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Abstract

Background: People with physical disabilities need exercise routines that are enjoyable, readily available in the
home, adapted to their functional level, and eliminate common barriers to exercise participation related to
transportation and time commitment. The purpose of the movement-to-music (M2M) study is to address these
issues by establishing a remotely delivered, rhythmic exercise program for people with physical disabilities.

Methods: The study is a two-arm randomized controlled efficacy trial examining a 12-week remotely delivered
M2M intervention (eM2M) in 108 people with physical disabilities. The primary outcomes are changes in
cardiorespiratory fitness and muscle strength at post 12-week intervention.

Discussion: The eM2M study will enhance our understanding of an alternative intervention design and delivery
mode that removes common barriers to exercise participation experienced by people with physical disabilities. The
eM2M intervention may be an alternative option for people with physical disabilities to obtain regular exercise,
especially during a pandemic when exercising in indoor facilities may be problematic.

Trial registration: ClinicalTrials.gov NCT03797378. Registered on January 9, 2019, with the trial name “Movement-
to-Music: Lakeshore Examination of Activity, Disability, and Exercise Response Study (M2M LEADERS)”.
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Introduction
Background and rationale {6a}
Exercise trials for people with physical disabilities are
currently challenged by the inability to reach large,
heterogenous groups of participants that are
representative of the target population. Studies typically
incorporate highly controlled designs and focus on

examining one specific disability group in an exercise
intervention with an average sample size of 40
participants per study [1, 2]. Because of this, the
generalizability and transferability of the research is
limited, which creates a need to identify evidence-based
exercise interventions that are robust enough to be suc-
cessfully used by multiple disability groups [3]. To ad-
dress this limitation, one potential strategy is for studies
to include people within the exercise intervention based
upon their physical function, as opposed to a specific
type of disability.
Creating exercise interventions for different levels of

physical function present a few challenges. For example,
when an exercise intervention is delivered to
participants with various levels of functional mobility,
people with higher or lower levels of physical function
may perceive the program as not challenging or too
difficult, which may compromise the physiological
adaptations achieved from the intervention. Froehlich-
Grobe et al. examined the effectiveness of a physical ac-
tivity intervention for women with a wide variety of mo-
bility limitations and reported no significant physiologic
change [4]. They suggested that a possible reason for
this nonsignificant finding was the variability in func-
tional mobility levels. The authors recommended that in
future studies, researchers should design exercise inter-
ventions using a functionally based approach to ensure
that every participant receives a similar exercise
stimulus.
In addition to addressing the physiologic training

needs in people with physical disabilities, it is also
important to ensure that the interventions are accessible.
Common barriers to exercise experienced by people
with physical disabilities include lack of transportation
to and from exercise venues, cost of the program,
inaccessible fitness facilities, and time constraints [5].
Fortunately, there are a growing number of scalable
telehealth technologies that have the potential to reach
large numbers of people with disabilities in the comfort
of their home [6]. In a recent review, we found that
technology-driven exercise intervention studies sustained
56% of all outcomes measured at follow-up, compared
to 24% for the exercise intervention studies that used
technology only for measurement purposes [7]. Given
the low rate of exercise participation among people with
physical disabilities [8], there is a pressing need to con-
tinue exploring the potential of using telehealth tech-
nologies to deliver home-based exercise, or what we
refer to as teleexercise, among people with disabilities.
Providing exercise that is enjoyable is also important

as it will likely increase adherence to the exercise
program in people with physical disabilities. Many
fitness-related training protocols such as treadmill walk-
ing, stationary cycling, and weight lifting often have low
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adherence rates due to lack of enjoyment or social inter-
action [9–11]. Asano et al. surveyed 417 people with
multiple sclerosis and found “dislike exercise” and “find
exercise boring” were common reasons for not exercis-
ing [12]. Providing alternative and enjoyable forms of ex-
ercise thus becomes critical in helping individuals find
activities that fit their interests and needs. Several stud-
ies have reported that music is an effective strategy for
improving exercise adherence [13–16] and enjoyment
[17, 18]. Listening to music during exercise is associated
with positive moods and feelings [19]. Indeed, evidence
suggests that dance is a promising intervention for im-
proving physical function in people with Parkinson’s [20,
21], stroke [22], and other disabling conditions [23–25].
An additional benefit is that movement-based exercise
with music can be performed almost anywhere with
minimal equipment.

