of
content per module), which may take participants as few as 8
weeks to complete. Both interventions comprise educational
readings and videos followed by activities on the web. The
activities include textboxes for participants to provide written
responses to encourage active reflections. All intervention
materials and activities are delivered on the web via REDCap.
MultimediaAppendix 1 illustrates examples of visual snapshots
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of activities in each intervention. All web-based activity
responses completed by the participants are available for
researchers to view, allowing intervention adherence to be
assessed. At the beginning of each intervention and to enhance
motivation, all participants are encouraged to set treatment
goals. To improve engagement and provide additional support,
all participants are offered an optional midintervention phone
call (approximately 15 minutes) between modules2 and 3. Upon
completion of Tg, all participantsreceive the alternative group’s
intervention material via an email link (ie, combined
psychoeducational readings and video links).

Treatment Group: CM

CM is a web-based version of the UP's Transdiagnostic
Treatment for Emotional Disorders [15]. The overall goal of
the UP is to help individuals understand and recognize their
emotions and respond to uncomfortable emotions in a more
adaptive manner. Participants allocated to CM receive four
UP-adapted modules titled (1) understanding emotions, (2)
mindful emotion awareness, (3) flexible thinking, and (4) doing
things differently. CM is areduced format of the UP, as 2 core
UP modules (modules 6 and 7) have been excluded from CM
owing to their sole focus on exposure therapy, which was
deemed inappropriate for remote delivery for individuas
experiencing chronic health conditions. In CM, each module
comprises 14 daily activities on the web (3-10 minutes each),
which allow participants to apply what they have learned from
the psychoeducational readings and videos. Participants are not
expected to complete every daily activity, although they must
complete at least 1 to 2 core activities per module before they
could move on to the subsequent module. This format aimsto
mirror amorereal-life, clinician-led intervention, where clients
would not prematurely progress to a subsequent and more
advanced module without first being exposed to fundamental
skills from the previous modules (ie, in CM, participants must
first learn about what an emotion is[module 1] before they can
begin to mindfully engage with their emotional experiences
[module 2] and change them [modules 3 and 4]). As a result,
participants who reach the end of the entire intervention have
been exposed to al core skills. Each module is outlined in
subsequent sections, and a summary overview is provided in
Table 1.

CM Module 1: Understanding Emations

Module 1 aims to build an awareness and understanding of
emotions through 3 psychoeducational readings, 2 summary
videos, and 14 daily activities. Part 1 explains that emotions
are neither good nor bad, and it outlines the various adaptive
functions of common emotions. For instance, anxiety elicits
fight-or-flight responses, which isimportant in times of threat.
During the daily activities, participants are encouraged to reflect
on their own emations and their adaptive functionsin their lives.
Part 2 describes common unhelpful beliefs or misconceptions
around emotions (eg, “ showing emotionsisasign of weakness’
and“| ‘should’ feel acertainway in particular situations’). The
daily activities encourage participants to explore their own
unhelpful beliefs about their emotions. Part 3 describes the
three interrelated components that constitute an emotional
experience: (1) thoughts, (2) feelings or bodily sensations, and
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(3) behaviors. During the daily activities, participants are
encouraged to bring awareness to these 3 components in their
lives.

CM Module 2; Mindful Emotion Awareness

Module 2 aims to increase mindful awareness of emotions
through 2 psychoeducational readings, 2 summary videos, and
14 activities. In part 1, participants are encouraged to adopt an
accepting and nonjudgmental stance toward primary emotions,
as critical judgment of primary emotional responses can
perpetuate negative affective states. Participants are provided
with 2 emotion-focused guided mindfulness audios and are
encouraged to listen to one of them every day for 7 days. Part
2 teaches a four-step mindful anchoring exercise: (1) paying
attention to a cue, such as the breath; (2) identifying their
thoughts, feelings, and behaviors; (3) considering whether their
responseis consistent with the present moment; and (4) shifting
their responseto align with the demands of the present moment.
For 7 days, participants are encouraged to practice anchoring
in real time, when experiencing uncomfortable emotions.

CM Module 3: Flexible Thinking

Module 3 ams to increase skills in flexible thinking (ie,
cognitive flexibility). Flexible thinking involves the ability to
(2) identify automatic and unhel pful thoughts and interpretations
and subsequently (2) identify an alternative, more balanced
appraisal of the given situation. The module comprises 1
reading, 1 summary video, and 14 activities that outline the
bidirectional relationship between thoughts and emotions.
Participants are taught about common and unhelpful thinking
traps (ie, cognitive distortions), including catastrophizing,
jumping to conclusions, tunnel vision, “should” statements, and
al-or-nothing thinking. The daily activities on the web
encourage participants to (1) identify their thinking traps, (2)
answer multiple questions to challenge the thinking trap (eg,
“What evidence supports my negative belief?” “Am | 100%
sure these negative outcomeswill occur?’), and (3) generate an
alternative and more balanced appraisal of the situation.

CM Module 4: Doing Things Differently

Thefinal module aimsto build skillsinidentifying and altering
unhelpful emotion-driven behaviors (EDBs) through 2
psychoeducational readings, 2 summary videos, and 14
activities. Unhelpful EDBs are defined as mal adaptive waysto
try to manage one's emations, often with the purpose of
eliminating an emotion or preventing oneself from feeling an
emotion in the first place. Part 1 focuses on overt and covert
avoidance-oriented EDBs (eg, avoiding certain situations or
people, procrastinating, denial, ruminating, suppression, and
safety behaviors) and their paradoxical effect in increasing
negative emotions, such as anxiety. Two other broad categories
of EDBs are discussed: reassurance-seeking behaviors (eg,
excessive bodychecking for signs of cancer recurrence or
excessively seeking external validation and compliments) and
defensive behaviors (eg, directing anger and frustration toward
others). In activities on the web, participants are encouraged to
identify and reflect on these EDBs throughout their lives. Part
2 teaches participants about alter native actions, val ue-consistent
and healthier behaviors that can replace unhelpful EDBs (eg,
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engaging in conversationswith loved onesregarding their cancer
journey as opposed to avoiding cancer-rel ated discussionsowing
to anxiety). In daily activities on the web, participants are
encouraged to practice replacing their EDBs with aternative
actions.

Rationale for Choice of Control Group

To assess the effects of CM on an appropriate comparator, we
consulted the National Institute of Health's Pragmatic Model
for Comparator Selection in Health-Related Behavioral Trias
[46]. According to the model, the best comparator is one that
suits the goals of the research trial. Given that (1) the CanCope
modules have demonstrated promising results when trialed
independently in pilot studies and (2) this is the first efficacy
trial to assessthe effectiveness of the CM programinitsentirety,
thistrial remains within the preliminary phases of the research
process. We defined the goal of this trial as establishing how
well CM compares to information currently readily available
to cancer survivors seeking support to improve their genera
well-being.

Currently, patientswith cancer and cancer survivors have access
to a host of resources that aim to promote general QoL, often
with a focus on diet, physical exercise, relaxation, and sleep.
These resources are often disseminated freely on the web by
cancer-specific (eg, Cancer Council, National Breast Cancer
Foundation, Prostate Cancer Foundation Australia) and
noncancer-specific (eg, Mind UK, Beyond Blue, and Black Dog
Institute) community and government organizations. Therefore,

Table 2. Comparison of potential comparator conditions.

Smith et al

two possible comparator optionswere considered: (1) await-list
control condition versus (2) a basic lifestyle and well-being
intervention targeting diet, exercise, sleep, and relaxation using
free and highly accessible web-based resources.

Both options were evaluated against 7 key characteristics
identified in the National Institute of Health model [46], which
aresummarized in Table 2. On the basis of these considerations,
a 4-module web-based well-being or lifestyle comparator was
chosen (ie, CL). CL is expected to be widely accepted by
participants in comparison to a wait-list control group, which
may result in high attrition rates, especially given the number
of between-module surveys. Furthermore, a basic well-being
program isdeemed relevant and highly feasible, aswe can draw
on information available on the web and preexisting sleep
resources used in sleep trials by researchers at Monash
University. Most importantly, an active comparator controlsfor
nonspecific components of the intervention, such as contact
with researchers and expectancy or placebo effects, alowing
for greater stringency in measuring the outcomes of interest.
The primary limitation of using CL as a comparator is that
improvements in diet, physical exercise, relaxation, and sleep
may |ead to sizeable improvementsin secondary outcomes (ie,
anxiety and depressive symptoms and QoL). However, the
primary outcome of interest is emotion regulation. Given that
the CL intervention does not focus specifically on emotions,
we expect that any significantly meaningful improvements in
emotion regulation will be smaller than those observed in the
CM group.

CL2 (four modules: diet, exercise, relaxation, and sleep).

Characteristic Wait-list control (no intervention for 8 weeks).

Acceptability M oderate—participants will eventually be given the
cmP program, however, they may not be content with
completing multiple study assessments during the 8-
week waiting period.

Feasibility High—no intervention needs to be devel oped.

Formidability Low—no intervention means that outcomes should
not change because of the comparator.

Relevance High—most cancer survivors do not receive a mental
health intervention after finishing primary treatment.

Stringency L ow—the absence of acomparator intervention would
not control for other factors such as expectancy or
placebo effects or contact with researchers.

Uniformity L ow—pearticipants would not receive the same infor-

mation as the treatment group during the assessment
period.

High—participants will be provided with a program that targets health
areas of interest. All participants will eventually receive the CM inter-
vention material.

High—it is easy to access resources on the web to disseminate (from
sites such as Cancer Council). Our research group has existing sleep
hygieneinformation specifically designed for oncological populations.

Moderate—improving diet, physical activity, relaxation, and sleep can
have an impact on lowering depressive and anxiety symptoms and po-
tentially emotion regulation.

High—Dbasic well-being information regarding diet, physical exercise,
relaxation, and sleep iscommonly disseminated by hospitals and orga-
nizations, and is freely available on the web.

High—controlsfor “nonspecific” intervention effects, such as expectan-
cy and placebo effects and contact with researchers. The 4 comparator
modules would align with the 4 CM modules, thus closely matching
the treatment intervention’s timing of modul es.

High—participants in the comparator group would receive a parallel
4-module program and concurrent assessment surveys.

8CL: CanCope Lifestyle.
bem: CanCope Mind.

Control Group: CL

In parallel to the CM modules, the CL group receives four
internet-delivered modules that focus on different lifestyle
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domains: (1) diet, (2) physical activity, (3) relaxation, and (4)
sleep. Throughout each 2-week module, participants are sent 2
activity links via email, whereby they are asked to apply what
they have learned from the module (eg, describe how you
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applied the module material to your lifeover the past week and
describe how you plan to apply the module material to your life
over the next week). Participants may take 3 to 10 minutes to
complete each reflective activity on the web. Although the CL
participants are sent fewer application activities on the web than
the CM participants, they are still encouraged to apply the
module material to their daily lives over the 2-week module
duration. The content included in CL is publicly available,
except for sleep hygiene information, which was devel oped by
the Monash University sleep research group. The content of
each module is outlined in the subsequent sections.

CL Module 1: Eating Well After Treatment

Module 1 comprises 1 video and 3 readings. The video was
developed by the organization Mind (a mental health charity in
the United Kingdom established by the National Association
for Mental Health) and outlines 8 tips to improve well-being
through healthy diet habits (eg, eat regularly, eat healthy fats,
keep hydrated, and eat avariety of healthy vegetables). All the
3 readings were devel oped by the Cancer Council. Thereadings
promote eating a healthy diet rich in fruits, vegetables, and
whole grainsto maintain well-being and reduce cancer risk and
provide healthy recipes. Participants are encouraged to apply
the healthy eating habits across the 2-week module.

CL Module 2: Staying Active After Treatment

Module 2 comprises 1 video and 1 reading. The video was
developed by the organization Mind and outlines tips to
encourage physical activity (eg, starting small and adhering to
a consistent routine). Participants are directed to the Cancer
Council’s reading; “Exercise for people living with cancer,”
which provides various exercises related to strength training,
aerobic exercise, flexibility, and strengthening the pelvic floor.
Participants are encouraged to choose 2 exercises listed in the
reading (eg, strength training) to apply throughout the module.

CL Module 3: Relaxation for Mental Health

Module 3 comprises educational material (1 video and 1 reading)
and a link to various guided relaxation audios. The 5-minute
YouTube video was developed by the organization Mind and
outlines 8 tips to aid relaxation (eg, scheduling regular breaks,
diaphragmatic breathing, visualization techniques, and listening
tomusic). Thereading, titled “Learning to relax,” was developed
by the Cancer Council and discusses healthy ways to manage
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emotional stress and aid relaxation (eg, exercising, massage,
and yoga). Finally, participants are sent alink to access Beyond
Blue's guided relaxation audio clips. Participants could choose
from (1) breathing exercises, (2) muscle relaxation, and (3)
guided visualizations. Participants are encouraged to listen to
any of these audio clipsas many timesasthey would like across
the 2-week module.

CL Module 4: Sleeping Well After Treatment

The final module comprises 2 readings focused on sleep and
fatigue. Thefirst reading was devel oped by the Cancer Council
and explainsfatiguein the context of cancer and waysto manage
fatigue. The second reading provides education on sleep (eg,
what is sleep, stages of sleep, and the importance of sleep) and
various deep hygienetips (eg, reducing caffeineintake, reducing
light exposure at night, and increasing light exposure in the
morning). This informational sheet was developed by
researchers at Monash University. Participants are encouraged
to apply the sleep hygiene tips across the 2-week module.

Assessment Time Points and M easures

Table 3 summarizes the nature and timing of the assessments
inthistrial. The research outcomes are assessed via web-based
surveys administered via REDCap concurrently to both the CL
and CM groups at the following time points: baseline (T,
approximately 25 minutes), after module 1 (T4, approximately
10 minutes), after module 2 (T,, approximately 10 minutes),
after module 3 (T3, approximately 10 minutes), after module 4
(T,, after the intervention, approximately 25 minutes), and at
the 3-month follow-up (Ts, approximately 25 minutes).
Participants in the CL are automatically emailed a link to
complete each postmodul e survey approximately 14 days after
starting a given module. For CM participants, the postmodule
surveys are automatically scheduled to be sent only once the
core activities are completed (core activities are outlined in
Table 1). Participants in both CL and CM are unable to begin
the subsequent module until they have completed the previous
postmodule survey. If participants do not complete their
postmodule surveys within 2 weeks of receiving their original
survey link, they are withdrawn from the study. Any completed
survey responses beyond the 2-week cut-off time point are
considered invalid and excluded from the analyses.
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Table 3. Schedule of survey assessments.

Time point Items per Baseline Postallocation® Follow-up
time (To)? (To)?

