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Abstract

Background: Opt2Move is a theory-guided moderate and vigorous physical activity (MVPA) promotion trial that uses
multiphase optimization strategy (MOST) methodology to evaluate the individual and combined effects of four in-
tervention components in a full factorial experiment among young adult cancer survivors (YACS; N = 304). All
participants will receive the core mHealth MVPA intervention, which includes a Fitbit and standard self-monitoring
Opt2Move smartphone application. YACS will be randomized to one of 16 conditions to receive between zero and four
additional components each with two levels (yes v. no): E-Coach, buddy, general mindfulness, and MVPA-specific
mindfulness.
Objective: The primary aim is to determine the individual and combined effects of the components on MVPA post-
intervention (12-weeks) and at 24-week follow-up. The secondary aim is to examine how changes in MVPA are associated with
patient-reported outcomes, light-intensity activity, sedentary time, and sleep duration and quality. Potential mediators and
moderators of component effects will also be examined.
Results: Results will support the selection of a package of intervention components optimized to maximize MVPA to be tested
in a randomized controlled trial.
Conclusion: Opt2Move represents the first systematic effort to use MOST to design an optimized, scalable mHealth MVPA
intervention for YACS and will lead to an improved understanding of how to effectively change YACS’ MVPA and ultimately,
improve health and disease outcomes.
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Background/Rationale

Young adult cancer survivors (YACS; aged 18-39 at diag-
nosis) are a growing population with an estimated 90 000 new
cases annually in the United States.1 Adolescence and young
adulthood is a unique developmental period comprised of
major life transitions (i.e., school, work, dating, marriage,
child-rearing).2,3 Facets of this developmental period coupled
with disruptions from a cancer diagnosis can result in anxiety,
depression, sleep disturbance, fatigue, loneliness, and re-
duced quality of life (QOL).4–7 YACS experience a number of
treatment late-effects and an increased risk of early morbidity
and mortality compared to healthy age-matched controls.8,9

Increased moderate-to-vigorous physical activity (MVPA)
mitigates treatment late-effects and improves QOL among
cancer survivors.10–12 However, nearly 60% of YACS do not
meet recommended 150 minutes/week of MVPA.13,14 Most
YACS demonstrate sharp declines of MVPA following di-
agnosis15 and poorer fitness levels than healthy controls.16

However, a review of physical activity in YACS17 revealed
few existing interventions targeting physical activity in
YACS. Those that do exist were limited to short-term follow-
up and did not include a control group or randomization.18–20

All studies used bundled multicomponent treatment pack-
ages, making it impossible to determine what intervention
components contributed to effects. No studies measured
objective MVPA, included post-intervention follow-up as-
sessments, or used smartphones or wearables, and sample
sizes were small. Recent findings from a 6-month social
cognitive theory-guided mHealth physical activity inter-
vention, adapted specifically for YACS (N = 280), found
modest increases in physical activity (digital tools [Fitbit,
digital scale] plus Facebook = +24.7 minutes/week; digital
tools = +11.4 minutes/week).21 There is need for rigorous
testing of different mHealth MVPA intervention components
addressing YACS’ unique needs to optimize MVPA inter-
ventions and health outcomes in YACS.

Social support and emotion regulation-promoting prac-
tices, such as mindfulness training, may be particularly useful
for promoting MVPA in YACS. Social support is considered
a key theoretical construct of health behavior change.22,23 In
the context of exercise and cancer, social support is leveraged
to aid an individual’s effort to change and improve behavior
through positive reinforcement and accountability.24 For
cancer survivors, higher levels of social support are associ-
ated with increased MVPA.25–27 A review of 12 health be-
havior change interventions for YACS found five out of six
efficacious interventions included some form of social sup-
port.28 Mindfulness-based interventions may also increase

MVPA in YACS by way of emotion regulation and
reappraisal.19,29,30 Meta-analytic findings demonstrated a
small to moderate effect of mindfulness-based intervention
on increased MVPA among adults with overweight/obesity.31

However, little is known about the unique roles of social
support and mindfulness in MVPA promotion. Granular
information about discrete effects of these components is
needed to optimize intervention configuration to maximize
MVPA in YACS.

Intervention development typically involves testing a
bundled treatment package consisting of multiple compo-
nents to determine whether the intervention, as a whole,
improves the outcome.32 What remains unknown, is which
components are essential to produce a positive outcome vs
which could be eliminated to reserve resources without loss
of benefit. Using traditional study designs (i.e., randomized
controlled trial [RCT]) is costly and inefficient. Multiphase
Optimization Strategy (MOST) is an innovative multi-phase
framework using highly efficient experiments to systemati-
cally evaluate intervention components, or component levels,
and individual and combined effects.33,34 Based on engi-
neering principles of resource management and continuous
optimization, the overall goal of MOST is to maximize public
health impact (efficacy x intervention reach) using available
resources. The present study will apply MOST methodology
to examine the effect of 4 intervention components on
MVPA. Our optimization objective is to develop an inter-
vention optimized to produce the largest expected increase in
daily minutes of MVPAmost efficiently (i.e., with no inactive
treatment components). To the best of our knowledge, no
studies have applied MOST to MVPA intervention devel-
opment specifically for YACS.