Objectives {7}
The movement-to-music (M2M) study aims to examine
a rhythmic-based teleexercise intervention (eM2M) with
108 adults with physical disabilities. Specifically, the pri-
mary aim is to investigate effects of the 12-week eM2M
intervention on physical and psychosocial health out-
comes in participants who are classified into three func-
tional mobility groups: Group I—only able to exercise
while sitting, Group II—able to exercise sitting and
standing with or without support, and Group III—able
to exercise one side of the body more than the other
side. We hypothesize that participants who receive the
12-week eM2M intervention will have the following:

1. Significantly higher gains in cardiorespiratory fitness
and muscle strength compared to waitlist control
(WC) participants post-intervention.

2. Significantly greater gains in lower extremity
function, physical activity, health-related quality of
life, and social participation compared to WC par-
ticipants post-intervention.

The secondary aim is to compare the effect sizes of
eM2M on physical health outcomes including
cardiorespiratory fitness, muscle strength, and lower
extremity function with those observed in a previous
M2M trial [26] that grouped participants based on
disability type. We hypothesize that gains in physical
health will be larger than in the previous M2M trial
where participants were grouped by disability type.
The tertiary aim is to explore the role of group

cohesion, instructor support, exercise self-efficacy, exer-
cise self-regulation, social support for exercise, and out-
come expectations for exercise as mediating variables
between eM2M and the primary and secondary out-
comes. The heterogeneity of treatment effect across the

physical health outcomes will also be examined using
functional mobility and disability type as moderators.

Trial design {8}
The M2M study is a two-arm randomized controlled ef-
ficacy trial. Eligible and enrolled participants will be ran-
domized into one of two study arms: eM2M and WC.
The overall study structure is illustrated in Fig. 1.

Methods: participants, interventions, and
outcomes
Study setting {9}
The entire study will be conducted remotely through a
telehealth facility located at the study site. All physical
outcomes will be assessed via a HIPAA-protected Zoom
videoconferencing platform (teleassessments). All self-
report outcomes will be collected using electronic sur-
veys delivered through the Research Electronic Data
Capture (REDCap). The eM2M intervention will be de-
livered through the same Zoom platform, which is con-
nected to a custom built, password-protected
intervention website housed within an encrypted server
at the university. The website will be used to collect vital
signs and physical condition questions before and after
each eM2M session.

Eligibility criteria [27]
Individuals are eligible to participate in the study after
meeting all inclusion criteria, which include (1) primary
diagnosis of traumatic brain injury, stroke, multiple
sclerosis, spinal cord injury, spina bifida, Parkinson’s
disease, or cerebral palsy conferred by a physician; (2)
fits one of the three functional mobility groups: Groups
I–III; (3) between the ages of 18 and 70 years; (4)
physician clearance to participate; (5) willing to
participate in an exercise program 3 times per week; (6)
conversant in and reads English; (7) have internet access.
The exclusion criteria are (1) participated in a short-
term rehabilitation program or a similar intervention in
the last 6 months; (2) use of tobacco products in the last
6 months; (3) score <19 on the Telephone Interview for
Cognitive Status [27]; (4) active pressure ulcer; (5) any
contraindications to exercise based on the American
College of Sports Medicine (ACSM) guidelines [28]; (6)
visual acuity that prevents following a group exercise
class; (7) significant hearing impairment impeding ability
to hear music to engage in exercise; and (8) currently
pregnant.

Who will take informed consent? {26a}
Upon completion of the screening process with a study
recruitment coordinator, eligible individuals will receive
an electronic consent form via REDCap and will
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officially enroll in the study after signing the informed
consent form.

Additional consent provisions for the collection and use
of participant data and biological specimens {26b}
This study does not involve collecting biological
specimens for storage. The consent form asks if
participants are willing to be contacted for future
research opportunities. Participants can decline to
this option and still participate in the M2M study.

Interventions
Enrolled participants who complete baseline
assessments will be randomly assigned to eM2M or
WC. After randomization, participants in the eM2M
arm will meet virtually with study staff who will
provide information about the intervention schedule
and an online program (e-STORIES) [29] on exercise
self-regulation strategies, including goal setting, to be
completed prior to beginning the intervention. Partici-
pants in WC will be instructed to maintain their
usual activities during the 12-week intervention and
will be invited to participate in an eM2M program
after the control period. Both eM2M and WC partici-
pants will be asked to complete a weekly electronic
survey on their physical activity level.