T after To after T3 after Ta after
module 1 module 2 module 3 module 4

I ntervention groups

cLe N/A N/A O g O g N/A

Primary outcome

DERS S 18 0 O O 0 O 0

Secondary outcomes

Depression (PROMIS9) 4 O O O O O O
Anxiety (PROMIS) 4 0 | 0 0 O O
QoL" (PROMIS) 30 0 N/A N/A N/A 0 0

M odule-specific target outcomes

BES 12 0 n 0 0 0 0
SMQ 16 0 O 0 0 O 0
CERQK 8 O u! O 0 0 O
uP-csq' 7 0 0 0 0 0 0
MEAQ-30™ 30 0 0 0 0 0 0

Other measures

Depression Risk Questionnaire-7 7 ad N/A N/A N/A N/A N/A
Positive Affect Subscale 10 O N/A N/A N/A g d
Demographic and cancer information 39 ad N/A N/A N/A N/A N/A
Health service use (eg, current medica- 10 d N/A N/A N/A g d
tions, mental health treatment)

Program evaluation (Client Setisfaction 10 N/A N/A N/A N/A O N/A
Questionnaire and open feedback)

Credibility Expectancy Questionnaire 6 d N/A N/A N/A N/A N/A
Adverse events (assessed throughout)  N/A N/A ad O O ad ad
COVID-19 pandemic impact and dis- 2 d N/A N/A N/A g N/A
tress

MINIT 5 mins 0 N/A N/A N/A N/A N/A

8Completion times: TO, T4, and T5 were 25 minutes each; T1-T3 were 10 minutes each.
bem: CanCope Mind.

°N/A: not applicable.

M easure administered at that time point.

€CL: CanCope Lifestyle.

DERS-SF: Difficulties With Emotion Regulation Scale-Short Form.

9PROMIS: Patient-Reported Outcomes M easurement Information System. The PROMIS scales are all computer-adaptive tests, which means that they
vary in the number of items administered depending on the participants' prior responses.

hQoL: quality of life.

'BES: Beliefs About Emotions Scale.

ism Q: Southampton Mindfulness Questionnaire.

kCERQ: Cognitive Emotional Regulation Questionnaire. “Catastrophizing” and “Refocus on Planning” subscales.
IUP—CSQ: Unified Protocol—Cognitive Skills Questionnaire.
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MM EAQ-30: Multidimensional Experiential Avoidance Questionnaire-30.

"MINI: Mini International Neuropsychiatric | nterview.

Screening

The MINI [45] is conducted in an initial phone call and used
asadiagnostic tool to assessthe presence of amajor depressive
episode (module A) and generalized anxiety disorder (module
N), ruling out organic causes (module O). MINI interviews are
recorded, allowing for the assessment of reliability and team
discussion of complex cases. Any participant who endorsesthe
criteriafor apsychiatricillnessis provided with relevant mental
health and emergency support numbers.

Primary Outcome

The Difficulties in Emotion Regulation Scale-Short Form
(DERS-SF) [47] will be used to assess six domains of emotional
regulation (ie, acceptance of emotiona responses, emotional
awareness, emotional clarity, engagement in goal-directed
behaviors, impulse control, and access to emotion regulation
strategies). The DERS-SFisan 18-item self-report questionnaire
that asks participants to indicate the frequency of
emotion-focused behaviors and thoughtson aLikert-typerating
scale, with possible responses ranging from 1 (“Almost never”)
to5 (“Almost dways’). Exampleitemsinclude“| have difficulty
making sense of my feelings’ and “When I’ m upset, | become
out of control.” Scores can range from 18 to 90, with higher
scoresindicating greater emotional dysregulation. The DERS-SF
indicates good concurrent validity for depression, anxiety, and
self-harm measures and demonstrates good internal consistency
reliability for both the overall scale (Cronbach a=.90) and each
individual subscale (Cronbach a ranging from .78 to .89)
[48,49]. Moreover, thefull version of the Difficultiesin Emotion
Regulation Scale has been used in prior research to assess
emotion dysregulation in oncology populations [50].

Secondary Outcomes

The PROMIS—-computer [51,52] adaptive tests for the Anxiety
and Depression scales will be used to measure symptom
changes. The computer-adaptive test algorithm requires a
minimum of 4 items and a maximum of 12, and the test stops
when the SE is less than 0.30 [51]. The scales present the
statement “over the past 7 days...” followed by items, such as
“I felt uneasy” (PROMIS Anxiety) and “I felt helpless’
(PROMIS Depression). Each item responseisrated on a5-point
Likert-type frequency scale, ranging from 1 (“Never”) to 5
(“Always’). Raw scores for each item are summed and
converted into a T score (population mean 50, SD 10). Higher
scores indicate greater depressive or anxiety symptoms (T<65
= normal-to-mild; T=65 = moderate to severe symptoms [53]).

The PROMIS QoL Health Utility Score[54] will be calculated
using preference-based weights in PROMIS-29+2 Profile
(version 2.1) [55] based on computer-adaptive testing to assess
QoL. The QoL outcome score is a composite of the following
seven domains captured by PROMIS: physical function, pain
interference, cognitive function, depression, fatigue, Sleep
disturbance, and the ability to participate in socia roles and
activities. The QoL score ranges from —0.022 (“Dead”) to 1.0
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(“Full health”) and has achieved good construct validity when
measured against the Health Utility Index and the EQ-5D [56].

Module-Specific Target Outcomes

All the module-specific target outcomes and their respective
modulesarelisted in Table 1. The Beliefs About Emotions Scale
[39] will be used to assess negative beliefs about emotions and
the impact of CM’s module 1. The Southampton Mindfulness
Questionnaire [40] will be used to assess mindfulness and the
impact of CM’s module 2. The Unified Protocol-Cognitive
Skills Questionnaire [32] will be used to assess cognitive
reappraisal skillsand theimpact of CM’smodule 3. In addition,
the Cognitive Emotional Regulation Questionnaire [41]
“Catastrophizing” and “Refocus on Planning” subscales will
also be used to assess the impact of CM’s module 3. The
Multidimensional Experiential Avoidance Questionnaire-30
[42] will be used to assess levels of emotional (experiential)
avoidance and to assess the impact of CM’s module 4.

I ntervention Evaluation Outcomes

The Credibility Expectancy Questionnaire [57] will be
administered to assess the perceived credibility and expectancy
of CM versus CL before commencing the intervention. The
Client Satisfaction Questionnaire [58] will be used to assessthe
participants’ level of satisfaction with CM and CL. Questions
will assess factors such as whether the intervention has met
participants’ needs and whether participantswould return to the
service. Higher scoresindicate greater satisfaction. With regard
to evaluation of treatment fidelity and reliability, because both
interventionsare delivered in astandardized way viatheinternet,
no additional measures of treatment fidelity or reliability are
collected. With regard to adherence, for CM, adherence is
measured objectively viathe number of completed application
activities on the web per module. For CL, adherenceis measured
via self-reports of whether participants indicate that they have
applied the intervention content to their lives that week in the
weekly web-based activities.

Other Measures

The Depression Risk Questionnaire-7 [59] isabrief self-reported
guestionnaire developed asaclinical screening tool for patients
with breast cancer at risk of depression. The Positive Affect
Subscale from the Positive and Negative Affect Scales[60] will
be used to assess positive emotional states (eg, attentiveness,
enthusiasm, pride, and interest). Two items assessing (1) impact
and (2) distress caused by COVID-19 will be administered, with
participants self-reported responsesindicated on asliding scale
from 0 to 100 (O=no distress or no impact, 100=alot of distress
or alot of impact).

Participant Compensation

All eligible participants who compl ete the baseline assessment
as well as a least 2 modules and their respective
postintervention assessments (ie, half of anintervention, T, and
T,) are provided with an e-gift card worth equivalent to Aus
$40 (US $30) in their local currency as atoken of appreciation.
This compensation is provided at the end of their participation.

JMIR Res Protoc 2022 | vol. 11 | iss. 7 |e36658 | p.94
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Statistical Analysis Plan

Power Analysis

The primary end point for the tria is the immediate
postintervention assessment (T,). Asall primary and secondary
outcomes are continuous, the primary analyses will be linear
regressions with group as a predictor and outcome scores at
baseline included as a covariate. We set the type 1 error at
Cronbach a=.05 (2-tailed). A Monte Carlo simulation study
was conducted to determine the power analysis and required
sample size. In the simulation, we varied (1) the correlation
between baseline and postintervention outcome scores () across
four values (0.3, 0.4, 0.5, and 0.6) selected from the literature
and our pilot research [18] and (2) the standardized mean
difference (SMD) between the CM and CL groups at post
intervention on outcome scores (primary end point) across 2
values (SMDs of 0.5 and 0.6). The SMDs were selected based
on our pilot work [18] where we observed SMDs from before
to after the intervention of approximately 0.5 to 1.0 for our
primary and secondary outcomes. Our pilot did not include a
control group (likely inflating the SMDs) but only tested
individual modules separately (likely reducing the SMDs);
therefore, we believe that amoderate SMD was reasonable, on
average. The code for this Monte Carlo study is publicly
available [61]. Results from 10,000 Monte Carlo simulations
for each of the conditions and varying sample sizes showed that
participants (n=100) with complete dataat T, will provide more
than 80% power to detect a medium (SMD=0.5) group
difference—after the intervention, even with only a moderate
correlation (r=0.3) between baseline and postintervention
outcome scores with Cronbach a=.05.

Data Cleaning and Sample Characteristics

Analyses will be conducted in R on an intention-to-treat basis
with statistical significance set at Cronbach a=.05 for type 1
error. The tests for primary and secondary outcomes will be
2-sided. The data will be assessed for outliers. If outliers are
present, we will use quantile regression to calculate a median
estimate or evaluate removing or winsorizing outliers.

Primary Aim

Missing data are ubiquitous in research, and dropout and
incomplete data (eg, dropout) are particularly common in
web-only trials[62]. For aim 1 analyses, wewill addressmissing
data using multiple imputation with a fully conditional
specification [63] and predictive mean matching [64]. A total
of 20imputed data setswill be generated. The primary outcome
of the tria is the Difficulties in Emotion Regulation Scale
(DERS-SF). The primary end point is immediately after the
intervention, immediately following module 4 (T,). Anxiety
and depression symptoms aswell asoverall QoL are secondary
outcomes. All outcomes are continuous measures.

The primary analyses will consist of linear regressions on
multiple imputed data. Each outcome variable at the primary
end point (T,) will be included as the outcome variable in a

linear regression, with group as the main predictor and the
outcome variable at baseline (T,) and stratification factors

included as covariates. Adjusted means in each group, as well
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asthe adjusted mean difference, will be calculated. In the event
of outliers, quantile regression will be used in place of linear
regression and adjusted median differences at the primary end
point (T,), and as exploratory analyses, the other time points
will be estimated. Following recent research suggestions [65],
we chose to provide randomization-based inferences; that is,
statistical significance will be based on Fisher exact P values
[66] from 100,000 permutations for the adjusted mean
differences and uncertainty intervals will be based on 95%
Fisher intervals. The sharp null hypothesis tested will be that
being randomized to CM hasanidentical effect on participants
outcomes as being randomized to CL.

Given the conceptual overlap between stratification factorsand
the outcome measured at baseline, only the stratification factors
for anxiety and depression will be included in the linear
regression assessment of the primary outcome (DERS-SF). For
the linear regression assessment of depression and anxiety
symptoms, only the DERS-SF dtratification factor will be
included. For the linear regression assessing QolL, both
stratification factors will be included.

In addition to testing for group differences at the primary end
point (T,), wewill explore group differencesat T4, T,, T3, and
Tg on the primary and secondary outcomes. The overall sample
mean at T, will be presented for comparison.

The adjusted SMDs will be calculated as the adjusted group
mean difference (CM—CL) divided by theresidual SD estimated
from the model. In the case of outliers, standardized median
difference will be calculated. By using the residual adjusted for
baseline outcome scores, thisis effectively an effect size on the
difference scores or for repeated measures [67].

Secondary Aims

The same analyses, significance tests, sharp null hypothesis,
and result reporting described for the primary aim will be used
to assessaim 2, the effect of CM versus CL on modul e-specific
target outcomes. The model-specific target outcomes are
presented in Table 1. Using regressions (linear if no outliers
and quantile if outliers), adjusted differences between CM and
CL in module-specific outcome scores will be assessed after
each module and at the intervention end point (T,) adjusted for

the score before completing the module.

If intervention effects are observed on the DERS-SF, aim 3 will
involve conducting mediation analysesto assesswhether greater
improvements on the DERS-SF (primary outcome), in the CM
versus CL condition, mediate the effects of CM versus CL on
anxiety and depression symptoms (secondary outcomes).
Sensitivity Analyses

Planned sensitivity analyses will include (1) calculating
parametric and asymptotic P values and Cls, (2) generaized
additive modelsto examine whether results differ when allowing
nonlinear associations between baseline and postintervention
symptoms, (3) per-protocol analyses based only on participants
who completed al core intervention components, and (4)
assessing group differences in intervention duration and the
impact of intervention completion time on outcomes.
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Ethics Approval and Adver se Events

This study received ethics approval from the Human Research
Ethics Committee at Monash University (ethics ID number:
25825). Any protocol modifications will be communicated to
the Human Research Ethics Committee and participants. The
primary investigator will make safety and progress reports to
the ethics committee at least annually and within 3 months of
study completion. Adverse events will be tracked in the
following ways: (1) a >10-point worsening (at any time point
compared with the previous time points) in PROMIS T scores
on the anxiety or depressive symptom outcomes; (2) two
questions administered at both T, and T, to assess the side
effects due to the intervention and negative experiences, such
as inappropriateness or unhelpfulness of the intervention; and
(3) monitoring for any unsolicited reports of adverse events or
serious adverse events (eg, mental health—related hospital
admissions). In the consent form, participants areinformed that
the survey questions, including PROMI S anxiety and depressive
symptom surveys, ask sensitive information and may be
confronting, triggering temporary elevationsin distressfor some
individuals. If this occurs, al participants are provided with
relevant mental health support numbers to contact, and they
could report thisto the researchers.

Results

Recruitment for this trial began in September 2020 and all
follow-up data were collected in April 2022. A total of 224
patients were randomized to the CM (n=110, 49.1%) and CL
(n=114, 50.9%) groups. Intotal, 61 CM participantsand 75 CL
participants have completed the intervention and
postintervention assessment surveys.