The primary aim of Opt2Move is to identify which in-
tervention components contribute to a statistically significant
(P < 0.05) increase in daily MVPA at 12- and 24-weeks (Aim
1). The secondary aim is to examine how changes inMVPA at
12- and 24-weeks influence symptom burden, time spent in
light-intensity activity, sedentary behaviors, and sleep du-
ration and quality (Aim 2). We will also examine mediators
and moderators (of the four intervention components) on
MVPA at 12- and 24-weeks in YACS (Aim 3).

Detailed Methods

Study Design

All participants receive the “core” intervention. Participants
are randomly assigned to one of 16 combinations (24 = 16) of
four intervention components (E-coaching, buddy general
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mindfulness, MVPA-specific mindfulness), each with two
possible levels (yes vs no) in a full factorial experiment (see
Table 1). The 16 experimental conditions reflect all possible
combinations of the four intervention components. We se-
lected a factorial experimental design because it: a) separates
component effects enabling the estimation of the main effect
of each candidate component and interactions between
components; and b) has greater economical use in terms of
adequate power to examine the main effects of multiple
intervention components simultaneously with essentially the
same sample size needed for a single intervention compo-
nent.33 This factorial design should not be considered a 16-
arm RCT. All estimated main effects and interactions use all
experimental conditions (e.g., main effect of Buddy is esti-
mated by comparing outcomes of participants randomized to
conditions 1-8 in Table 1 to participants randomized to
conditions 9-16).

Study Population

Individuals meeting the following criteria are eligible to
participate: 1) 18-39 years old during study screening; 2)
diagnosed with cancer between 18-39 years old and <5 years
since diagnosis; 3) >3 months post-completion of primary
treatment (i.e., surgery, chemotherapy, and/or radiation); may
still be undergoing endocrine or hormone therapies; 4) cur-
rently engage in <60 minutes per week of MVPA (via self-
report); 5) own a smartphone (either an iPhone or an Android
model 5.0 or greater); 6) have access to internet; 7) fluent in
spoken and written English; and 8) willing to identify a buddy
to participate with them, if randomly assigned to this com-
ponent. Exclusion criteria include: 1) metastatic cancer di-
agnosis (cancer spread beyond initial site or lymph nodes, to
another part of the body); 2) any absolute contraindications to

exercise (e.g., acute myocardial infarction, severe orthopedic
conditions); 3) planned elective surgery in next 12 months; 4)
plans to become pregnant in next 18 months; 5) plans to move
out of United States in next 18 months; and 6) current en-
rollment in another dietary or physical activity trial. We chose
to restrict our sample to young adults and exclude adolescents
(ages 15-18) because main intervention is not developmen-
tally appropriate for those <18 years of age. There will be no
restrictions on geographic location within the United States.
All participants will be required to pass the American College
of Sports Medicine Exercise Preparticipation Health
Screening Questionnaire adapted for self-administration or
obtain medical clearance to participate in the trial.35 This
study is registered on Clinicaltrials.gov (NCT05375162). All
trial procedures are approved by Northwestern University’s
Institutional Review Board (#STU00210628).

Recruitment, Screening, and Consent

Participants are recruited through electronic health records
and clinician referrals at affiliated oncology clinics at two
large U.S. cancer centers (1 in Midwest and 1 in Southeast)
and via social media sites, online forums, and fliers at
community organizations and events. Participants complete
screening online or via phone to determine initial eligibility
for study participation. Eligible participants receive a copy of
study informed consent and a study overview document via
email and complete a phone call to confirm eligibility and
review study in more detail. All participants are required to
read and sign a university Institutional Review Board ap-
proved informed consent prior to participation in study ac-
tivities and are emailed a secure, individualized link to
complete online forms via REDCap (Research Electronic
Data Capture).36,37

Table 1. Experimental Conditions of Four Possible Component Assignments.