Explanation for the choice of comparators {6b}
The eM2M intervention is designed to progressively
increase exercise duration to meet the U.S.
recommended exercise guidelines of 150 min of
moderate-intensity physical activity every week [30]. The
intervention utilizes movement routines choreographed
to music to target four fitness components: range of mo-
tion, muscular strength, cardiorespiratory endurance,
and balance. Table 1 highlights the general structure of
the eM2M intervention. The study aims to examine the
effects of the 12-week eM2M intervention by comparing
eM2M participants with WC participants.

Intervention description {11a}
The eM2M intervention consists of three sessions per
week for a total of 36 sessions over 12 weeks. The
intervention provides three different programs based
upon participants’ functional mobility, which are
classified into: Group I (seated exercise only), Group II
(seated and standing exercise with or without support
while standing), and Group III (exercise for right and
left side of the body).

Utilization of the Zoom platform and technology
All participants will be mailed a laptop after they
officially enroll in the study. The laptop will be used for
completing the teleassessments with study staff as well

Fig. 1 Overall M2M study structure
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as participating in the intervention. The laptop will have
a preinstalled shortcut on its desktop for easy access to
the eM2M sessions. The shortcut will direct eM2M
participants to the password-protected intervention web-
site that will prompt them to input vital signs and an-
swer questions on rating of perceived exertion (RPE),
pain, and fatigue when they login 15 min prior to each
eM2M session. The vital signs include resting blood
pressure, heart rate, and peripheral oxygen saturation
that are measured with a portable blood pressure moni-
tor and a pulse oximeter mailed with the laptop. If par-
ticipants’ vital signs are within safe range for exercise
(blood pressure ≤ 180/110 mmHg; heart rate ≤ 100 bpm;
oxygen saturation ≥ 90%), participants will then be di-
rected to the Zoom platform for the eM2M session. If a
vital sign is not within a safe range, participants will be
redirected to a webpage that informs them to rest for a
few minutes before attemping to login again. If upon a
second attempt a vital sign is still not within a safe
range, participants will be instructed to call study staff
and be recommended to not join the class that day.
All eM2M sessions will be delivered by a trained M2M

instructor from the Telehealth Center at Lakeshore
Foundation, Birmingham, AL. The sessions will be
supported by a research assistant, who will facilitate the
instructor and participants with technical difficulties and
ensure delivery quality of the eM2M sessions. At the
beginning of each session, the instructor will ask all
participants to set their Zoom screens to gallery view so
everyone can talk and interact with each other. Before
starting the first movement routine, the research
assistant will spotlight the instructor’s video to ensure
participants are able to easily view and follow the
instructor’s movements. The research assistant will also
mute participants’ microphones to prevent background
noise from interfereing with the session. Participants will
be instructed to raise their hand if they encounter any
issues during the session, and the research assistant will

transfer the participants to a Zoom breakout room to
resolve the issues. Toward the end of the session, the
instructor will ask all participants to change back to
gallery view for a cool-down and mindfulness routine so
everyone can see each other in one screen. Once the ses-
sion concludes the intervention website will redirect par-
ticipants to input their vital signs and complete the same
questions that they completed before the session.

Components of the eM2M intervention
The eM2M intervention is highly structured to ensure
strong fidelity between instructors. Each session consist
of 7 to 8 movement routines accompanied with music.
Every routine incorporates combinations of various
movement patterns and sequences that target one of the
four fitness components described below and can be
adapted to the participants’ functional mobility level.

Range of motion component
Each session starts with two 5-min range of motion rou-
tines that serve as the warm-up and focus on upper and
lower extremity joint movements performed in a seated
position. The upper range of motion routine targets
upper limb movements including (1) neck flexion, exten-
sion, lateral flexion, and rotation; (2) shoulder extension,
lateral/frontal/dorsal extension, flexion, adduction, hori-
zontal adduction, abduction, horizontal abduction, cir-
cumduction, and rotation; (3) shoulder girdle elevation
and depression; (4) elbow extension and flexion; (5)
wrist extension, flexion, and rotation; (6) hand extension
and flexion; and (7) torso lateral/frontal/dorsal extension
and rotation. The lower range of motion routine targets
lower limb movements including (1) hip extension,
flexion, adduction, horizontal adduction, abduction,
horizontal abduction, and rotation; (2) knee extension
and flexion; (3) ankle extension, flexion, and rotation;
and (4) toes extension and flexion. The movement
tempo ranges from 12 to 60 beats per minute (bpm).