Discussion

This manuscript outlines the protocol for a novel randomized
controlled trial evaluating the efficacy of a multicomponent,
emotion-focused, internet-delivered intervention (CM) compared
with an active comparator intervention (CL) in improving
emotion regulation, symptoms of anxiety and depression, and
QoL in cancer survivors. Thefindingsfromthistrial will extend
previous pilot results, which suggested that each CM module
may be independently effective inimproving cancer survivors
mental health and emotion regulation [18].

Limitations

The results of thistrial will be interpreted in the context of its
limitations. For instance, as the treatment group’s effects will
not be compared against the absence of any intervention (eg,
wait-list control), we will not be able to assess whether
improvementsin either group are dueto the actual interventions
or aresult of naturalistic tendencies (eg, natural improvement
in mental health symptoms over time). In addition, the
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intervention intensity and thus the potential duration of CM and
CL differ. Unlikein CL, CM includes mandatory core activities
in each module, which must be completed before participants
can progress to the subsequent modules. This means that CM
participants are likely to take longer to complete the
intervention, which could impact the outcomes and attrition
rates. Finally, CM and CL are English language—based
interventions, and the trial excludes those who cannot read or
writein English, which may limit the generalizability of findings
to English-speaking populations only.

Strengths and Significance

Despitetheselimitations, thisisthefirst randomized controlled
trial to evaluate an emotion-focused, UP-adapted, and
internet-delivered intervention designed for cancer survivorsto
improvetheir mental health and QoL. Considering (1) that most
of those diagnosed with cancer survive their diagnosis[68], (2)
that cancer survivors experience elevated symptoms of
psychological distressand lower QoL [1,36], and (3) that cancer
survivors may face economic and geographic barriers to
accessing mental health support [21,23,69], the devel opment
of web-based and affordable interventions that are highly
accessibleis paramount. Finally, as CM isinternet-guided, it is
also expected to have alow therapist burden and is considered
highly scalable.

Another strength of thisstudy relatesto itsunique study design.
The trial will alow not only an assessment of symptom
improvement but also an evaluation of factors that account for
symptom changes. Specifically, by concurrently measuring
emotion regulation and psychopathological symptoms at all
time points, the design will enable the assessment of more
nuanced relationship patterns between these closely linked
variables. Thus far, few studies assessing applications of the
UP have been able to clearly decipher whether improvements
in emotion dysregulation are truly mediating symptom
improvements.

Furthermore, the study will allow a detailed assessment and
comparison of each modul€'s effects in the treatment versus
control conditions. Thismechanistic analysisallowsfor greater
treatment optimization. For example, if the target outcome of
one module is found to contribute minimally compared with
the other modules, then theoretically, the less effective module
may be removed or decreased inintensity to reduceintervention
duration and improve treatment efficiency.

In addition, the CL intervention material may prove to be a
rather formidable control comparator. Thisis because lifestyle
factors, such as diet [70], exercise [71], relaxation [72], and
sleep [73], are highly correlated with mental health outcomes.
Therefore, if CM is more efficacious than CL in improving
emotion regulation and anxiety and depressive symptoms, such
findingswill speak to the strength and magnitude of the effects
of CM.
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Data Availability

Deidentified data for this trial will be made available once collected and analyzed within 7 years of the final publication and
shared on Monash University’'sweb-base[74]. Data sharing is not applicabl e to this protocol paper, as ho data setswere generated
or analyzed.
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Abstract

Background: The metabolic syndromeiscommon across many complex chronic disease groups. Advancesin health technology
have provided opportunities to support lifestyle interventions.

Objective: The purpose of this study isto test the feasibility of ahealth technology-assisted lifestyleintervention in a patient-led
model of care.

Methods: The study is a single-center, 26-week, randomized controlled trial. The setting is specialist kidney and liver disease
clinics at alarge Australian tertiary hospital. The participants will be adults with a complex chronic condition who are referred
for dietetic assessment and display at |east one feature of the metabolic syndrome. All participants will receive an individualized
assessment and advice on diet quality from a dietitian, a wearable activity monitor, and standard care. Participants randomized
to the intervention group will receive access to a suite of health technologies from which to choose, including common base
components (text messages) and optional components (online and mobile app—based nutrition information, an online home
exercise program, and group-based videoconferencing). Exposure to the optional aspects of the intervention will be patient-led,
with participants choosing their preferred level of engagement. The primary outcome will be the feasibility of delivering the
program, determined by safety, recruitment rate, retention, exposure uptake, and tel ehealth adherence. Secondary outcomes will
be clinical effectiveness, patient-led goal attainment, treatment fidelity, exposure demand, and participant perceptions. Primary
outcome datawill be assessed descriptively and secondary outcomes will be assessed using an analysis of covariance. This study
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will provide evidence onthefeasibility of theinterventionin atertiary setting for patientswith complex chronic disease exhibiting
features of the metabolic syndrome.

Results. The study was funded in 2019. Enroliment has commenced and is expected to be completed by June 2022. Data
collection and follow up are expected to be completed by December 2022. Results from the analyses based on primary outcomes
are expected to be submitted for publication by June 2023.

Conclusions: The study will test theimplementation of a health technol ogy—assisted lifestyle intervention in atertiary outpatient
setting for adiverse group of patientswith complex chronic conditions. Itisnovel inthat it embeds patient choiceinto intervention
exposure and will inform health service decision-makers in regards to the feasibility of scale and spread of technol ogy-assisted

access to care for a broader reach of specialist services.
Trial  Registration: Australian  New

Zealand

Clinical  Trid Registry ACTRN12620001282976;

https.//www.anzctr.org.au/Trial /Regi stration/Trial Review.aspx 7 d=378337

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2022;11(7):€37556) doi:10.2196/37556

DERR1-10.2196/37556
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lifestyle intervention; telehealth service delivery; digital disruption; complex chronic disease; liver disease; kidney disease;
transplant; metabolic syndrome; metabolism; diabetes; obesity; mobile health; health technology; chronic disease

Introduction

The metabolic syndrome (MetS) is a combination of clinical
risk factors, including centra obesity, hypertension,
dydlipidemia, and hyperglycemia[1]. Presence of the MetSis
associated with increased risk of cardiometabolic complications,
including cardiovascular disease and type 2 diabetes[2]. On a
global scale, the MetS represents a substantial treatment burden
due to increased costs and medication expenditure,
hospitalization, and utilization of outpatient services[3,4]. The
prevalence of the MetS is up to 60% in tertiary health care
settings among patients with complex chronic conditions,
including kidney and liver disease [5-7].

Specific components of the MetS may warrant pharmacotherapy,
but this should only occur on a background of lifestyle
intervention with a focus on diet quality and exercise [8-11].
Previous diet and exercise interventions in people with chronic
disease have shown a cardioprotective effect [ 12-18]. However,
the implementation of community-based diet and exercise
management programs for complex chronic diseases has
traditionally been challenging. Patients with chronic kidney or
liver disease often have multimorbidity, potentially further
compounding metabolic risk [19,20]. Management has
traditionally required contact with multiple specialist teams
across asiloed system, creating a significant burden for patients
and caregivers [17,21]. Diet and exercise services have
traditionally been delivered in condition-specific specialist
settings, often with insufficient resources to deliver adequate
services to address the health issues [22-24]. An integrated
approach for the delivery of exercise and diet interventions
through a unified complex chronic disease model of care could
support improvement of cardiometabolic risk in tertiary care
across specialist groups.

Advancesin health technology have provided new opportunities
to assist lifestyle interventions and improve the management
of theMetS[13,17]. Asynchronous (eg, onlineinformation and
resources) and synchronous (eg, telehealth appointments with
health professionals) technology interventions have emerged

https://www.researchprotocol s.org/2022/7/€37556

as viable options for delivery of health care. These have the
potential to address current barriers to service delivery,
particularly in rural areas, including continuity of care,
availability of resources, and location of services[25]. A range
of factors within complex tertiary care systems, including
patient-related factors (eg, values, goals, motivations, skills,
and knowledge), organizational-related factors (eg, culture,
priorities, and structural systems), and external factors (eg,
health care funding), must be considered when assessing the
feasibility of disruptive service change [26]. Patient-led
approaches allow for the patient’s perspective to be considered
when receiving health care[27]. These approachesideally assist
patientsin individualizing their self-management plansthrough
selecting which services they want to engage with and through
what means.

This study will expand on the current literature by testing the
implementation of a health technology—assisted lifestyle
intervention for people with complex chronic disease. The
primary aim will be to test the feasibility of this intervention,
determined by safety, recruitment rate, retention, exposure
uptake, and telehealth adherence. The secondary aims include
assessing the clinical effectiveness of theintervention, (including
metabolic syndrome severity, dietary quality, physical activity
and sedentary behavior, exercise capacity, neuromuscular
fitness, muscular pain, clinical parameters, quality of life,
perceived confidence, fatigue, and sleep quality and quantity),
patient-led goal attainment, treatment fidelity, exposure demand,
and participant perceptions. We hypothesize that delivery of
lifestyle interventions using health technology is feasible, can
address the barriers to service delivery, and will demonstrate
improved clinical outcomes over standard care.

Methods

Study Design and Setting

This is a single-center, 26-week, randomized controlled trial.
The study is being conducted in a public hospital in a major
metropolitan city in Queensland, Australia. The study design
and flow are shown in Figure 1.
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Figurel. Study design and participant flow, indicating the base components offered to all participants and the additional technol ogy-assisted components

offered to the intervention group.

Prebaseline

+ Eligibility assessed
* Agreement to participate

Baseline assessment
* Consent and baseline data obtamed

* Randomization

All participants

* Individual dietitian assessment and advice
* Wearable activity monitor (Fitbit)

//
o
Intervention (Group 1)

Choice of

* Text message support

* Electronic dietary education resources
(Sophus)

* Group based videoconferencing
appointments (dietetics)

* Group based videoconferencing
ppoi (exercise physobgy)

* Unsupervised onbne/mobile app
(Physitrack) home exercke program

Participants and Eligibility Criteria

Adultsliving with kidney or liver disease who are at increased
cardiometabolic risk and receiving specialist care at the Princess

Textbox 1. Eligibility criteria.

Ch

‘ Control group (Group 2) ‘

+ Standard specialst dietetic care

v
.{ End-of-program assessments (week 26)

+ Collection of postintervention data

Alexandra Hospital in Brisbane, Australia, will be included.
Eligibility criteriaare shown in Textbox 1.

Inclusion criteria

disease, hemodialysis, peritoneal dialysis, or hepatology

«  Deemed suitable to participate by treating medical specialist

«  Screened as capable to participate by an exercise professional

Exclusion criteria

«  Non-English speaking or unable to read and write in English
«  Documented malnutrition

« Under 18 or over 80 years of age

«  Currently pregnant or breastfeeding

« Lifeexpectancy lessthan 6 months

« Under the outpatient care of at least one of the following specialist Princess AlexandraHospital clinics: kidney or liver transplant, chronic kidney

«  Have (or be undergoing treatment for) at least one of the features of the metabolic syndrome, as defined by the harmonized criteria[1]:
«  Elevated blood pressure (or on medication to treat) (systolic blood pressure 2130 mm Hg and/or diastolic blood pressure 285 mm Hg)
« Elevated waist circumference (population- and country-specific definitions[1])
»  Reduced high-density lipoprotein cholesterol (or on medication to treat) (<1.0 mmol/L in males; <1.3 mmol/L in females)
» Elevated fasting blood glucose (or on medication to treat) (=5.6 mmol/L)
«  Elevated triglycerides (or on medication to treat) (=1.7 mmol/L)

«  Have current access to a mobile device or computer hardware with internet access and webcam capability

Recruitment

The recruitment target will be 168 participants. Potentialy
eligible patients will be sourced via screening referrals to the
dietetics department from a medical specialist. Referrals will
be initially screened by the research project officer, and

https://www.researchprotocol s.org/2022/7/€37556
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potentially eligible people will be contacted by phone to
complete eligibility screening and be invited to participate. If
a patient agrees to participate, a baseline appointment will be
scheduled by the research project officer. Participant information
and consent forms will be provided to patients via email prior
to the baseline assessment, and written informed consent will
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be obtained at the baseline appointment. Age, sex, referring
clinic, and inclusion and exclusion information for patients
deemed ingligible or who declineto participate will be collected
from electronic medical records. Indligible patientswill continue
with the process of standard dietetic care as per usual practice
guidelines. Demographic and medical data (Table 1) will be
collected viaonlineforms, review of medical charts, and phone
callsprior to the baseline assessment. Thisisdeemed alow-risk
study, with expectations of behavior change no different from
current usua care.

Randomization and Allocation

Participants will be randomized 1:1 to the intervention group
(group 1) or to a control group (group 2) that will receive
standard care and individualized dietetic advice to support
improvements in diet quality [28]. Computer-generated
randomization will be completed using the REDCap research
management system [29]. Groups will be stratified by referral
source: (1) chronic kidney disease clinic, (2) hepatology clinic,
or (3) liver or kidney posttransplant clinic. Participants will be
informed of their group allocation following baseline assessment
by the research project officer.

Brown et d

Assessorsand Blinding

Baseline assessments will occur prior to randomization.
Assessors performing end-of -program clinical assessmentswill
be blinded to group alocations. Assessor blinding will be
verified by questionnaire at time of completion for each
participant (Likert scale 1-5). This questionnaire will evaluate
whether assessors have remained blinded to participant
allocation. Participantswill be reminded by the research project
officer prior to end-of-program assessmentsto not disclose their
group allocation to assessors.

Quantitative Data Collection

Baseline demographic and medical history data that will be
collected are listed in Table 1. Research outcomes and the
associated measurement methods are outlined in Table 2.
Primary outcomes will be assessed once al participants have
finished the trial, and secondary outcomes will be collected at
baseline and end-of-program assessments. Once a participant
is randomized, the research staff will make every reasonable
effort (eg, viaphone calls, text messages, and emails) to follow
the participant for the entire study period for collection of data.

Table 1. Demographic and medical data collected prior to the baseline assessment.

Demographic and medical data

Measurements

Sex
Date of birth
Ethnicity

Marital status

Highest education level completed

Employment status
Medication use
Menopause status
Allergies

Cigarette smoking history

Alcohol consumption

Need for assistance to read written health materials®
eHedlth literacy

Male or female
Date

Caucasian, Indigenous, European, Anglo-Saxon, Asian, other, unknown/not
reported

Single or never married, living together, de facto or married, separated or
divorced, widowed

Primary school, less than grade 10, grade 10, grade 12, vocational school
or college, university

Full-time, part-time, unemployed, self-employed, student, retired
Listed medication intake including type, dose, and frequency
Yes, no, not applicable

Yes, no, listed alergies

Former, current, never

Number of standard drinks per week

Never, rarely, sometimes, often, always

eHealth Literacy Scale (eHEALS)b questionnaire [30]

A ssessed through the following question via online form: “How often do you need to have someone help you when you read instructions, pamphlets,

or other written material from your doctor or pharmacy?’