Condition
Core
Intervention E-Coach Buddy

General Mindfulness
Training

MVPA Specific
Mindfulness Training

1 On On On On On
2 On On Off On On
3 On On On Off Off
4 On On Off Off Off
5 On On On On Off
6 On On Off On Off
7 On On On Off On
8 On On Off Off On
9 On Off On On Off
10 On Off Off On Off
11 On Off On Off On
12 On Off Off Off On
13 On Off On On On
14 On Off Off On On
15 On Off On Off Off
16 On Off Off Off Off

Reading et al. 3



Randomization

After completing baseline assessments and receiving physician
consent (if needed), eligible participants are randomly assigned
to one of the 16 intervention conditions using computer-
generated randomly permuted blocks. To prevent bias, alloca-
tion is concealed as follows: 1) all 16 conditions are assigned a
code to correspond to condition and key for this coding scheme
will be kept separate from randomization allocation; 2) a
concealed allocation sequence in REDCap is used, which is
inaccessible to anyone until randomization occurs. The indi-
vidual conducting randomization is blinded until allocation has
been completed. The nature of intervention precludes blinding
of staff and participants, and the statistician is also blinded.
Participants are notified of their assigned intervention compo-
nents via e-mail after their intervention materials are mailed.
Participants receive a personalized QR code to download the
Opt2Move app with modules enabled for components to which
they have been assigned to “Yes” level. Participants assigned to
“No” level for components do not receive access to the cor-
responding module.

Intervention Packets and Orientation Call

All participants are mailed a Fitbit device and an intervention
packet including study overview, basic safety information, in-
structions for using the Fitbit and downloading and using the
Opt2Move and Fitbit apps, and component-specific instructions.
Participants complete a 15-20-minute orientation call, where
study staff reiterate expectations for overall intervention, describe
each assigned intervention component, answer any questions,
and troubleshoot any technical issues they may be having.

Core Intervention

All participants receive the core intervention to build es-
sential competencies necessary for progressively increasing
MVPA safely. The core includes the Fitbit Inspire 3 (or
similar) and the custom-built Opt2Move MVPA self-
monitoring core app module adapted from our previous
study in breast cancer survivors.38,39 Participants are asked
to download the Fitbit app and wear the Fitbit continuously
throughout the 24-week study period. Fitbit data automat-
ically syncs wirelessly with the Fitbit app and the Opt2Move
app to provide real-time Fitbit data to the study team. The
core Opt2Move app includes educational information on
MVPA, and effective behavior change strategies for
building self-efficacy, overcoming barriers, enhancing fa-
cilitators, setting realistic outcome expectations, and self-
regulatory skill-building (i.e., reviewing progress, goal
setting, action-planning, and coping with disruptions).
Figure 1 displays the Opt2Move core app module home
screen (Figure 1A) and additional intervention component
app modules (Figure 1B–E). Participants are provided with
an exercise prescription to gradually increase MVPA, build
efficacy, and ensure safe progression towards an overall goal
of 150 minutes per week. All participants begin with a
MVPA goal of 60 minutes per week and gradually increase
the goal by 15 minutes of MVPA each week until
150 minutes of MVPA is reached. Participants receive a hard
copy of the exercise prescription, which is also included in
educational information in the app. The weekly goal is
displayed on the Opt2Move app home screen. Participants
are instructed to self-monitor progress towards these goals
via feedback on Fitbit Inspire 3 and progress information in

Figure 1. Opt2Move intervention mobile app home screen and component features.
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the Opt2Move app. Participants receive app notifications
when they reach 50%, 75%, and 100% of their current
week’s MVPA goal and a weekly notification with a
summary of the previous week’s MVPA progress.

Rationale for Selection of the Four
Candidate Components

The four components to be tested were chosen for exami-
nation based on evidence from prior studies in cancer sur-
vivors and social cognitive theory (SCT).22 See Figure 2 for
the Opt2Move conceptual model. SCT is recognized as a
useful framework for designing MVPA interventions in
cancer survivors.40 SCT specifies a core set of determinants
(self-efficacy, goal-setting, facilitators and barriers, outcome
expectations) and mechanisms by which behavior change
occurs.41 SCT posits self-efficacy is both directly and indi-
rectly related to MVPA via facilitators and barriers (i.e., lack
of access to facilities, social support, self-compassion), goal-
setting/self-regulation (i.e., monitoring MVPA, using feed-
back and body awareness to measure progress), and outcome
expectations (i.e., belief MVPA will result in a specific
outcome).42,43 Each component is remotely delivered. While
each of the four components might impact multiple SCT
constructs, each was developed and hypothesized to target
one to two unique primary SCT construct(s). In turn, we
hypothesize that increased MVPA will decrease symptom
burden and sedentary time while increasing sleep duration,
sleep quality, and light-intensity activity time.