Table 1 eM2M intervention structure

Training component\week 1 2 3 4 5 6 7 8 9 10 11 12

Duration (minute)

Warm up
(Range of motion)

Upper body 5 5 5 5 5 5 5 5 5 5 5 5

Lower body 5 5 5 5 5 5 5 5 5 5 5 5

Upper extremity muscle strength 5 5 5 5 5 5 5 5 5 5 5 5

Cardiorespiratory fitness 10 10 15 15 20 20 25 25 30 30 30 30

Lower extremity muscle strength 5 5 5 5 5 5 0 0 0 0 0 0

Balance Static 5 3 3 2 2 0 0 0 0 0 0 0

Dynamic 0 2 2 3 3 5 5 5 0 0 0 0

Cool down/mindfulness 5 5 5 5 5 5 5 5 5 5 5 5

Total minutes 40 40 45 45 50 50 50 50 50 50 50 50
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Muscle strengthening component
The muscle strengthening component consists of one 5-
min seated routine that targets upper extremity muscle
groups including biceps, triceps, deltoid, trapezius/rhom-
boids, pectorals, erector spinae, rectus abdominus, and
obliques as well as one 5-min standing routine that tar-
get lower extremity muscle groups including quadriceps,
hamstrings, gastrocnemius/soleus, and tibialis anterior.
The routines are adapted for Group I participants, where
the upper extremity strength routine focuses on the
shoulder, chest, upper back, and arm muscles and the
lower extremity strength routine focuses on the abdom-
inal and lower back muscles. All eM2M participants re-
ceive a pair of 2-lb wrist weights mailed to them after
randomization that are used to perform this routine.
The movement tempo ranges from 40 to 60 bpm.

Cardiorespiratory fitness component
The cardiorespiratory fitness component consists of two
routines that are performed at movement tempo that
ranges from 100 to 180 bpm. The routines are
structured with a series of movement combinations and
can be performed seated or standing with or without
support. The component begins with 10 min at week 1,
progress to 30 min at week 9, and maintain 30 min for
remaining weeks 10–12. Participants are asked to rate
their RPE on a 0–10 Borg scale [31, 32] at the end of
each cardiorespiratory fitness routine.

Balance component
The balance component consists of a 5-min routine that
targets static and dynamic balance. This component be-
gins with a static balance routine at week 1 and pro-
gresses to a dynamic balance-focused routine at week 8.
The routine is adapted for Group I participants, which
involves sitting stability, trunk rotation, and weight shift-
ing with arms and upper body reaching in different
directions.

Cool down/mindfulness component
The cool down/mindfulness component focuses on
breathing and mindfulness where the instructor and
participants come together while forming a virtual,
imaginary circle. The instructor then delivers a
mindfulness quote and ask participants to share their
thoughts at the end of each session.

Participant safety
Before starting the intervention, study staff will confirm
with the participants about their emergency contact
information and instruct them to notify their emergency
contacts about the intervention schedule. In the event of
an emergency during the eM2M session, the research
assistant will place the participant in a breakout room

and confirm severity of the emergency. Should the
emergency deem that medical help is necessary, study
staff will first contact the participant’s emergency
contact and will call 911 if the emergency contact
cannot be reached.

Criteria for discontinuing or modifying allocated
interventions {11b}
There are no criteria for discontinuing or modifying
allocated Intervention when requested by participants.
Participants may choose to stop the intervention or
withdraw from the study for any reason, including being
assigned to a study arm that is not a preference.