PeHEALS is a validated 8-question digital health literacy questionnaire that evaluates the ability to find the right type of health information online,
where and how to find and use it, possession of the skills and confidence to evaluate the quality of online health information, and the perception of the
usefulness and importance of accessing online information for health [30]. Thiswill be administered viaan online form.
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Table 2. Primary and secondary outcomes and their associated measurements.

Outcomes

Measurements

Primary outcomes

Safety
Recruitment rate
Retention

Exposure uptake

Telehealth adherence

Secondary outcomes
Clinical effectiveness

Metabolic Syndrome Severity
Score[31]

Dietary quality

Physical activity and sedentary
behavior

Exercise capacity
Neuromuscular fitness
Muscular pain

Quality of life

Nutrition and physical activity
management self-efficacy

Fatigue

Sleep quality and quantity

Additional clinical parameters
Goal attainment

Treatment fidelity

Exposure demand

Participant perceptions

Number of study-related serious adverse events
Number of patients recruited as a proportion of all referred eligible patients
Number of intervention participants undergoing end-of-program assessment

Frequency of dietetic and exercise specialist contact (within public hospital system) asaproportion
of total scheduled contacts

Attendance to online exercise and dietetic sessions as a proportion of total scheduled contacts

Algorithm score comprising systolic blood pressure, diastolic blood pressure, waist circumference,
triglycerides, high-density lipoprotein cholesterol, and fasting blood glucose

Diet quality assessed by food group intake (frequency per day or week), fiber intake (grams per
day), unsaturated oils (grams per day), and discretionary food intake (grams per day)

Time (intensity-weighted minutes) spent in past week as assessed by International Physical Activ-
ity Questionnaire (Short Form) and Fitbit weekly physical activity heart rate data

6-Minute Walk Test score

Single chair stand, Five Times Sit to Stand test, hand grip strength
Modified Nordic Muscul oskeletal Questionnaire

European Quality of Life Five Dimension Five Level Scale

Likert confidence scales

Functional Assessment of Chronic IlIness Fatigue Scale score
Pittsburgh Sleep Quality Index score, total Fithit weekly sleep data
Resting heart rate, BMI, serum biochemical analytes (Multimedia Appendix 1)

Goal Attainment Scale score

Treatment notes®
Staff attendance at professional support and case discussions

Selection of health technology options

Feedback survey
Qualitative individual interview data (subsample)

Participant session notes taken by health professionals from telehealth-facilitated sessions with the intervention group.

Primary Outcome

>70% of intervention participants undergo an end-of-program
assessment (retention), (3) =75% of intervention participants

The primary outcomeisfeasibility (Table 2), which will beused
to inform future service delivery. Feasibility success will be
confirmed if theintervention is safe (defined asasimilar number
of study-related serious adverse events [ SAES| between groups)
and if three of thefollowing four criteriaarefulfilled: (1) >50%
of all referred eligible patients are recruited (recruitment), (2)
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have a higher frequency of specialist outpatient dietetic and
exercise specialist contact than the controls (exposure uptake),
and (4) videoconferencing-facilitated dietetic and exercise
sessions have an attendance rate of 280% of thetotal scheduled
contacts (telehealth adherence).
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Safety

Safety will be determined from adverse event reporting. SAE
categories and adverse events of special interest are detailed in
Textbox 2. SAEs will be classified by event category, the
outcome of the event, the relationship to the study, and by
whether they were planned or unplanned. The relationship of

Brown et d

the SAE to the study will be determined by medical review. All
adverse eventswill be monitored and recorded viathe REDCap
research management system throughout the study [29]. In
addition, all participants will be asked by a member of the
research staff at the end-of-program assessment whether any
unreported SAE or adverse event had occurred during the study
period.

Textbox 2. List of serious adverse events and adverse events of special interest to be recorded and monitored during the study period.

Serious adver se event categories [32]

« Death

« Lifethreatening event

« Hospitalization (acute or prolonged), including planned admissions
«  Event resulting in persistent or significant disability or incapacity

«  Important medical event (eg, adverse drug reaction)

«  Pregnancy

Adver se events of special interest [32]

«  Hypoglycemic episode requiring assistance from another individual
« Fal

«  Musculoskeletal injury requiring medical or allied health attention
«  Hyperkalemia (newly diagnosed or requiring intervention)

«  Episode of low blood pressure requiring medical attention

«  Chest pain requiring medical attention

Secondary Outcomes

The secondary outcomes that will be evaluated are clinical
effectiveness (including metabolic syndrome severity, dietary
quality, physical activity and sedentary behavior, exercise
capacity, neuromuscular fitness, muscular pain, clinical
parameters, quality of life, nutrition and physica activity
self-efficacy, fatigue, and sleep quality and quantity), patient-led
goal attainment, treatment fidelity, exposure demand, and
participant perceptions (Table 2).

Clinical Effectiveness

All clinical effectiveness datawill be collected at baseline and
end-of-program assessments.

M etabolic Syndrome Severity Score

The metabolic syndrome severity score (MetSSS) is a
continuous risk assessment score for quantifying severity of the
MetS. It will be calculated using an algorithm developed from
an Australian population that includes systolic blood pressure,
diastolic blood pressure, waist circumference, and fasting blood
measures (triglycerides, high-density lipoprotein cholesteral,
and glucose) [31].

Dietary Quality

Habitual dietary intake of the participants will be collected via
a 3-day self-administered diet record (2 weekdays and 1
weekend day) using the Research Food Diary mobile app (Xyris

Software [Australia] Pty Ltd) [33]. Participants will be asked
to record information on the type, portion, and brand of all

https://www.researchprotocol s.org/2022/7/€37556

consumed foods. This includes condiments, oils, herbs and
spices, and beverages. The app is blinded such that participants
cannot access any nutrient or composition information of foods.
Participants will be asked to send their diet record data via the
email function, and it will be verified via phone by a study
dietitian before analysis. FoodWorks 10 Professional (Xyris)
will be used for nutritional analysis of the diet records using
the AusFoods 2019 and AusBrands 2019 databases, including
estimated intakes of energy, macronutrients, micronutrients,
and food groups [34]. Dietary intake data will be used to
compare dietary quality of both study groups at baseline and
end-of-program assessments. This includes servings or grams
per day of food groups (fruit, vegetables, whole grains, legumes,
nuts and seeds, and fish and seafood), fiber, unsaturated oils,
and discretionary foods (processed meats, solid fats, added
sugars, and acoholic drinks). To minimize inaccurate
self-reporting, participants with implausible intakes of <500 or
>3500 kcal/day will be excluded [35].

Physical Activity and Sedentary Behavior

The International Physical Activity Questionnaire Short Form
(IPAQ-SF) [36] will be used to assess self-reported behavior
in the previous week. The survey will be administered by a
health professional with experiencein physical activity research
in an interview setting. Participants will be guided through the
guestionnaire to gain an understanding of how much time they
spend per week being sedentary and performing different
intensities of physical activity. |PAQ-SF resultswill be reported
in metabolic equivalent (MET) minutes per week of total activity
and minutes per week for sedentary behavior, moderate physical
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activity, and vigorous physical activity. Heart rate (HR) data
from a wearable activity monitor will be used to objectively
measure weekly minutes of moderate- to vigorous-intensity
physical activity throughout the study. The monitor allows for
this intensity range to be preset in a custom heart rate zone.
Participants will be provided with information about how to
use and synchronize the device at the baseline assessment.

Exer cise Capacity

The6-Minute Walk Test (6BMWT) will be used to assess exercise
capacity. The test will be conducted indoors with temperature
control on a 20-meter track under the supervision of a health
professional. It will be conducted according to a standardized
protocol [37]. Theresult of the BMWT will be distance walked,
rounded to the nearest meter.

Neuromuscular Fitness

The single and repeated chair stand tests will be used to assess
functional lower limb neuromuscular strength and endurance.
The single chair stand test requires the participant to start in a
seated position with the hands crossed against the chest, stand,
and then return to a seated posture as quickly as possible. The
repeated chair stand test records the time it takes for the
participant to complete 5 stands (5xSTS) [37]. Onetrial will be
alotted for this test. The hand grip strength test will be
completed using a grip dynamometer 3 times for each hand,
with the highest result recorded for both the dominant and
nondominant hand. All tests will be conducted under the
supervision of a health professional, according to standardized
protocols [37].

Muscular Pain

Participantswill completethe Modified Nordic Muscul oskel etal
Questionnaire (MNM Q) [38] to quantify muscul oskeletal pain.
Thiswill be administered viaan online form provided by email
prior to the baseline and end-of -program assessments.

Clinical Parameters

Body mass and height will be measured by a member of the
research team with a calibrated weight scale and stadiometer.
BMI will be calculated for each participant. Duplicate waist
circumference will be measured at alevel midway between the
lower rib margin and iliac crest inthe horizontal plane[37], and
the mean will be recorded. If there is a greater than 1.5%
difference between waist measures, a third measure will be
taken and the median will be recorded [37]. Resting heart rate,
systolic blood pressure, and diastolic blood pressure will be
measured. Triplicate blood pressure and heart rate measurements
will betaken approximately 2 minutes apart, with the participant
in a seated position and having rested for at least 10 minutes.
Participants will be asked when they last took medication or
consumed caffeine. Thefirst blood pressure measurement will
be discarded and the mean of the last 2 readings will be used.
Biochemical blood analytes will be measured at accredited
pathology laboratories (Multimedia Appendix 1).

Quality of Lifeand Self-Efficacy

The EQ-5D-5L scale will be administered via online survey
prior to physical assessmentsand will be used to evaluate quality
of life [39]. Four-point validated Likert scales, ranging from 1
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(very uncertain) to 4 (very certain), will be used to assess
self-efficacy in overcoming barriers related to eating healthy
food and carrying out exercise intentions and will be
administered under the supervision of ahealth professional [40].

Sleep Quality and Quantity and Fatigue

The Pittsburgh Sleep Quality Index (PSQI) survey will be
administered via online survey prior to in-person assessments
to quantify sleep quality and duration [41]. Weekly sleep data
will be collected using awearabl e activity monitor. The monitor
records total sleep time and time in sleep stages (deep, light,
rapid eye movement, and wakefulness). Participants will be
asked to wear the monitor during the night to capture sleep data.
The Functional Assessment of Chronic IlIness Fatigue Scale
(FACIT; version 4) [42] will be administered viaonline survey
prior to in-person assessments to eval uate fatigue.

Goal Attainment Score

Goal setting will be facilitated at the baseline assessment for
all participants. Participants will be encouraged to set SMART
(specific, measurable, achievable, realistic, timely) goas[43].
The goal attainment scaling method will be used to compare
goal attainment between the intervention and control groups at
end-of-program assessments [44].

Treatment Fidelity

Treatment fidelity will be assessed throughout the trial across
three areas: training provided, delivery of treatment, and receipt
of treatment [45]. Attendance of clinical staff at standardized
orientation training and refresher training sessions, as well as
regular professional support and case discussions, will be
recorded. For delivery of dietetic treatment, the clinicians will
summarize thetopicscovered at the end of each group telehealth
session (eg, healthy snacks, vegetables and fruits, and legumes)
and the frequency of topicsand themes discussed over the course
of the project will be described. For delivery of exercise
treatment, arecord of each training session prescription will be
captured.

Exposure Demand

Exposure demand will be assessed descriptively by summarizing
the frequency of each technology option chosen by the
intervention group at baseline and summarizing the different
combinations of technol ogies chosen by the intervention group
at baseline.

Participant Perceptions

Quantitative and qualitative feedback from participants will be
collected at end-of-program assessments. Prior to assessment
day, participants will be asked to complete an online
guestionnaire using a 5-point Likert scale to assess the
acceptability of different aspects of the intervention received,
itsusability, and their satisfaction with it. Quantitative datafrom
the surveyswill be analyzed using simple descriptive statistics.

A subsample of participants from both groups will be
ddiberately selected to achieve maximum demographic diversity
for age, sex, and disease group, and they will be invited to
provide feedback regarding the model of care received.
Semistructured one-on-one interviews will be conducted by a
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health professional with experience in qualitative research
training and no role in delivering the service model. We will
interview the participants in-person at the end-of-program
assessment visit or via telephone at a time convenient to the
participant. Questions will be designed to capture the
participant’simpressions of the service model they experienced;
potential barriers and facilitators to the diet and exercise
recommendations; their perspectives on the technol ogy-assi sted
delivery methods, usability, and acceptability; and their
self-reported intentions for future use of diet monitoring
technology after completion of the study period. All interviews
will be audio recorded, transcribed verbatim, and thematically
analyzed with an iterative and inductive approach.

All Participants

All participants will receive usual medical and specialist care
and may choose to discontinue contact with the health
professionals at any time during the study period. All
participants will be offered an individualized in-person
appointment with a dietitian, review appointments, and a
wearabl e activity monitor. Patientsdo not currently have access
to exercise physiology services as part of standard care.

Individual Dietitian Assessment and Advice

All participantswill receive apersonalized nutrition assessment
and dietary advice aligned with principles of healthy eating for
reducing cardiometabolic risk [28]. These principles are
informed by evidence-based dietary patterns, including
Mediterranean-style and DASH (dietary approaches to stop
hypertension) diets [28], and focus on eating fruit, vegetables,
whole grain cereals, healthy protein sources (especially fish,
legumes, nuts, and seeds), unflavored dairy foods, healthy fats
and ails (including extra virgin olive oil), and the use of herbs
and spices instead of salt. This advice will be provided by an
accredited practicing dietitian (APD) in an in-person
appointment. The advicewill betailored to personal preferences
and goals.

Wearable Activity Monitor

All participantswill be provided with a Fitbit Inspire HR (Fithit,
Inc) device and its accompanying mobile app to monitor
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physical activity. The heart rate reserve (HRR) method will be
used to quantify moderate-to vigorous-intensity physical activity
(40-89% HRR), with resting heart rate measured at baseline
and maximal heart rate estimated as follows: 208 — (0.7 x age)
[46]. For participants taking beta-blocker medication, which
affects heart rate, a more representative equation will be used:
168—(0.51 x age) [47]. At the baseline assessment, participants
will be instructed on how to use the Fitbit, including how to
download the app and synchronize the device, and will be
provided with an information booklet. Each participant will
have a Fitbit account established with a study-specific email
address that will be accessible to study staff. This will permit
appropriate real-time data extraction for the study. If no device
datais present for 7 days during the study period, participants
will be contacted via text or phone call to troubleshoot.
Participants will keep the device after the end-of-program
assessments.