Intervention Components

Buddy. Personal and peer support from survivors’ friends and
family has been associated with increased MVPA among

cancer survivors.44,45 Personal support may increase MVPA
through encouragement, accountability, and exercising to-
gether.45 We hypothesize that the buddy component will
primarily enhance facilitators/reduce barriers by increasing
social support. Participants assigned to “Yes” level for buddy
select a buddy (i.e., friend, co-worker, caregiver, or family
member) to support them in increasing their MVPA and have
access to the Buddy module in the Opt2Move app. Buddies
must be ≥ 18 years old and willing to share their Fitbit data
with the study team. Buddies need to pass the Exercise
Preparticipation Health Screening Questionnaire or receive
medical clearance to participate.35 The buddy is mailed a
Fitbit and provided access to, and instructions for, all
Opt2Move app modules the participant has access to for their
assigned condition, with the exception of E-coach. The buddy
participates in a 15-30-minute orientation led by a research
team member over Zoom or phone. In the Opt2Move buddy
module (see Figure 1B), the buddy and participant can view
each other’s weekly MVPA progress toward their goal. A
message is posted in the buddy module when the buddy or
participant reaches 50%, 75%, and 100% of their weekly
goal. They can comment on progress using encouraging
messages pre-populated by the study team (i.e., “You inspire
me to keep going!” or “Wow! I am so proud of you for
reaching your goals!”). The study team also posts a “Buddy
Breakdown” strategy for increasing support (i.e., going for a
walk together, sharing an exercise selfie) one time per week.
Table 2 displays weekly content by intervention component.
Four 10-15-minute buddy training podcasts are posted to the
Opt2Move Buddy module at Weeks 3, 6, 9, and 12. These
podcasts are primarily designed to help the buddy effectively
support YACS, but YACS can access them if interested.
Buddies receive the same standardized exercise prescription
as participants. Buddies are informed that they are not re-
quired to increase or change their MVPA, but they may use

Figure 2. Opt2Move conceptual model.
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the exercise prescription as a guide if they opt to do so. On the
Opt2Move app home screen, the buddy tile displays their
buddy’s relative progress towards their weekly MVPA goal.

E-Coach. Professional support from trained coaches may in-
creaseMVPA in cancer survivors and the general population.46

Increases in MVPA have been observed with individualized
physical activity coaching delivered via various modes, in-
cluding web-based,47 interactive voice response (IVR),48 and
text message,49 suggesting asynchronous coaching may be
effective. We hypothesize that E-coaching will primarily en-
hance self-efficacy through SCTconstructs (addressing barriers
to physical activity, developing and managing outcome ex-
pectations, facilitating social support, and promoting mastery
experiences). Participants assigned to the “Yes” level of this
component receive the Opt2Move E-coaching module, which
consists of real-time messaging with a trained bachelor’s or
master’s level coach. Two text messages are scheduled to
automatically be sent from the coach to the participant each
week during the 12-week intervention period. In the first
weekly E-coach message, the coach will provide a brief
overview of the weekly behavior change topic (See Table 2 for
weekly e-coach topics) and ask participants a question about
the weekly topic. The second weekly E-coach message pro-
vides feedback on participants’ recent progress and goals and
helps troubleshoot and problem-solve. Eachmessage ends with

an open-ended question to facilitate conversation. Participants
receive an app notification when a new message is generated
from their coach. The number of “new messages” from the
coach is displayed on the Coach tile of the Opt2Move app
home screen. Participants who have not responded to their
coach within 48 hours receive a reminder notification to check
their coach messages. In addition to scheduled messaging,
participants are instructed to reach out to their coach with
questions, or for additional assistance. Coaches respond to
participants within 24 hours on weekdays and 48 hours on
weekends and check for new messages twice daily. Coaches
use a semi-structured response guide tailored to each week to
guide coach responses. Coaches also meet with other coaches
once a week to ensure fidelity and consistency across coaches.

General Mindfulness Training (MIND). Increased mindfulness
is associated with a higher likelihood to follow through on
MVPA intentions and maintain an exercise program.50,51 It is
hypothesized mindfulness may enhance MVPAvia improved
emotion regulation and cognitive flexibility,52–54 resulting in
better recognition and regulation of negative experiences
during MVPA (e.g., uncomfortable bodily sensations, emo-
tions) and enhanced intensity of positive aspects of MVPA.55

General mindfulness training is hypothesized to increase
facilitators/reduce barriers to MVPA by increasing mind-
fulness and self-compassion. Participants in the “Yes” level

Table 2. Weekly Intervention Content by Component.