Strategies to improve adherence to interventions {11c}
The eM2M intervention is underpinned by four Social
Cognitive Theory constructs: self-efficacy, self-
regulation, outcome expectations, and social support
[33]. Self-efficacy is targeted through (1) mastery experi-
ence: begin with lower exercise intensity and movement
complexity and progress to higher exercise intensity and
movement complexity across the intervention, to ensure
that participants are challenged in a progressive manner;
(2) verbal persuasion: motivate and encourage partici-
pants during class through verbal positive reinforcement;
and (3) emotional/physiological states: ask participants to
rate their RPE as well as pain and fatigue level at the be-
ginning and end of each eM2M session to increase
awareness of emotional and physiological states. Self-
regulation and outcome expectations are addressed by
asking participants to set monthly exercise goals and dis-
cuss expectations they have about exercise. In addition,
the eM2M instructors will explain targeted outcomes to
participants at the beginning of each routine. Social sup-
port is addressed by having group classes where partici-
pants with similar functional mobility levels are
exercising together and by giving participants time at
the beginning and end of each class to talk and interact
with each other. The purpose of having gallery view on
the Zoom platform at the beginning and end of each
session is to facilitate the group interaction and social
support. In addition, email or text reminders will be sent
to participants a day before the intervention starts and
one hour prior to each eM2M session.

Relevant concomitant care permitted or prohibited
during the trial {11d}
Not applicable, no concomitant care or interventions are
prohibited during the trial.

Provisions for post-trial care {30}
Not applicable, no provisions for post-trial care are in-
cluded in the study.
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Outcomes {12}
Primary and secondary outcomes include a set of
physical assessments and self-report questionnaires
and will be assessed at baseline and post 12-week
intervention via the Zoom platform (teleassessments
[34]) and REDCap electronic questionnaires. Assessors
will be blinded to participant assignment, and alloca-
tion of the arm assignment will not be done until
baseline testing is completed. The outcome measures
included in this study were developed and validated
in previous literature with adequate to excellent reli-
ability. The primary outcomes include changes in car-
diorespiratory fitness measured with resting heart rate
[35] and the heart rate recovery test [36, 37] as well
as muscle strength assessed with hand-held dyna-
mometer [38–40] at post 12-week intervention. The
secondary outcomes include changes in lower extrem-
ity function assessed with the Short Physical Perform-
ance Battery [41] and the Timed Up and Go tests
[42–44], health-related quality of life measured using
the NIH PROMIS 10 Global Health Items [45], social
participation measured using the NIH PROMIS Abil-
ity to Participate in Social Roles and Activities Short
Form 8a [45], and physical activity measured using
the Godin Leisure Time Exercise Questionnaire [46–
54] at post 12-week intervention. Table 2 summarizes
all outcome measures and the corresponding data col-
lection time points.

In addition, after participants complete the eM2M
intervention, they will be asked to participate in semi-
structured interviews via Zoom. The interviews will
be conducted in a group format (the same group of
participants that underwent the intervention together).
The interviews will include questions that probe par-
ticipants’ perceived impact of eM2M on their health
and function, as well as their experience exercising
with other participants with similar functional levels
who have different disabilities. The interviews will be
audio-recorded, transcribed, and analyzed using a la-
tent thematic analysis approach (underpinned by
interpretivism).

Participant timeline {13}
Table 3 displays the schedule of enrollment,
randomization, intervention, and assessments for the
M2M study participants.

Sample size {14}
Our conservative sample size and power calculations
for the primary outcomes, which constitute a family
of hypotheses [63], assume a two-sided overall
family-wise error rate of 0.05 [64], 80% power, an
analysis of covariance (ANCOVA)-based approach,
and an attrition rate of 25% with 82 participants fin-
ishing the study. Under these assumptions, we will
have 80% power to detect at least a minimally

Table 2 Outcome measures of the M2M study

Role Variables Outcome measures Collection time points

Primary
outcomes

Cardiorespiratory fitness Resting heart rate [35]
Heart rate recovery test [36, 37]

Baseline and 12 weeks

Muscle strength Hand-held dynamometer [38–40] Baseline and 12 weeks

Secondary
outcomes

Lower extremity function Short physical performance battery [41]
Timed up and go [42–44]

Baseline and 12 weeks

Health-related quality of life NIH PROMIS 10 Global Health Items [45] Baseline and 12 weeks

Social participation NIH PROMIS Ability to Participate in Social Roles and Activities Short
Form 8a [45]

Baseline and 12 weeks

Physical activity Godin Leisure Time Exercise Questionnaire [46–54] Baseline and 12 weeks