Intervention

Parti cipants randomized to theintervention group will be offered
access to a suite of health technology options with both core
(text message support) and optional (electronic dietary education
resources, group-based exercise physiology and dietetics
videoconferencing appointments, and an unsupervised online
or mobile app home exercise program) components. Exposure
to the frequency of text messages and the number and type of
optional components will be patient-led, with participants
choosing their preferred level of engagement (Figure 1).
Participants will choose their components after randomization
and the research project officer will confirm their choice via
phone call in week 1. The core and optional components are
described in the following sections.

Text Message Support

All intervention participants will receive lifestyle-related text
messages. The text messages will be semipersonalized and
unidirectional (Table 3). They will reflect selected behavior
change techniques to help facilitate change in dietary and
physical activity patterns [48,49]. Participants will be able to
select the desired frequency of text messages: once, twice, or
three times per week for the duration of the intervention.

Table 3. Text messages and relation to behavior change technique constructs.

Behavior change technique constructs

Text message examples

Social support
Prompt specific goal setting

Behavior substitution
fats!”

Prompt self-monitoring of behavior
app”

Provide information about behavior-health link

“Telling your helpful family and friends about your goals will help you achieve them”
“2 serves of fruit every day is an important goal”

“Swapping 2 red meat meals for fish is a great way to get healthy sources of protein and

“Monitor your resistance and aerobic exercise training sessions using the Fitbit watch and

“ Resistance exercise twice aweek increases muscle size and strength, helping you lose

weight and keep healthy”

Problem solving

“Areyou finding it hard to get 30 minutes of physical activity every day? Start with a

smaller amount and build from there. Every little bit helps!”

Provide instruction

“To get more fiber from fruit, keep the skin on and aim for 2 serves per day”
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Option 1: Electronic Dietary Education Resources

Participants can choose to have access to online and mobile
app—based nutrition information from Sophus (Sophus Health
Pty Ltd). These include nutrition fact sheets, nutrition
information videos, personal journals, and recipes promoting
the principles of healthy eating for reducing cardiometabolic
risk [28].

Option 2: Group Based Videoconferencing Appointments
(Dietetics)

Participants can choose to have access to group dietitian
telehealth sessions (maximum 6 participants per group) viathe
Queensland Health telehealth portal. Sessionswill berun by an
APD and will be offered monthly. Sessions will last for 45
minutes and focus on principles of healthy eating for reducing
cardiometabolic risk.

Option 3: Group Based Videoconferencing Appointments
(Exercise Physiology)

Participants can choose to have access to group exercise
telehealth sessions (maximum 6 participants per group) viathe
Queensland Health telehealth portal . Sessionswill berun by an
accredited exercise physiologist (AEP) and will be offered
weekly. Sessionswill last for 60 minutes. Participantswill also
be offered a personalized home exercise program prescribed
through Physitrack (Physitrack Ltd, London, UK).

Option 4: Unsupervised Online and Mobile App Home
Exercise Program

Participants can choose to access an unsupervised personalized
home exercise program prescribed through Physitrack. This
option does not include exercise telehealth sessions with an
AEP. Home programs will be individually updated monthly by
an AEP

Exercise | ntervention

Further details for the exercise intervention can be seen in
Multimedia Appendix 2. In brief, participants opting into one
of thetwo exercise optionswill be asked to achieve aminimum
of 150 minutes of moderate- to vigorous-intensity aerobic
exercise, and complete two 30-minute resistance exercise
sessions per week. Participants who choose either exercise
option will be provided with equipment (resistance bands with
light and medium resistance grades) to facilitate resistance
exercise. The prescribed videoconferencing exercise sessions
will consist of 20 minutes of aerobic exercise, 30 minutes of
resistance exercise, and 5-minute warm ups and cool downs.
The AEP will remind the participants of their target heart rate
zone and ask them to monitor their heart rate during thetraining
session with their wearable activity monitor. The repetitionsin
reserve (RiR) method will be utilized for prescribing resistance
exerciseintensity viaautoregulation [50]. Autoregulation allows
resistance training to be adjusted in response to an individual’s
performancein the session [51]. The prescribed exercise sessions
will include 2 to 4 sets of aload between 1 to 4 RiR utilizing
the provided equipment or body weight exercises. Participants
who choose either exercise option will be provided with a
personalized home exercise program following the same plan
as the videoconferencing sessions.

https://www.researchprotocol s.org/2022/7/€37556
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Statistical Analysis

Sample Size

Asthiswill beafeasibility study, asample size calculation was
not performed for the primary outcome. To allow for reliable
findings, the sample size calculation was conducted using the
MetSSS for clinical effectiveness as a secondary outcome.
Assuming a correlation of 0.5 between baseline and 26-week
MetSSS and an effect size of 0.42 (representing achange of 0.8
in the intervention group and no change in the control group,
with a pooled standard deviation of 1.9), the Stata procedure
“sampsi” suggests that 67 participants per arm will be required
to achieve 80% power to detect a significant difference at the
5% level (2-sided) using an analysis of covariance (ANCOVA).
Allowing for 20% dropout, the required number of participants
to be recruited will be 168 (84 per arm).

Primary Analysis

The primary analysis will evaluate the feasibility of the
intervention. As mentioned previously, the feasibility of the
intervention will be determined by evaluating safety and if three
of the following four criteria are achieved: (1) recruitment rate
>50%, (2) retention >70%, (3) exposure uptake >75%, and (4)
teleheath adherence >80%. Safety will be assessed by
comparing the number of study-related SAEsintheintervention
and control groups using a chi-square test of homogeneity. The
safety of the intervention will be assumed if there are no
statistical differences between the groups.

Secondary Analyses

Analysis for continuous clinical outcomes will be conducted
via an ANCOVA to compare change values between study
groups, adjusted for baseline values and patient population (ie,
patients with chronic kidney disease, hepatology, and kidney
and liver posttransplant). No imputation of missing valueswill
occur.

Supplementary descriptive analysis of participant technology
choices and patient-led goal attainment will be conducted.
Summiative statistics for the proportion of engagement among
participants in the intervention arm will be collected and
analyzed postintervention. A significance level of P<.05 will
be used for al analyses.

Patient and Public | nvolvement

Significant consumer engagement was undertaken in the design
of theresearch question and health priorities; thisinvolved focus
groups and interviews [21,24,49,52,53]. This informed the
design of the intervention, particularly the inclusion of patient
choicein how to engage with technology and the acceptability
of using telehealth optionsfor diet and exercise support. Patients
were not involved in the recruitment or conduct of the study
and did not assess the burden of the intervention. Written
summaries of the results will be sent to participants upon
completion of the study.

Ethics Approval

This trial has been approved by the Metro South Human
Research Ethics Committee (HREC/2019/QM S/58285) and
The University of Queensland Human Research Ethics
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Committee (2020000127). The trial adheres to the Helsinki
declaration and has been prospectively registered with the
Australian  New Zedland Clinical Trid  Registry
(ACTRN12620001282976).

Results

The study was funded in 2019 and has been approved by the
Metro South Human Research Ethics Committee and The
University of Queensland Human Research Ethics Committee.
Dueto the COVID-19 pandemic, study enrollment was delayed
for 6 months. Participant enrollment has commenced and will
continue through June 2022. End-of-program assessments will
continue through December 2022, when data collection is
expected to be completed. Analysis, interpretation, and
preliminary dissemination of results are planned for January
2023 to June 2023 through scientific conferences. The main
results are expected to be published by August 2023.

Discussion

Thistria will test the implementation of atechnology-assisted
lifestyle intervention for a diverse group of patients with
complex chronic conditions who receive specialist outpatient
care from the tertiary health system. While telehealth delivery
of dietary interventions has been shown to be cost-effective in
research settings[54], this mixed methods approach incorporates
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Abstract

Background: This paper describes the research protocol for a randomized controlled trial of a self-management intervention
for adults diagnosed with sickle cell disease (SCD). People living with SCD experience lifelong recurrent episodes of acute and
chronic pain, which are exacerbated by stress.

Objective: This study aims to decrease stress and improve SCD pain control with reduced opioid use through an intervention
with self-management relaxation exercises, named You Cope, We Support (YCWS). Building on our previous findings from
formative studies, this study is designed to test the efficacy of Y CWS on stress intensity, pain intensity, and opioid use in adults
with SCD.

Methods: A randomized controlled trial of the short-term (8 weeks) and long-term (6 months) effects of Y CWS on stress, pain,
and opioid use will be conducted with 170 adults with SCD. Patients will be randomized based on 1:1 ratio (stratified on pain
intensity [<5 or >5]) to be either in the experimental (self-monitoring of outcomes, aerts or reminders, and use of Y CWS|relaxation
and distraction exercises and support]) or control (self-monitoring of outcomes and alerts or reminders) group. Patients will be
asked to report outcomes daily. During weeks 1 to 8, patients in both groups will receive system-generated alerts or reminders
viaphone call, text, or email to facilitate data entry (both groups) and intervention use support (experimental). If the participant
does not enter data after 24 hours, the study support staff will contact them for data entry troubleshooting (both groups) and
YCWS use (experimental). We will time stamp and track patients web-based activities to understand the study context and
conduct exit interviews on the acceptability of system-generated and staff support. This study was approved by our institutional
review board.

Results: This study was funded by the National Institute of Nursing Research of the National Institutes of Health in 2020. The
study began in March 2021 and will be completed in June 2025. As of April 2022, we have enrolled 45.9% (78/170) of patients.
Wewill analyze the data using mixed effects regression model s (short term and long term) to account for the repeated measurements
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over time and use machine learning to construct and evaluate prediction models. Owing to the COVID-19 pandemic, the study
was modified to allow for mail-in consent process, internet-based consent process via email or Zoom videoconference, devices
delivered by FedEx, and training via Zoom videoconference.

Conclusions: We expect the intervention group to report reductionsin pain intensity (primary outcome; 0-10 scale) and in stress
intensity (0-10 scale) and opioid use (Wisepill event medication monitoring system), which are secondary outcomes. Our study
will contribute to advancing the use of nonopioid therapy such as guided relaxation and distraction techniques for managing SCD

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

(JMIR Res Protoc 2022;11(7):€33818) doi:10.2196/33818
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Introduction

Background

Sickle cell disease (SCD) is an orphan disease with
multifactorial impact. In the United States, the incident rate of
SCD has remained constant [1]. However, SCD is projected to
increase from 304,800 newborns annually to 404,200 newborns
by 2050 worldwide [2]. SCD is the most common inherited
blood disorder in the United States [3], with annual health care
cost of US $2.4 billion [4] for 100,000 diagnosed Americans.
Current human diasporas and massive migration from Africa,
Middle East, Mediterranean region, Central and South America,
and India contribute to the sickle cell gene pool in the United
States, as does agrowing Hispanic population [2]. Peopleliving
with SCD were once destined for recurrent morbidity or early
death, but now, live into their forties and beyond [5]. In the

United States, for people with HbSS, HbSB?, or HbSD, the
median age of survival is 48 (95% CI 44.4-58.4) years and for

people with HbSC or HbSB™, the median age of survival is54.7
(95% CI 38.6-62.9) years [6]. People living with SCD have
lifelong recurrent episodes of acute pain and substantial
persistent pain together with other symptoms including
respiratory threats, organ failure, stroke risk, and stress and
disruption in their lives and those of their family [7-15].
Evidence indicates that patients with SCD who survive beyond
childhood continue to live most days with persistent pain that
can affect any organ owing to ischemia[13].

The chronic pain associated with SCD is often rated as more
intense than childbirth pain and persists for years [16].
Recurrent, unpredictable, and disabling episodes of
vaso-occlusive pain was the primary reason for >100,000 annual
SCD emergency department (ED) encounters and
hospitalizations[17]. People with SCD have an average of 2.59
(95% CI 2.53-2.65) ED visits or hospitalizations per year [17].
ED visit and hospitalization rates are 2 to 6 and 7 to 30 times
higher, respectively, anong African American individualswith
SCD visits than those without SCD [18].

Other studies report strong positive relationship between the
frequency and severity of pain and death [13,19-22]. Currently,
the only cure for SCD is alogeneic hematopoietic stem cell

https://www.researchprotocols.org/2022/7/€33818

transplantation, with limited availability owing to the risk of
transplantation-related mortality [23]. Potential cures for SCD
include transferring the causal [3-globin gene, editing sickle
[3-globin mutation, or reactivating fetal hemoglobin, the research
for which is still ongoing [24]. As stem cell transplantation is
not without considerablerisk, it isusually reserved for patients
with severe symptoms of SCD [25]. Given the strong association
between severe SCD pain and death [13], there is an urgent
need to find readily available therapies for controlling SCD
pain.

Stress, associated with pain in patients with SCD, is correlated
with overactivation of the hypothalamic-pituitary-adrena axis
hormones or neurotransmitters (eg, cortisol, norepinephrine,
and epinephrine), which trigger the fight-or-flight responses
and intensify responsesto noci ceptive pain (somatic and visceral
tissue damage) [26-28]. Stress can also activate neuropathic
pain mechanisms (neural tissue damage) implicated as part of
SCD pain [16]. In patients with pain, the perception of stress
can lead to stress-induced hyperalgesia (increased pain from a
painful stimulus) [29]. Findings from studies of patients with
SCD [30,31] and other pain conditions [32] show small to
medium positive associations between stressand pain. In apilot
study of 52 adult patients with SCD, we found that compared
with patients who perceived low psychological stressors from
their physicians, those who perceived high stressors from their
physicians also reported greater stress (P<.001) and pain
(P=.002) [30]. Results were similar for psychological stressors
from nurses (perceived stress. P<.001 and pain: P=.02) [30].
Others found that patients with SCD who reported high stress
also reported high average pain [31], and increased stress
intensity was associated with increased same-day pain in patients
with SCD [33]. Cumulative findings from these studies provide
strong evidence of the association of stresswith painin patients
with SCD. The hypothalamic-pituitary-adrenal axistheory posits
that stress reduction interventions have the potential to reduce
SCD pain.

Nondrug T herapy for Self-management of Painin SCD

The use of pain self-management in SCD has gained much
attention in recent years. Pain self-management techniques can
include deep breathing exercises, progressive relaxation, and
guided imagery [34]. Patients with SCD are ideally suited for
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nondrug therapies. In arecent study of 227 patients with SCD,
approximately 92% reported using nondrug therapy in the
previous 6 months to manage pain [35]. Studies of nondrug
therapies in patients with SCD found reduced perceived pain
intensity [36] and reduced clinical pain [37,38]. Guided
relaxation, which is one of many tools used in cognitive
behavioral therapy, isdesigned to help patientsidentify triggers
for pain, modify problematic emotions or behaviors, and develop
coping skills[39]. By using relaxation and stress management
to guide patients away from negative feelings and behaviors,
we can weaken the inclination to use opioids as the only method
of pain management and strengthen their repertoire of strategies
with alternative healthy actions, thereby improving their
day-to-day relationship with pain.