Week E-Coaching Buddy Education
General Mindfulness
Training MVPA-Specific Training

1 Goal setting Benefits of having a buddy Defining mindfulness Defining mindfulness in relation to
MVPA

2 Monitoring intensity Buddy communication Body awareness Body awareness in relation to MVPA
3 Benefits of increasing

MVPA
Goal setting with a buddy Introduction to mindful

movement
Mindful movement and MVPA

Benefits of social support for
MVPAa

4 Increasing exercise self-
efficacy

Increasing motivation with a
buddy

Qualities of mindfulness Qualities of mindfulness in relation to
MVPA

5 Social support Effective social support Working with the wandering
mind

Working with the wandering mind
during MVPA

6 Overcoming barriers Overcoming barriers together Noticing pleasant events Noticing pleasant events during MVPA
Types of social supporta

7 Manageable exercise Holding each accountable Pain vs suffering Pain vs suffering in the context of
MVPA

8 Realistic outcome
expectations

Refreshing communication tips
(check-in)

Responding vs reacting Responding vs reacting in relation to
MVPA

9 Getting back on track Helping your buddy get back on
track

Awareness and compassion Awareness and compassion during
MVPA

Active listeninga

10 Healthy rewards Healthy rewards Loving- kindness Loving-kindness during MVPA
11 Reflecting on your

progress
Reflections on progress with
buddy

Observing thoughts Observing thoughts during MVPA

12 Relapse prevention Relapse prevention Keeping practice alive Keeping MVPA mindfulness practice
aliveRelationship buildinga

aBuddy Podcast.
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for this component receive the General Mindfulness module
in the Opt2Move app. Participants with this component re-
ceive 1 new brief weekly mindfulness education video each
week (1-2 minutes), which lays the foundation for what
mindfulness is and how it can be an important health behavior
(see Table 2 for weekly MIND topics). Each week partici-
pants are also asked to listen to general guided mindfulness
audio files ≥3 days/week and have a progress bar on their app
to show how many they have completed each week. Each
week during the 12-week intervention, a new mindfulness
practice audio file becomes available within the General
Mindfulness app module. Participants continue to have ac-
cess to all guided practices released in previous weeks.
Participants are recommended to listen to newly released
audio files each given week but are permitted to listen to any
of the mindfulness audio files. The length of recordings
gradually increases each week from 3-5 to 25-30 minutes. If
not completed, participants are sent reminders. All videos and
recordings are available via the Opt2Move app. Participants
receive an app notification when new MIND videos and
audios are available and a reminder notification if they have
not watched the videos and/or completed their weekly
mindfulness sessions. Their weekly progress towards 3 ses-
sions of general mindfulness training is also tracked on the
MIND tile on the Opt2Move app home screen.

MVPA-Specific Mindfulness Training (PAMIND). Combining
mindfulness into performance of physical activity has dem-
onstrated preliminary feasibility and acceptability and de-
creased ratings of perceived exertion, compared to physical
activity alone despite equivalent physiological responses.56–58

Thus, we hypothesize that MVPA-specific mindfulness will
increase realistic outcome expectations, which may make
MVPA more tolerable and enhance self-regulatory/goal
setting-skills. Participants in the “Yes” level for this component
receive the MVPA-Specific Mindfulness Training Opt2Move
app module. They receive access to 1 new brief mindfulness
education video (1-2 minutes) each week, which lays the
foundation for what mindfulness is and the importance of
linking mindful awareness with MVPA. Participants have
access to a library of 45 MVPA-specific guided mindfulness
audio files varying in intensity and duration (e.g., 10-minute
treadmill walking meditation, 20-minute bicycling meditation)
and are released to participants on a schedule corresponding
with their exercise prescription to ensure safe progression. See
Table 2 for weekly PAMIND topics. Participants in this
condition are asked to listen to ≥3 MVPA sessions/week and
are given a recommendation for the length and intensity of
these audio files each week corresponding to their progression
in the program. Participants receive an app notification when
new audio or videos are released and a reminder notification if
they have not watched weekly videos and/or completed their
weekly mindfulness sessions. On the PAMIND tile on the
Opt2Move homescreen, participants see their progress in
completing their weekly PAMIND sessions.

Outcome Measures

Measures are administered at baseline, 12-week (post-
intervention), and 24-week (maintenance). The primary
outcome is accelerometer-assessed MVPA. Secondary out-
comes include symptoms, light-intensity activity, sedentary
time, sleep, and social cognitive theory constructs. Demo-
graphic and disease characteristics are collected as potential
moderators of MVPA changes.

An accelerometer is mailed to all participants at each
time point. Participants are instructed to wear the activity
monitor for 7 consecutive days (see below for further
details) and mail it back to study investigators using self-
addressed stamped envelope provided. Fitbit data are
collected throughout the full study duration. Demographic
and disease characteristics, social cognitive constructs,
patient-reported outcomes, and behavior will be assessed
via a personalized link to a battery of questionnaires
e-mailed to participants at each time point to complete
online via REDCap. Participants receive reminders via
phone or email to complete assessments. Participants are
incentivized to complete assessments (up to $50/time
point) and permitted to keep the Fitbit.