Mediators Program adherence Percentage of # of attended eM2M sessions 12-week intervention
period

Group cohesion Physical Activity Group Environment Questionnaire [55–57] 12 weeks

Instructor support Perceived Autonomy Support Scale for Exercise Settings [57, 58] 12 weeks

Exercise self-efficacy Exercise Self-efficacy Scale [59] Baseline and 12 weeks

Exercise self-regulation Exercise Goal-setting Scale [60] Baseline and 12 weeks

Outcome expectations for
exercise

Multidimensional Outcome Expectations for Exercise Scale [61] Baseline and 12 weeks

Social support for exercise Social Provisions Scale [62] Baseline and 12 weeks

Moderators Functional mobility Short Physical Performance Battery [41] Baseline

Disability type Demographics and Health History Questionnaire Baseline

Covariates Barriers in physical activity Barriers in Physical Activity Questionnaire [63] Baseline
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detectable difference (Cohen’s d) of 0.552. In these
calculations, a conservative correlation of 0.6 be-
tween the baseline covariate and outcome is as-
sumed, which is similar to a previous study by
Froehlich-Grobe et al. [4].

Recruitment {15}
Potential participants will be primarily reached by
disseminating recruitment information through local
disability service providers, their social media outlets,
and the study website (https://m2mstudy.org). If

Table 3 Schedule of enrollment, randomization, intervention, and assessments for the M2M study participants
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potential participants are interested in participating, they
will be directed to the study website to complete an
electronic pre-screening form linked to REDCap.

Assignment of interventions: allocation
Sequence generation {16a}
Randomization is stratified based on the three functional
mobility groups. Within each stratum of 36 participants,
a permuted block randomization design is implemented
to ensure close balance between the two arms across
intervention waves (12 weeks per wave) and to increase
the unpredictability in the upcoming assignment and
prevent inadvertent bias. The randomization sequence
was generated by a study biostatistician (TM) who is not
involved in participant recruitment, assessments, and
intervention delivery.

Concealment mechanism {16b}
The randomization sequence is uploaded to a
randomization module in REDCap.

Implementation {16c}
Randomization will be performed entirely in REDCap by
study staff after a participant completes baseline
assessment.

Assignment of interventions: blinding
Who will be blinded {17a}
Given the nature of the intervention, it is not plausible
to blind participants and study staff who perform the
randomization and monitor the intervention delivery.
However, all data collection and analyses will be
performed by study investigators and staff who are
blinded to the study assignments.

Procedure for unblinding if needed {17b}
Study personnel who are responsible for collecting and
analyzing data will remain blinded throughout the study
period.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Before conducting the baseline teleassessments, study
staff will connect with each participant for a virtual
home visit via Zoom using the laptop mailed to them.
The purpose of this visit is to walk participants through
all provided testing equipment and identify places at
home to exercise safely. The testing equipment includes
a blood pressure monitor for measuring resting blood
pressure and heart rate, a pulse oximeter for the heart
rate recovery test, a hand dynamometer for the grip
strength test, and two cones and a tape measure for the
Short Physical Performance Battery and the Timed Up
and Go tests.

All physical outcomes will be performed by assessors
who are trained to administer the teleassessments via
Zoom based on standardized protocols. All data from
the teleassessments will be entered directly into
REDCap. All self-report outcomes will be collected
through electronic questionnaire packets delivered via
REDCap. All items of the questionnaire packets are set
as must-provide-value so participants are required to an-
swer before submission to prevent data missingness.
Each questionnaire packet is also set to be delivered to
participants three times, separated by 3 days, if it is not
completed. A follow-up phone call will be made if par-
ticipants do not complete the packet after 7 days to en-
sure participants receive the packet and remind them to
complete it within the next 3 days. Randomization will
not take place until the the baseline teleassessments and
questionnaire packet are completed.

Plans to promote participant retention and complete
follow-up {18b}
Financial incentives will be provided to participants for
completing study assessments, which include $25 for
baseline and $50 for post 12-week intervention.