Current Drug Therapy for Managing SCD Pain
(Opioids)

The use of opioids as the mainstay of therapy for both acute
and persistent SCD is not ideal. Opioid analgesics are known
to cause severe side effects, including death from overdose.
They are frequently prescribed for SCD pain; however,
accumulating evidence suggests the need to incorporate nondrug
therapies as strategies for managing SCD pain systematically
[40]. A recent study characterized opioid analgesic use in
patientswith SCD and showed that 40% of them were prescribed
opioids in the previous 12 months [41]. Furthermore, 3% of
pediatric patients and 23% of adult patients used high doses
(>30 mg of oral morphine equivalence [OME] daily) [41].
Findings also suggest that patients with vaso - occlusive pain
crisis (acute) and avascular necrosis (chronic) reported using
high-dose opioid use [41].

Patients who use high opioid doses were more likely to use
nonsteroidal anti - inflammatory drugs, visit acute health care
facilities, and indicate that they experienced pain on most days
[42]. The opioid epidemic in the United States stemsfrom heavy
reliance on opioid therapy for controlling al pain types,
including persistent pain, a practice against the Center for
Disease Control recommendation that nondrug therapies are
preferable for treating chronic pain [43]. Compared with the
national average, patientswith SCD havelower opioid addiction
rates and fewer deaths from overdose [44]. Between 1993 and
2013, atotal of 174,959 individuals in the United States died
from opioid prescription overdose. During the same period, 95
patientswith SCD died from opioid prescription overdose[44].
To mitigate the risk of death from opioid overdose and other
side effects of opioids in patients with SCD, behavior change
strategies are sorely needed, which will empower patients to
embrace self-management principles, including the systematic
use of nondrug therapies as complements to opioids.

Providing behavior change strategies via mobile heath
(mHealth) apps or internet-delivered interventions aligns with
the Federal Pain Research Strategy to promote and enable pain
self-management [45]. In a previous study, Ezenwa et al [37]
found that an internet-enabled, stand-alone distraction and
relaxation intervention demonstrated the feasibility and
acceptability of theintervention in adult outpatients with SCD.
Asinthisprevious study [37], the design for this study is based
on amultidimensional theory of pain supported by decades of
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research [46]. Operating within this theoretical framework,
participants with SCD will continue taking opioid analgesics
during the study period. A well-designed study, such as ours,
will provide a behavior strategy with the potential of reducing
opioid use.

Study Aims and Hypotheses

The focus of this study is to evaluate the effectiveness of a
self-management intervention that promotesthe use of relaxation
and distraction exercises (RDES) in reducing pain, stress, and
opioid dependency among adult outpatients with SCD.
Specifically, the aims of this study are the following:

1. Determinethe short-term effects of You Cope, We Support
(YCWS). Hypothesis: In the first 8 weeks, compared with
the control group, the experimental group will report
reductions in the primary outcome—pain intensity (0-10
scale) and in the secondary outcomes—stressintensity (0-10
scale) and opioid use (OME).

2. Determine the long-term effects of YCWS. Hypothesis:
During months 3 to 6, compared with the control group,
the experimental group will report reductionsin the primary
outcome—pain intensity (0-10 scale) and in the secondary
outcomes—stress intensity (0-10 scale) and opioid use
(OME).

3. Use machine learning to develop and evaluate models that
predict patient outcomes based on their group assignment
and their personal (eg, self-efficacy, sex, education, family
income, and computer experience) and environmental
characteristics (eg, distance from care and quality of internet
connection). The results will provide insight into the
heterogeneity of intervention’s effects and the patients most
likely to benefit from YCWS.

Methods

Study Design

The study is a randomized controlled trial (RCT) of the
short-term (8 weeks) and long-term (6 months) effectsof Y CWS
on efficacy outcomes (pain, stress, and opioid use), designed
to determine the short-term and long-term effects of the Y CWS
intervention and to eval uate model s that predict patient outcomes
based on their group assignment and their personal and
environmental characteristics.

Study Setting

We are recruiting patients both in person and internet-based
throughout the state of Florida, including the University of
Florida (UF) Hedth-Shands in Gainesville and UF
Hedlth-Shands in Jacksorwille. Thus, data collection and
intervention delivery occur throughout Florida, with UF
Health-Shands in Gainesville as the primary site for data
collection, intervention delivery, and data analysis.

Ethics Approval

The UF ingtitutional review board (IRB) is the approving IRB
of record and has approved al the recruitment and study
procedures (IRB202000984).
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Recruitment

We will recruit from the UF Hedth-Gainesville and UF
Health-Jacksonville hematology clinics and the UF
Health-Jacksonville transition program. The UF Health-Shands
Hospital, Gainesville, adult sickle cell program has a clinic
panel of 497 adult patients with SCD. Of the 497 patients,
(283/497, 57%) are women and (452/497, 91%) are African
American individuals. The adult SCD program consists of a
multidisciplinary team including 5 medica hematologists, 2
advanced registered nurse practitioners, 1 physician assistant,
and 1 registered nurse. The UF Health-Jacksonville adult sickle
cell program has aclinic panel of 569 adult patients with SCD.
Of the 569 patients, 318 (56%) are women and 540 (95%) are
African American individuals. The UF Health-Jacksonville
adult SCD program consists of a multidisciplinary team
including 1 medical hematologist and 1 advanced registered
nurse practitioner.

The study is registered on ClinicalTrials.gov. We will use
web-based recruitment processes, including posting recruitment
information on the UF study Facebook page and variousinternet
listservs to identify and recruit adults with SCD from across
Florida. Wewill also use colorful posters, flyers, and brochures
devel oped for this study and distributethemin sickle céll clinics
and hedlth fairs and through university bulletin boards. In
addition, we will work directly with sickle cell organizations,
community-based organizations, health care networks, and
churchesto post recruitment flyers aimed at encouraging adults
to participate in and advertise the study within their networks
throughout Florida.

Eligibility Criteria
Inclusion Criteria
To be included in the study, patients must be adults with a

diagnosis of SCD (eg, HbSS, HbSC, HbSB° thalassemia, and

HbSB" thalassemia), report moderate to severelevel of pain (>3
on 0-10 scale) related to SCD within previous 24 hours, use
opioid analgesics on as-needed or continuous basis, speak and
read English, and be =18 years.

Exclusion Criteria

Patients will be excluded if they are legally blind or physically
unable to complete the procedures or have previously
participated in our relaxation and distraction intervention
feasibility study.

Sample Size

For those who meet the €ligibility criteria, we anticipate
enrolling 195 participants to retain 170 (87.2%) participants
with complete data at 8 weeks, based on a 13% attrition rate
observed in our previouslongitudinal studiesinwhich follow-up
was more than ayear. Wewill strivefor asampleinwhich 95%
participants have African descent and approximately 50% are
women. Our team has been exceptionaly successful in
conducting longitudinal studies using tablet technology with
this vulnerable population and recruiting and retaining patients
with SCD for pain research [16,47-50].
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Screening and Consent

Thisis an internet-based study, with all screening and consent
processes completed by the research specidist (RS) or the
community health worker either in person, internet-based,
through email, or through US postal service, depending on the
patient's needs. The RS or community health worker will
explain the study to the patients and ascertain their willingness
to participate. Patients will be informed that their participation
isvoluntary and that a decision to decline participation will not
affect their care. Patientswho chooseto participate will be asked
to sign awritten consent form. We will use one of thefollowing
methods:. (1) patient will sign the consent form in person and
will be given a copy, which they may keep for their record; (2)
wewill email the consent form for the patient to sign and email
back to the RS; or (3) wewill send 2 copies of the consent form
with a self-addressed envel ope with paid postage to the patient
using the address provided. The patient will sign the consent
form, keep a copy for their record, and mail a copy back to us.
Patients recruited via phone or email will sign the written
consent form on the day of their first study visit, if occurring
in person. Otherwise, patients will sign the consent form
electronically or via the other consenting methods described
previously. The RSwhowill assist individualsin these screening
and consent processes will betrained in good clinical practices
for research and IRB and Health Insurance Portability and
Accountability Act procedures. The training includes
role-playing with the principal investigator (Pl) and retraining
if the staff deviate from the proper processes.

Randomization

We will use permuted block randomization with stratification
based on worst pain intensity (<5 or >5) to assign the 195
consecutively selected patients to the 2 study groups. The
assignment will be blind until a sealed electronic envelope is
opened after the patient completes the pretest data collection
procedures.

Study Retention and Adherence

An important retention strategy is to engage the patients as
active partners in the study by explaining the importance of
their contribution. We have built trusting relationships with the
clinic staff and patient panel, which facilitated the success of
our feasibility study and an 18-month longitudina study
(1R01HL 124945) that have resulted in severa publications
[50-55]. Other important retention and adherence strategies
include contacting participants for data collection and updating
contact information every month. We hired a health care worker
from the community to serve as the study support staff for the
Y CWSintervention. We will send electronic birthday cardsand
birthday wishesviaemail and text message. We will also obtain
participants’ addresses, telephone numbers, and 3 other
secondary contactsto track them during the 6-month study. We
will provide incentives to motivate individuals to enroll in the
study, maintain interest, and sustain participation for 6 months
of self-monitoring or YCWS. All participants will retain the
US $150 Galaxy tablet they use for the study as
acknowledgment of their time and participation. We will pay
US $50 per month as internet access costs for each participant
for 6 months. At the end of 6 months, the total incentiveisUS
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$450 per participant, which includes the study tablet and
accessory cost. In addition, we will use other general study
procedures, including (1) text messaging, video messaging,
emailing, or calling participants to remind them if they have
not provided data for the day and to encourage them to do so
and (2) updating patient addresses and phone numbers as needed
during each contact.

Interventions

Experimental Arm

The experimental arm includes self-monitoring of pain and
stress, el ectronic monitoring of opioid use, alerts or reminders,
and use of YCWS (3 video banks of RDE and support). The
Y CWS app features self-monitoring, video banks, and support
elements, which comprise the YCWS intervention (Tables 1
and 2).

Ezenwaet d

When patients log in to the system, they can select the stress
intensity scale (0-10) and pain intensity scale (0-10), set plans,
or video banks subtabs that display on the screen consecutively
(Figure 1). Patients will touch the screen to record their stress
and pain intensities. Once their stress or pain intensity is
recorded, they will receive instantaneous feedback viagraphical
readout (Figure 2 presents an approximate model of the
graphical readout) showing their stress and pain during the past
week (including the present day), pain goals, and daily Y CWS
use. An auxiliary icon under self-monitoring shows Set your
plans (Goal setting). The patient can use this auxiliary icon to
revise optimal and tolerable pain goas and time of day to
complete study activities including support and to set alerts or
reminders. When patients click video banks (Table 3), 3 subicons
(basic, everyday, and favorite) will be displayed.

Table 1. Proposed links between Y CWS? app features, examples of Y CWS self-management intervention, and self-management skills.

YCWSmodule YCWS app features

Examples of Y CWS intervention self-management activities Self-management skills

1 View or update and self-moni-

Patient self-monitors, that is, setsgoals for timeof day =~ Goal setting and action planning

tor goals, profile, and activities

2 Use video banks for stressand
pain reduction
3 Get support; patient control

panel; receive system-generated
aertsor reminders; and contact
from study staff, if no data are
entered after 24 hours

for daily tracking of stress, pain, and opioids use; uses
Y CWSintervention; or searchesfor other video linksfor
everyday videos. Patient sets pain control goalsregarding
optimal pain goal and tolerable pain goal. Patient sets
time of day to receive system-generated alerts and re-
minders, if they have not completed data entry for the
day.

Patient records self-monitoring data for stress, pain, and
opioids use. Patient records searches for other video links
for the everyday videos. Patient records time to contact
study support staff for troubleshooting issueswith Y CWS
app.

Patient views videos as needed. Patient identifies which
of the video links produce stress and pain reduction that
met their optimal and tolerable pain goals that were set

in module 1 and decides whether to use the same video

link multiple times or try another video link.

Patient reviews reminders (eg, how many minutes are
|eft before the next recording of stress, pain, opioids use
or to use video banks) or documents questions for study
support staff about barriers to and facilitators of self-
management.

If the patient does not enter data after 24 hours, the study
support staff will contact them 2 hours before the next
data collection time for troubleshooting.

Patient conducts study for the day or responds to support
staff about any barriersto completing the study activities
as set in self-monitoring goals.

Action planning and decision-
making

Action planning, problem solving,
and decision-making

2y CWS: You Cope, We Support.
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Table 2. Proposed links between Y CWS? app features and examples of control self-management activities.

YCWSmodule YCWS app features Examples of control self-management activities
1 View or update and self-monitor «  Patient self-monitors by daily tracking of stress and pain.
«  Patient records self-monitoring data for stress and pain.
2 Get support, patient control panel, and receive «  Patient reviews alerts or reminders (eg, how many minutes are left before
system-generated alerts or reminders the next recording of stress and pain).

« If the patient does not enter data after 24 hours, the study support staff will
contact them 2 hours before the next data collection timefor troubleshooting.

2y CWS: You Cope, We Support.

Figure 1. Screenshot of daily stress and pain monitoring for the experimental group.
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Table 3. Description of You Cope, We Support banks of video links.

Ezenwaet d

Study period and basic videos

Everyday videos

Favorite videos

Short term

A total of 6 video clips of guided re-
|axation and distraction exercises of
various lengths: 2, 5, 8, 10, 15, and
20 minutes

Used all through week 1 to become

Links to investigator-vetted relax-
ation and distraction exercises of
various lengths that are freely
available on YouTube

Used during weeks 2-8

Initialy, it will be an empty portfolio.

Patientswill storetheir favorite relaxation and distrac-
tion video links, which they can choose from basic
videos and everyday videos.

Used during weeks 2-8.

familiar with the intervention and
learn deep breathing exercisethrough
instructions

« Atotd of 4 activecomponentsof the
relaxation and distraction exercises:
«  Soothing female voice
«  Smokeimages that change
shape
«  Deep breathing exercise
«  Background sound

e o o o

o Category 2

A total of 4 active componentsvar-
ied acrosstwo categories. Category o

On the basis of patients' preference.
Investigators do not control the active components.