Primary Outcome

The primary outcome for the study is daily minutes of MVPA
measured using an ActiGraph (model wGT3X – BT, Acti-
Graph, Pensacola, FL) that is worn continuously for 7 con-
secutive days at each timepoint (non-dominant hip during
waking hours and non-dominant wrist during sleep) ex-
cluding bathing or swimming. Participants complete a daily
log to indicate when the monitor is worn at each of the body
locations and sleep and wake times. Activity data are col-
lected at 40 Hz in 10-second intervals (epochs) and are re-
integrated into 60 s epochs for processing. Upon receipt of the
accelerometer, data are screened for valid wear time using
ActiLife version 6.13.5. If there is not at least 5 days of valid
measurement,59 participants are asked to re-wear the monitor.
Data processed for wear periods of ≥3 valid days at 12- and
24-weeks are included in analyses.60–62 Valid minutes of
waking wear time are categorized according to intensity
(counts/min) using established cut-points: sedentary (<100),
light activity (100-2019), and MVPA (>2020).63,64

Secondary Outcomes

Self-Reported Physical Activity. Participants complete the Godin
Leisure Time Exercise Questionnaire, a valid and reliable
measure of physical activity participation.65 They are asked to
report the frequency of participation in strenuous (e.g.,
jogging), moderate (e.g., fast walking), and mild (e.g., easy
walking) exercise over the past 7 days and the average time
spent in each intensity. Activity frequencies are multiplied by
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metabolic equivalents and summed to create a total leisure
time activity score.

Symptom Burden. Participants complete the PROMIS
29 Profile for pain intensity, and seven health domains
(physical function, fatigue, pain interference, depressive
symptoms, anxiety, ability to participate in social roles and
activities, and sleep disturbance) using four items for each
domain over the past 7 days.66

Time Spent in Other Activity Intensities. Daily time spent in
sedentary behavior (<100 counts) and light-intensity physical
activity (100-2019 counts) is examined as described above.

Sleep. The ActiGraph has been well-validated for sleep.67We
use the validated Cole-Kripke Sleep Scoring Algorithm built
into ActiLife software to process device-based sleep mea-
sures, including sleep duration, sleep efficiency, sleep onset
latency, and wakefulness after sleep onset. We also measure
perceptions or sleep-related impairment using well-validated
PROMIS sleep disturbance short form 4a.68

Moderators/Mediators

Potential moderators include demographic and disease
characteristics and intervention fidelity, feasibility, and ac-
ceptability. Potential mediators include SCT constructs
(i.e., goal setting, self-efficacy, facilitators/barriers, and
outcome expectations). Table 3 includes a more detailed
description of each measure.

Safety Monitoring

This study has a data and safety monitoring board. Partici-
pants are instructed to report injuries to study staff within
24 hours of occurrence. Additionally, they are emailed a
questionnaire via REDCap every 8 weeks to report any
potential adverse events that were not previously reported.
We reach out to emergency contacts for participants who do
not have any data for ≥14 days and have not responded to
contact attempts during that period to ensure safety and re-
engage participation.

Privacy and Confidentiality

To protect participant privacy, no personal information is
stored or associated with their Opt2Move app account. All
Fitbit data transmitted via the Opt2Move app are collected
using the Northwestern University server cluster, which has
limited physical access, is firewalled, and is regularly
monitored for security issues. All phone-encrypted data
transmissions use a secure sockets layer protocol with a
unique token for each participant. All data are backed up
regularly. Any personal health information is stored on

separate data clusters with unique keys and limited firewalled
access. The study consent form details potential privacy and
confidentiality risks and practices implemented to ensure
protection.

Sample Size and Power

We will enroll 304 YACS (19 per intervention condition). A
sample size calculation was conducted based on an ability to
detect an effect size of 0.3, which would correspond to a mean
increase of 5.13 minutes/day of MVPA from baseline be-
tween participants with a component “on” vs those with it
“off.” This equates to approximately 35 minutes per week or
about 2.0 MET/hours per week, which has been associated
with a ∼4% reduction in cancer mortality in cancer survi-
vors.69We assumed a type 1 error rate of 0.05, an ICC of 0.36,
and a standard deviation of 17 minutes at 12- and 24-weeks
based on existing data38 and using existing formulas for
group differences in longitudinal settings.70 Attrition was
assumed to be 11% at 12-weeks and 20% at 24-weeks.

Data Analysis

We will use intent-to-treat principles and aim to collect all
outcome measures even if participants do not engage with
their assigned treatments. Analyses will be conducted in SAS
9.4. Descriptive statistics will be summarized by participant
characteristics and baseline variables.

Aim 1will test the difference in daily minutes of MVPA by
intervention components across the time points (baseline, 12-
and 24-weeks) using mixed-effects regression modeling.
Covariates will include time—modeled using two indicator
variables for 12- and 24-weeks (with baseline as the reference
group), and the interaction of time and indicator variables for
each of the 4 components. Exploratory analyses involving
interactions between two components will be tested by fitting
additional models that include 3-way time by component-by-
component interactions.

Aim 2 will investigate the time-varying effects of MVPA
as a covariate on health behaviors and health outcomes over
the course of the intervention and will be modeled using
generalized linear mixed-effects models with the outcomes of
symptom burden, time spent in other activity intensities, or
sleep duration and quality. We will use the following de-
composition of MVPA to estimate the effect of a participant’s
baseline level of MVPA and their change from baseline on
Aim 2 outcomes at 12- and 24-weeks

MVPAij ¼ MVPAi0 þ
�
MVPAij � MVPAi0

�

These models will control for age, gender, time since
diagnosis, treatment, and cancer type.

Aim 3 will expand upon the model in Aim 1 to include a
moderation analyses. We will augment the Aim 1 model to
examine the effect of moderators of the intervention
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Table 3. Mediators and Moderators.

Name Description

Time Point

Baseline Week 12
Week
24

Demographics and health history
Demographics Participants will report on the following: Age, gender, race, ethnicity,

marital status, education, employment, occupation, income,
technology use, number of children

3

Health history questionnaire Participants will report on the following: Height; most recent weight;
tobacco/alcohol use, fruit and vegetable consumption, caffeine
consumption, date of diagnosis; age at diagnosis; cancer diagnosis;
clinical stage; previous cancer diagnosis; current and past cancer
treatment and start/completion dates; current medications;
menses and menopausal status; co-morbid medical conditions;
and clinical events (e.g., receipt of conventional cancer treatment
or procedure, cardiac events, diagnosis of comorbid condition,
medical problem requiring emergency room visit or
hospitalization); access to and use of exercise equipment and
resources

3 3 3

Social cognitive theory constructs
Barriers self-efficacy scale66 Assesses the beliefs in ability to be regularly active despite common

barriers over the next 12 weeks
3 3 3

E-coaching componenta

Exercise self-efficacy scale66 Assesses the beliefs in ability to be regularly active over the next
12 weeks

3 3 3

E-coaching componenta

Multidimensional outcome
expectations for exercise
scale67

Assesses social, self-evaluative, and physical outcome expectations
for physical activity

3 3 3

MVPA-specific mindfulness training
componenta

Social support for exercise scale68 Assesses support for physical activity received from friends, family,
and other cancer patients/survivors

3 3 3

Buddy componenta

Mindfulness
Southampton mindfulness
questionnaire69

Assesses mindfulness-based emotion regulation during distressing
thoughts and images

3 3 3

PROMISb mindful presence short
form 4a70

Assesses qualities of attention, awareness, and curiosity 3 3 3

PROMIS mindful awareness short
form 4a70

Assesses moment-to-moment conscious attunement with sensory,
mental, and emotional experience

3 3 3

PROMIS mindful curiosity short
form 4a70

Assesses the quality of connecting with one’s present moment
experience with open, unbiased inquiry

3 3 3

PROMIS mindful acceptance
short form 4a70

Assesses being open to one’s experiences as they are without trying
to change or control them

3 3 3

PROMIS mindful self-kindness
short form 4a70

Assesses being compassionate and caring towards oneself 3 3 3

PROMIS mindful insight –
decentering short form 4a70

Assesses the observation of thoughts and emotions as temporary
experiences or mental events that are different from one another

3 3 3

Fidelity and adherence to intervention components
Core interventionc Proportion of days fitbit is worn; proportion of number of days

Opt2Move app is opened; proportion of intervention weeks
MVPA goal is met

E-coachc Average number of e-coach exchanges; proportion of e-coach
messages responded to

Buddyc Proportion of buddy podcasts listened to by buddy; average number
of buddy breakdowns read; average number of buddy interactions
and proportion of weeks buddies interact within the Opt2Move
app

(continued)
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components by including a moderator main effect, its in-
teraction with time, and a 3-way moderator by time by
component interactions. These three-way interactions will
estimate whether the effect of a component differs as a
function of a moderator. We will examine moderators one at a
time using this framework. Models to assess the effect of
potential mediators of the intervention components will
follow Krull and Mackinnon’s approach for estimating me-
diation in multilevel models wherein mediation is assessed by
fitting two models.72 Model 1 will include the mediating
variable as a time-dependent covariate, and Model 2 will
estimate the effect of the components on the mediator itself
over time (using mixed-effects models with the same co-
variates as in Aim 1). We will estimate a separate model for
each mediation variable and multiply the mediator’s coeffi-
cients from Model 1 by the coefficient for the time-by-
component interaction of interest from Model 2 for the
mediation effect.