Either male or female voices
Variety of natureimages
Background nature sounds
Deep breathing exercise

o Variety of nature images
Background nature sounds

« Novoice

No deep breathing exercise

Longterm

o Patientswill continuetousevideo  «

bank bank

Patients will continueto usevideo «

Patients will continue to use video bank.

«  Patientswill have the ability to find their favorite
video clipson theweb and add them to favorite videos
for personal use and recommend them viathe investi-
gators to the community of patients with sickle cell
disease.

« Investigator will sequester and vet links that are not

from basic videos and everyday videos to ascertain

that they work and are valid before other patients can
view them.

Individuals can click on any of the 3 banks to choose a video
to watch. The YCWS intervention can be customized by
choosing video clips based on female or male voice, type of
nature images, background sound, or lengths and by finding
their own video clips. Patients can watch as many video clips
as needed. Patients would be able to discern whether they
received stressor pain relief after using the videos and determine
which of the videos provided them with the most stress or pain
relief. According to individual preference, we will send
system-generated alerts or reminders to patients or a research
staff will call, text, or email the patients to facilitate data entry
and intervention use every 24 hours. The patient can aso
connect with our support staff about issues related to YCWS
intervention use (experimental group only) and technical
difficulties with study device or app for advice on what to do
(both groups). Our support staff will monitor our database daily.
If the patient does not enter data after 24 hours of
system-generated alerts or reminders or messages via staff cell
phone, the study support staff will contact them for data entry
troubleshooting and, for the experimental group, for Y CWSuse
as they indicated in their goals. During the short-term trial

https://www.researchprotocols.org/2022/7/€33818

(weeks 1-8), patients will monitor their stress and pain daily,
as described previously.

Wewill provide experimental group members accessto 3 video
banks from which they can choose their daily intervention.
Patients will use only basic videos during week 1 to become
familiar with the intervention and learn deep breathing and
relaxation exercises through instructions. For example, one of
the basic video clips entitled Breathing out worry, breathing in
light guides the patients to “Notice the cloud-like formations
on the screen. Observe how the images drift and change. As
you breathe deeply, et your concerns and tensions (which worry
you go) out into the atmosphere where they can dissolve just
as the cloud-like formations on the screen dissolve and vanish
from view. It is all right to let go of your worries. In fact, it is
important to your health that you do so. Just breathe out
problems and worries. See them drift off, walking by, and off
the screen, no longer a part of you. Now, breathe in sunshine
and healing energy.” Thisrequirement is critical and supported
by recent evidence showing that the respiratory control center
communicates directly with and controls a brain center linked
to attention, arousal, and panic [56]. Corless et a [57-60]
(Corless, B, unpublished data, January 2022) used these

JMIR Res Protoc 2022 | val. 11 |iss. 7 [€33818 | p.122
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

approachesin psychoneuroimmunology studiesin patientswith
cancer or HIV, and we used them in our feasibility studiesin
patients with SCD. Some of the active componentsin the basic
videosinclude colorful images similar to smoke or other nature
images that slowly change shape against a dark background
(imagesthat do not represent any concept with known negative
connotations), soothing female or male voice, deep breathing
exercise, and slow-paced guided relaxation and distraction
instructions. During weeks 2 to 8, patientswill a so have access
to everyday videos and favorite videos.

During weeks 1 to 8, we will send system-generated alerts or
reminders or messages every 24 hours to patients in the
experimental group via phone call, text, or email to facilitate
intervention use. If the patient does not enter data after 24 hours,
the study support staff, who will be from the community or RS,
will contact them 2 hours before the next data collection time
for troubleshooting. The support staff will contact patients via
chat, text, email, phone call, or FaceTime based on patients
preferences to facilitate participation and troubleshoot. Owing
to travel burdens including worsening of their pain in cold or
hot weather, patient attendance in the monthly SCD support
group is extremely low (1-2 patients per month). Patients with
SCD report a preference for active remote support as opposed
to face-to-face peer or socia support because of weather, travel,
and parking issues involved with receiving the support at an
academic health center. Remote support also empowers them
to participate in the study without the additional burden of
traveling to the location of any peer or social support as
recommended by the Chronic Disease Self-Management
Program [61]. We specifically designed the support component
of Y CWSto incorporate the recommendations from our patient
team members to address these issues and refine feedback
messages and format.

During the Ilong-term period (months 3-6), only
system-generated alerts or reminders via messaging service or
staff cell phone will be available. Patients will have the ability
to find their favorite video clips on the web, add them to favorite
videos for personal use, and recommend them via the
investigators to other patients with SCD. We will vet these
recommendations before releasing them to other patients.
Throughout the study period, we will time stamp and track the
patients Y CWS web-based activitiesto capture dataon system
use.

Control Arm

The control arm includes self-monitoring of pain and stress,
electronic monitoring of opioid use, and aerts or reminders.
During the efficacy tria (weeks 1-8), similar to patientsin the
experimental group, patientswill monitor their stress, pain, and
opioid use daily. We will send system-generated aerts or
reminders every 24 hours to patients via phone cal, text, or
email to facilitate data entry. If the patient does not enter the
dataafter 24 hours of aertsor reminders, the study support staff
will contact them for data entry troubleshooting. During the
long-term period (months 3-6), patients will continue to
self-monitor their daily stress and pain and use the electronic
opioid use monitoring device. Patients will also continue to
receive system-generated alerts or reminders via messaging
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service or staff cell phone. Throughout the study period, we
will time stamp and track patients web-based activities to
capture data on system use and outcome variables.

Protocol Adherence Check for the Fidelity of the
Control and YCWS Interventions

The Pl will conduct reliability assessments for the RS's
implementation of the protocol on arandom sample of 20% of
the study measures. Although this assessment cannot be blinded,
the RS will not be informed of the reliability check until the
baseline data collection procedure is underway. If there are any
deviations from the protocol, the RS will undergo additional
training and supervised data collection to ensure protocol
adherence.

Intervention Fidelity

To improve fidelity, we will ensure that participants use the
Y CWS intervention asintended by monitoring the participants
Y CWS system use on the web. During the first 8 weeks, we
will call or text participants 2 hours before the next data
collection time if the patient does not enter data after 24 hours
of system-generated alerts or reminders and has missed the
period they indicated for completing the study, to encourage
the use of YCWS. We will also ascertain if they are having
trouble with accessing the program and will troubleshoot with
the participants to resolve any issues. We will also monitor the
participants’ self-monitoring of stress, pain, and opioid use in
both groups. As a measure of intervention fidelity, the use of
the system and measures will be documented by the app
software that automatically writes time-stamped datato a SQL
database. Thefidelity of our pilot feasibility protocol isrigorous
asthe program is computerized and consistently implemented.
In addition, we will monitor mobile device use, and time of use
will be documented in the database to determine theintervention
dose.

Outcome M easures

Primary Outcome (Pain)

Pain, the primary outcome, will be measured using the pain
intensity scale. This 3-item scale asks patients to report their
current, least, and worst pain intensity in the past 24 hours on
ascale of 0 (no pain) to 10 (pain as bad asit could be). We will
calculate the average of the 3 scores to obtain an average pain
intensity score, which has an internal consistency (a) of .85
[62] and predictive vaidity (Ezenwa, M, unpublished data,
April 2022) in the population with SCD.

Secondary Outcomes (Stress and Opioid Use)

Stress

Stress will be measured using the stress intensity scale. This
3-item scale asks patientsto report their current, least, and worst
stress intensity in the past 24 hours on a scale of 0 (no stress)
to 10 (stressasbad asit could be). Wewill calculatethe average
of the 3 scores to obtain an average stress intensity score. The
internal consistency (a) of the stressintensity inthe SCD sample
was .82 [37]. It showed moderate, but not significant, correlation
(r=0.41; P=.07) with the participants Perceived Stress
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Questionnaire (PSQ)-Recent score, demonstrating fair construct
validity [37].

Opioid Use

We will use PAINReportlt [63-65] software program (Nursing
Consult LLC) to collect data on drug names and doses of
scheduled and as-needed opioid analgesics at baseline, and the
data will be updated at week 8 and month 6. We will track
opioid refills through patients’ pharmacies. We will use the
Wisepill medication event monitoring system to collect dataon
opioid use. The Wisepill recordsthe quantity of the medications.
Each patient will receive 2 Wisepill devices, one for scheduled
opioids and the other for as-needed opioids. The Wisepill
medication event monitoring system was designed to monitor
medicati on adherence and provideinstant feedback viacellphone
and internet technologies. The Wisepill has been used by
patients with various health conditions, including tuberculosis
[66], HIV [67], depression [68], and SCD [69]. The dispenser
was designed such that it would be compelling and easy to use.
It holds approximately 30 large pills or 60 small pills in a
7-compartment inner container and is powered by a 1100 mA
lithium polymer rechargeabl e battery. We will use the Wisepill
to record patients’ opioid use. Each week, the patient will fill
the Wisepill with their scheduled and as-needed opioid
medications on the day of the week indicated in their goals.
Subsequently, patients will dispense their daily doses of
medication from the Wisepill. Each time the compartment is
opened, acellular signal is sent and recorded in real time on a
web-based server. The data are immediately accessible to the
research staff for downloading via a secure internet interface.
Lucero et a [67] have used this device in previous studies.

Descriptive and Process Measures

PSQ-Recent

PSQ-Recent [70] is a 30-item tool that measures genera
perceived stress in the past week. The response options are 1
(almost never) to 4 (usualy). Overall perceived stress index
score is computed by subtracting 30 from the raw sum score
and, then, dividing by 90, yielding scores that range from 0 to
1. High scores indicate great perceived stress. PSQ-Recent has
demonstrated good test-retest reliability of 0.82 and good
construct validity with the Perceived Stress Scale by Cohen
(r=0.73) [7Q]. The internal consistency (a) reliability of the
PSQ-Recent in our SCD sample was .94 [30]. We will collect
these data to understand the context of our intervention.

System-Based Daily Activity
We will collect data on patients' daily activities, such as the
time spent on the Y CWSintervention, including the time spent

in using the video banks of RDE. The software will capture
these activities by time-stamped data in the SQL database.

Demographic Characteristics

Questions regarding demographic characteristics and analgesics
areasoincluded in PAINReportlt [63-65]. Patients will report
their age, sex, ethnicity, marital status, level of education, family
income, weight, height, physical activity levels (per week),
smoking status, stage in the menstrual cycle (women), previous
use of computers, current access to computers, distance from
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care, and quality of internet connection. These data will be
collected as composite demographic data to assess the
participants’ representativeness and for prediction modeling.

Sickle Cell Self-efficacy Scale

The Sickle Cell Self-Efficacy Scale is a 9-item tool that
measures patients' beliefs in their ability to engage in daily
activities despite having SCD and coping with obstacles or
setbacks associated with SCD. For example, one of the items
asks patients, “How sure are you that you can reduce your SCD
pain by using methods other than taking extrapain medication?’
Theresponse optionsare 1 (not at all sure) to 4 (very sure). The
total self-efficacy score is the sum of the 9 items, with scores
ranging from 9 to 36. High scores indicate great self-efficacy.
The Sickle Cell Self-Efficacy Scale has been validated in
patients with SCD who are =11 years and has an internal
consistency (a) of .87 in the population with SCD [71].

Study Acceptability Scale

Patients will also be asked to complete a 6-item questionnaire
that focuses on the acceptability of the study [65]. Response
options depend on the question. For example, the first question
queries“Was participating in this study too hard?’ Theresponse
choices are (1) not hard at all, (2) somewhat hard, and (3) too
hard. Thistool has been validated in the population with SCD
in a study in which pen tablets were used [65] and in the
preliminary study supporting this RCT. Thisscale provides data
on the patients' thoughts about the study processes and will
help plan effectiveness or implementation studies.

Exit I nterview Guide

This measure contains open-ended questionsto solicit patients’
experienceswith using atablet for data collection (3 questions)
and opinions (experimental group only) about the Y CWSvideo
clips and how they can be improved (3 questions). We will
conduct an exit interview about staff support’s acceptability (1
guestion) and system-generated support (1 question). We will
conduct the exit interview at week 8 (RCT-exit; short term) and
month 6 (RCT-exit; long term). The exit interview will be
audiotaped and transcribed verbatim. We used this measure in
our feasibility study. We will use patients’ feedback to modify
and improve our protocol for future studies.

Data Collection and M anagement

The research data will be collected electronically using laptop
and pen tablet computers. All the study surveys may be
completed via the web using an app developed for this study.
Thisapplication will contain PAINReportlt, acomputer program
developed by DIW to collect participants' paininformation and
other surveys in electronic format. Participants data will be
written directly to that server and will not reside, even
temporarily, on the laptop or pen tablet computer. We will use
HTTPS for encrypted data transfer to the College of Nursing
server. The data will be stored in a secure College of Nursing
server with access restricted to the immediate study personnel.
All patients will be assigned a code number, and the research
team will identify their data only with that code number. The
link of the code numbers to the participant identifiers will be
kept separate from the study data. Only the investigators and
key personnel will have access to the code or master key. Any
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hard data collected will be stored in a locked office at the
College of Nursing.

The software design will make every effort to reduce user errors;
all data will be entered directly by the participant using an
interface tested with cognitiveinterview methodsthat informed
the final interface design. Consistency checks are built into the
software so that inconsistent data (eg, out of range or logically
inconsistent) are flagged immediately to inform the users and
assesstheir intent. In addition, there will be more comprehensive
consistency checksbefore dataanalysis. Inconsistent data points
will be treated as missing. On the basis of our previous studies
with this web application, we expect the percentage of
inconsistent data values to be very low (<0.5%).

Statistical Analysis

Overview

The study biostatistician will perform data management and
analysis in collaboration with the Pl and coinvestigators. The
data will be stored in an SQL database and exported to the
statistical software R for analysis. We will use an
intention-to-treat approach, which includes al randomized
participants in our anaysis. We will consider P<.025 as
statistically significant for intervention efficacy tests (short term
and long term) on the primary outcome of pain intensity. For
other inferences, we will consider P<.05 to be statistically
significant. We will compute descriptive statistics (frequencies,
means, SDs, etc) of baseline patient characteristics data,
including demographics, pain, stress, and analgesic use before
the test and compare the control group and the experimental
group using chi-square tests or 2-tailed t tests. We expect no
significant difference between the 2 randomly generated groups.
Aim 1 Analysis

To study the short-term effect of theintervention on the primary
outcome (pain intensity) and secondary outcomes (stress
intensity and opioid use), al of which are measured daily, we
will use linear mixed effects models. Fixed effect termsin the
models include the group variable to represent the treatment
effect and baseline outcome measurement. Participant-specific
random effect terms will be used to account for
within-participant correlation in repeat measures. Note that we
do not include the time variable in our models because we are
primarily interested in the treatment effect on the average pain,
stress, and opioid use over time. We do not anticipate significant
time trends, but will explore them in the secondary analysis.