Component Selection

Our optimization criterion for component selection is the
combination of components corresponding to the largest
increase in MVPA at 12- or 24-weeks. We will identify an
effective combination of components by using the posterior
expected value approach developed by Strayhorn and col-
leagues.71 Our primary analysis will use informative priors
for the regression coefficients that place more prior weight on
the grand mean and main effects. Sensitivity to this prior

specification will be assessed by using non-informative priors
for all the regression coefficients. The combination of
components with the largest effects at weeks 12 or 24 will be
retained and considered for inclusion in the optimized in-
tervention as some components may be more or less im-
portant for MVPA initiation (i.e., 12-weeks) or maintenance
(i.e., 24-weeks). If none of the components are effective at
either time point, we will proceed with pilot testing additional
or revised components in a future optimization study.

Discussion

Considering the increasing rates of cancer among YACS,
there is a need for resource- and cost-efficient health inter-
ventions to meet the unique preferences and developmental
needs of YACS.73 mHealth physical activity interventions,
including social support and/or mindfulness, may be a viable
approach. However, traditional methods of testing social
support and mindfulness in physical activity interventions do
not delineate which specific components have the greatest
effect on increasing physical activity and improving quality
of life, particularly among YACS.

To the best of our knowledge, Opt2Move is the first study
to apply MOST methodology to determine individual and
combined effects of social support (i.e., buddy, E-coaching)
and mindfulness (i.e., general mindfulness training, MVPA-
specific mindfulness training) components on physical ac-
tivity. MOST is a rigorous, resource-efficient approach with
the ability to streamline efficacious behavioral health

Table 3. (continued)

Name Description

Time Point

Baseline Week 12
Week
24

MVPA-specific mindfulnessc Average number of educational videos opened and watched; average
number and length recordings listened to; proportion of weeks
do ≥ 3 audio practices each week

General mindfulnessc Average number of educational videos opened and watched; average
number and length recordings listened to; proportion of weeks
do ≥ 3 audio practices each week

Feasibility
Participant retention Ratio of participants who drop out to participants retained in each

component
3 3

Safety The number and severity of adverse events reported spontaneously
and during non-spontaneous adverse event assessments.
Acceptability is measured via a process evaluation to assess

Acceptability
Post-program evaluation Assesses: a) Intervention components’ perceived effectiveness, b)

plans to continue physical activity and intervention tool use; c)
intervention elements liked/disliked; and d) overall satisfaction
with study experience

3

aComponent targeting specific construct.
bPatient-Reported Outcomes Measurement Information System.
cData are continuously measured throughout the duration of the study.
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interventions. Thus, this study has the potential to identify a
fully remote, scalable, and optimized mHealth physical ac-
tivity intervention that is efficacious at improving physical
activity and quality of life in YACS. Following study
completion, we will revise intervention components as
necessary based on participant feedback. Then, we will test
the identified optimal set of intervention components in a
treatment package in a fully powered RCT. If an RCT to test
an optimized treatment package is not warranted based on our
findings, we will use information from other data collected
and our mediators and moderators to refine the most
promising components and/or identify new potential com-
ponents to be tested in an additional optimization study
consistent with the continuous optimization principle of
MOST.74

This study is not without limitations. While MOST fac-
torial study designs can be complex with multiple component
testing, previous work suggests this approach is feasible.57,75

As with most technology- or mobile-based interventions,
generalizability poses a threat to external validity. In that, our
findings could be limited to individuals who have access to
technology. On the other hand, we extend our reach and
generalizability by recruiting nationwide and including in-
dividuals who might experience barriers to participation,
including transportation, time, and access. As in any factorial
design, many permutations of intervention components could
be tested. The components chosen to be tested are based on
data for the efficacy, scalability, and cost of these compo-
nents. This study will lay the groundwork for future RCTs
evaluating the newly optimized intervention. Furthermore,
while this investigation concentrates on one aspect of exercise
recommendations for cancer survivors, subsequent research
could broaden the scope to encompass other forms of exercise
recommendations, such as strength training.

Conclusion

Opt2Move is the first mHealth physical activity intervention
for YACS tested in a MOST factorial trial. This trial will add
to the growing body of research applying MOST to inter-
vention development, particularly for physical activity and
mindfulness-based interventions. Distinguishing efficacious
and cost- and resource-efficient intervention components for
promoting physical activity is an important next step for
disseminating scalable and optimized physical activity in-
terventions. Ultimately, this work will significantly contribute
to understanding how to effectively increase and maintain
physical activity to improve health and disease outcomes in
cancer survivors.
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