Aim 2 Analysis

To estimate the long-term effects of the intervention, we will
again use linear mixed effects models. Fixed effect termsin the
models include the group variable to represent the treatment
effect and baseline outcome measurement. Participant-specific
random effect terms will be used to account for
within-participant correlation in repeat measures.

Aim 3 Analysis
We will construct machine learning models, in particular,
random forest models, to predict outcomes based on patient

group assigned, patient’'s persona characteristics (eg,
self-efficacy, sex, education, family income, and computer
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experience), and environmental factors (eg, distance from care
and quality of internet connection). A random forest model
consists of alarge ensemble of regression trees and the average
prediction of these trees will be output as the prediction of the
model. Regression trees can accommodate nonlinearity and
complex interaction without manual specification by researchers,
but have the disadvantage of noisiness. Random forest retains
the advantage of tree, while reducing noise by introducing
randomness in the form of training each component tree with
a bootstrap sample of the original training data and randomly
selecting asubset of predictors as candidate for splitting at each
split of the tree, to reduce the correlation between the trees and
the variance of average prediction. We will use arandom 70/30
partition (stratified by group and baseline pain) to reserve 30%
of the patient sample as the test set, with the remaining 70% as
the training set. We will use cross validation to optimize the
parameters (minimal node size and number of random features
selected for each split) for the random forest prediction models.
The models, trained and optimized on the training data set, will
be assessed using the reserved test data set to obtain an unbiased
estimate of its performance when applied to new data. These
models will alow us to identify individuals most likely to
benefit from the proposed intervention and the modifiable
environmental factorsto improvethe effects of theintervention.

Missing Data

Random effect models can accommodate longitudinal datawith
missing visits. For visits with partial data (item-level missing
data), we will use multiple imputation by fully conditional
specification to generate multiple completed data sets, on each
of which statistical inference will be performed separately and
then aggregated using Rubin rule [72]. This allows us to fully
use the information provided by the participants.

Sampl e Power

The success of this study lies on its short-term and long-term
efficacy on the primary outcome of pain intensity. We
conservatively assume an SD of 3 for pain intensity based on
valueswe observed in earlier studies. With a2-sided type| error
of 0.025, the proposed sample of 170 patients provides 80%
power to detect apain reduction of 1.5, below the minimal pain
reduction of 2, which is considered as clinically meaningful.

Results

The project wasfunded by the National Institutes of Health and
National Institute of Nursing Research. Our IRB approved the
study on May 14, 2020.

Study recruitment started on March 29, 2021. Asof April 2022,
we had enrolled 45.9% (78/170) participants in the study. Of
the 78 participants, 65 (83%) participants have completed
baseline, 53 (68%) have completed the postintervention
assessment after 8 weeks, and 28 (36%) have completed the
6-month study.

JMIR Res Protoc 2022 | vol. 11 | iss. 7 |[€33818 | p.125
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Discussion

Study Significance

Astechnology advances, the use of mHealth appsis becoming
an integral part of daily life, including for self-management of
chronic conditions. Web-based interventions and technologies
are reported to have high usability and acceptability as a tool
to monitor and self-report daily pain [73-75], monitor medication
adherence[76-79], increase SCD reproductive knowledge scores
[80,81], and reduce current pain and stress levels [37]. To the
best of our knowledge, we are the first to use an mHealth
intervention with self-management RDESs to reduce stress and
improve SCD pain control, with a concomitant reduction in
opioid use.

This protocol paper presents the design of the RADIANCE
study, an RCT with the long-term goal to reduce stress and
improve pain control in patientswith SCD with lessopioid use.
The intervention with self-management RDES, YCWS, can
offer interactive learning that allows sustained or repeated
sessions. Although the intervention may have no direct benefit
to individual participants, it may provide individuals with
previously unrecognized insights about their stress, pain, and
opioid use and optionsfor self-management of these symptoms.

Strengthsand Limitations

A strength of thisguided relaxation study isitsweb-based design
and implementation that provides patients with the ability to
interact with the program at their convenience in real-world
settings. By providing thetoolsto reducetheir pain, it may help
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patients with SCD to feel empowered. Given that the guided
relaxation isweb-based, the patients may have asense of control
and empowerment. However, the web-based design can also be
alimitation if internet connection becomes an issue. We attempt
to mitigate this potential effect by making the intervention
platform independent and allowing patients to go to the library
and use the library computer or use their other smart devices
for the study. Furthermore, the findings of this study will be
generalized only to the state of Florida and not nationwide.

Although recruiting patients from health care networks and
churches is a new strategy for us in Gainesville, Florida, this
will likely be an opportunity for accessto affected communities
(ie, college students and other young adults). We will report on
the patients’ Y CWS web-based activities, data on system use,
and pain and stress intensity. The study has the potential for
assisting people to develop the confidence necessary to
self-manage stress that could intensify their acute or persistent
SCD pain. If demonstrated to be effective, this internet-based
and web-based intervention could be made available nationwide
and, eventually, worldwide.

Dissemination Plan

To maximize the dissemination of this study, we will share
methodological approaches, data, and results generated from
this study by publishing our findings in research journals that
areindexed by PubMed and generally accessibleto the research
community. Wewill also present thefindings and methodol ogies
at national and international research and health care conferences
in accordance with the proposed study time line.
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Abstract

Background: The aging population in the Global North is associated with an increased prevalence of multiple chronic diseases
that would benefit from integrated palliative care. In this context, it is vital to consider the effectiveness of health care systems’
response to the needs of the older population residing in rural areas, including access to palliative care services. Understanding
palliative care program availability and palliative care system characteristics isimportant in creating useful health interventions
inrura aress.

Objective: This study aims to provide an international view on palliative carein rural areas. A study exploring palliative care
services offered in Southern Minnesota will be carried out, building on a previous study conducted in Osona, Spain. Findings
from both studies will be compared, providing insights into the strengths of each system and identifying areas for growth.

Methods: Thisstudy will be performed using qualitative case study methodology. Using asimilar methodology to the one used
in the Spanish study, palliative care services will be explored in asimilarly sized rural areain Southern Minnesota. Thiswill be
accomplished by (1) reviewing available literature related to the Southern Minnesota palliative care system and (2) identifying
key providersin thisUS palliative care system who will beinvited to participate in semistructured interviews. The study participants
will be asked about the gaps between ideal integrated palliative care system services and the existing complementary palliative
care services, and the ethical issues and dilemmas that evolved during the COVID-19 pandemic.

Results: Following ethical approval for this protocol, data collection is anticipated to begin in spring or summer 2022 and is
expected to take 6 months. Data collection will befollowed by dataanalysisin fall 2022. Finally, the researchers plan to disseminate
the findings in spring 2023.

Conclusions: Comparing 2 similarly sized but culturally different rural palliative care systems in Minnesota and Osona will
provide insights into how integrated palliative care systems impact the older population and those with chronic illnesses. Study
findingswill contribute to enhanced patient care, organizational improvements, policy change, and an understanding of theimpact
of different health care system models.

International Registered Report Identifier (IRRID): PRR1-10.2196/36037
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Introduction

An aging population in the Global North is associated with an
increased prevalence of chronic diseases that will ultimately
contribute to their death [1]. Due to the population’sincreasing
life span and resultant aging, it is essential to consider how
effectively heath care systems, especidly paliative care
services, respond to patients with chronic illnesses [2-4].

The World Health Organization states that palliative care aims
to improve quality of life for those patients living with
life-limiting diseases, by reducing pain and proactively
managing and treating symptoms associated with their disease
processes|[5]. Historically, palliative carewaslimited to patients
with cancer [6] and was described as care for individuals with
a life-threatening disease [1]. With an aging population,
palliative care systems evolved and are no longer limited to
oncological or life-threatening diseases [7]. Palliative care
currently includes patients with multiple morbidities [8] and
individualsin need of quality-of-life-focused care dueto frailty,
advanced age [9], or disabling conditions [10,11]. Thus,
palliative care services arejustified based on individual patients
needs rather than specific diagnostic codes. The target patient
for palliative careis an individual with a*“palliative cluster” of
symptomsor factors, including alife-threatening or life-limiting,
chronic, or terminal condition, necessitating multidimensional
needs.

Past health care models focused on disease-directed care in
which the recognition of the terminal nature of a patient’s
condition occurs late, resulting in delayed hospice and
end-of-life care[12]. However, the changesin managing chronic
and life-limiting conditions to enhance the quality of life have
resulted in a new model in which palliative care service is
initiated at the time of diagnosis. In this model, the focus shifts
toward symptom management rather than cure, and atransition
to hospice care when a patient’s life expectancy is 6 months or
less; during thistime, the primary purpose of careis maximizing
the patient’s quality of life[13].

A challengefor health care systemsishow to provideintegrated
care for patients with increasingly complex chronic conditions
[14]. Integrated care is acombination of multiple disciplines at
different levels of care, focused on improving the quality of
health care services [3]. It also facilitates connections and
cooperation between funding sources, organizations, and clinical
services, with the purpose of offering efficient and high-quality
care. As a result, integrated palliative care (IPC) provides
coordinated services of care[15].

For patients in Southern Minnesota, access to palliative and
hospice care services can differ based on the type of insurance
the patient has. For example, the national insurance for the older
population, Medicare Part A, covers inpatient hospital stays,
short-term stays at nursing facilities, and home care [16].
Reimbursement for palliative care is not standardized asit is
for hospice care [17,18]. In contrast, the Spanish health care
system provides universal access to all residents. Instituto
Nacional de la Salud (the government’s public health
organization) provides health care services to al communities
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in the country [19], and these services include palliative care
for patients with chronic illnesses and terminal diseases.

In both countries, with aging populations, the main challenge
for health care systemsisto provide integrated care for patients
with increasingly complex chronic conditions [14]. IPC is an
approach to improve servicesfor patientswith chronic illnesses
and terminal diseases.

The COVID-19 pandemic can be a distinguishing marker
between the period considered “normal” and the pandemic era,
which brought many changesto society and health care delivery
[20,21]. The pandemic al so impacted health care providerswho
werefaced with ethical dilemmas such as determining resource
allocation and the prioritization of patient care [22], aswell as
end-of-life care decisions [23]. Additional ethical concerns
encountered by palliative care providers were autonomy in the
patient and family decision-making processes [24], the
discontinuation of treatments and therapies [23], and
communicating with families and patients in a society that
required social distancing and limiting factors such as face
masks [22].

When taking care of patientswith chronic conditions, integrative
and complementary careis often experienced asbeneficial [25].
The integrative health approach provides patients in need of
palliative care with nonpharmacological strategies to manage
pain and other nausea, depression, and anxiety symptoms[26].
Examples include aromatherapy, acupuncture, massage,
homeopathic practices, and cultural practices[27]. In addition,
palliative carein conjunction with complementary care can offer
patients comfort during this phase of life [26].

One way to see how care is being delivered to people with
complex chronic conditions is through the analysis of reality;
therefore, this study aims to first describe the Southern
Minnesota palliative care system in the United States and then
compare it to the palliative care system in Spain. To be ableto
carry out the general objective of the study, the following
specific objectives will be devel oped:

1. Describing the paliative care system in Southern Minnesota

2. Comprehending theethical dilemmashealth care providers
encounter while providing care in the Southern Minnesota
palliative care system

3. ldentifying specific impacts resulting from the COVID-19
pandemic

4. Assessing the complementary services offered by palliative
care service providers in Southern Minnesota

5. ldentifying and comparing the commonalities and
differences between this study in Southern Minnesota and
the results found in a previous study from Osona, Spain

Methods

Design and Methods

This research will follow the same design and methods used in
the study conducted in Osona, Spain (M Mondejar-Pont, PhD,
unpublished data, November 2020). This study will use a
qualitative methodol ogy with a prospective, multiple embedded
case study design as described by Yin [28]. Thisdesign alows
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us to explore the embedded subunits of multiple cases to
understand more about the case itself.

This study will describe the Southern Minnesota palliative care
service and its essential integrated palliative care system
elements, identify the ethical dilemmas experienced, and identify
the complementary therapies offered. The results found in this
study will then be compared to the results found in the initial
study conducted in Osona, Spain. This comparison will aim to
identify similarities, differences, and informative aspects that
may benefit each system, while taking into consideration the
contextual and cultural differences between the two.

Case Selection

Blue Earth, Nicollet, and Brown countiesin Southern Minnesota
were selected for this study based on similarities between these
areas and the region in Spain that is the population of
comparison. In addition, Blue Earth, Nicollet, and Brown
Counties include the Mankato metropolitan area and the
surrounding rural areas [29] that have significantly smaller
populations and less access to health care services. These
counties will be referred to as Southern Minnesota for ease of
readability.

These 2 regions were selected since they have similar
populations:. Osona county has a population of 163,702 [30],
and Southern Minnesota has a population of 125,912 [31]. In
these regions, the older population isrepresented with asimilar
proportion: 18% in Osona[32] and 24% in Southern Minnesota
[33]. With a significant proportion of rural populations aging
in place, accessto palliative care serviceisimperative yet more
challenging outside of larger urban areas [34]. By comparing
and contrasting two similarly sized regionswith different health
care systems and reimbursement models, this research will
ultimately provide information that the palliative care systems
in both regions can use to improve their practices.

Participants

Consistent with the study completed in Osona, Spain, this study
will use a purposive sampling strategy including the following
2 types of participants who will be invited to take part in the
study: (1) those who hold decision-making positions in
organizations providing palliative care, including managers,
coordinators, or lead administrators, and (2) professionals
involved inthe provision of palliative care, such asnurses, socia
workers, and physicians.

We anticipate interviewing up to 25 participants, similar to the
study completed in Spain, representing a wide variety of roles
within palliative care systems. Interviewswill be analyzed using
the direct content analysis approach explained further below,
and the analysiswill conclude once the research team determines
that data saturation has been reached. The research team will
determine that data saturation has been reached when no new
additional information, new codes, or categories are possible
to obtain. If data saturation is not reached after 25 interviews,
interviews will continue until saturation is reached.

Initially, professionals in leadership positions will be
interviewed about the palliative care system. The interviews
with individuals in leadership positions aim to gain a holistic
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sense of the organization, communication, and coordination
efforts at the macro level. These professionals, following a
snowball strategy, will provide contact information of direct
care providers. Direct care providers can give more detailed
insights about the palliative care system at the micro level.

Data Collection

The study will be divided into thefollowing 2 phasesto respond
to the study’s main goals:

« Phaselamstoidentify adescription of the palliative care
system in Southern Minnesota t