Data management {19}
All data will be collected remotely and will be entered
directly and stored in REDCap. REDCap is a software
program that was developed by Vanderbilt University,
with collaboration from a consortium of institutional
partners and the NIH National Center for Research
Resources, for electronic collection and management of
research and clinical trial data. All collected data will be
systematically cleaned and verified. Data checking and
cleaning involves secondary checks to identify any
impossible values (e.g., 0 s to complete Timed Up and
Go test) and univariate or multivariate outliers. Any
erroneous data points will be corrected and the
correction will be documented. REDCap data collection
projects rely on a thorough study-specific data dictionary
defined in an iterative self-documenting process by all
members of the study team.

Confidentiality {27}
REDCap is 21 CRF Part 11 capable. Currently, REDCap
installations support electronic signatures by positively
identifying the user through a unique username and
password combination. Access to the REDCap database
will be given to the study personnel only, including the
biostatistician and data management personnel. Data
being analyzed will be exported in de-identified format.
As part of the data dictionary development process, indi-
vidual fields are denoted as “identifiers.” When exporting
a de-identified dataset, these variables are omitted. Iden-
tities of participants will not be revealed in the
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presentation or publication of any result from this study.
All study personnel are educated about the importance
of strictly protecting participants’ rights to confidential-
ity and can only access the data necessary for job com-
pletion. Participants will be informed of law-mandated
instances in which confidentially could be breached.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
Not applicable, no biological specimens will be collected
in the study.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
Primary analysis
The primary analysis for the average treatment effect
(primary aim) will employ an intent-to-treat linear
mixed model ANCOVA with the baseline outcome mea-
sures as covariates, the corresponding post-intervention
outcome measures as the dependent variables, the inter-
vention as the main factor, and the intervention waves
as random effect. In general, missingness will be handled
by our choice of mixed models to handle the multi-level
data. Mixed models use all the data available to directly
estimate model parameters via maximum likelihood or
restricted maximum likelihood. Where necessary, we will
supplement these primary analyses by using multiple im-
putation procedures with 10 imputations [4]. We have
configured three families of hypotheses based on our
primary and secondary outcomes.
For the secondary aim, we will estimate the effect

sizes and their 95% confidence intervals and compare
them with the corresponding effect sizes and interval
estimates from a previous M2M trial [65]. We will
generate 95% percentile bootstrap confidence intervals
between the differences in the effect sizes utilizing data
from both trials. To test for pre-specified moderators,
we will extend our models in the primary aim to include
moderators as main effects along with an interaction
term with the intervention. A test for interaction be-
tween the moderator and intervention will be
conducted.

Secondary analysis
Based on the p values for all the analyses reported, we
will report the false discovery rate and false discovery
proportion. We will estimate Bayes factor for each
comparison, which is especially useful in the
interpretation if the null is not rejected. Using the
outcome data, we will conduct exploratory cluster
analysis to assess whether the clustering occurs based on
functional level or disability type. Descriptive

comparisons of eM2M effects between disability groups
will be reported where appropriate. We will examine
barriers in physical activity as well as the four Social
Cognitive Theory constructs: self-efficacy, goal-setting,
outcome expectancies, and social support as mediating
variables between the intervention and the outcomes
using the product of coefficients test as suggested by
Mackinnon and colleagues [26].

Interim analyses {21b}
Not applicable, no interim analyses are planned.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
Not applicable, no additional subgroup analyses are
planned.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Missing data will be imputed using multiple imputation
where necessary, with assumption that the missingness
mechanism is missing at random.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}
This paper provides the overall study protocol. Readers
should contact the authors if interested in other data or
documentation of the study.

Oversight and monitoring
Composition of the coordinating centre and trial steering
committee {5d}
The study is a single-center trial. All study activities are
performed and coordinated under the UAB/Lakeshore
Research Collaborative. The day to day support for the
study is provided by the following:

1) Scientific director: supervise the implementation
and fidelity of the study protocol and intervention
delivery.

2) Project coorindator: coordinate all apsects of the
study and manage its regulatory requirements.

3) Rercuiment coordinator: recruit, screen, and obtain
medical clearance for potential participants and
support participant communication throughout the
study period.

4) Research assistants: perform day to day study tasks
including study visit scheduling, equipment
shipping, intervention preparation and monitoring,
and participant communication.

5) Study physician: review and approve medical
clearance prior to participant enrollment as well as
review adverse events.
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The scientific director, the project coordinator, the
recruitment coordinator, and research assistants
communicate about the study on a daily basis. The
project coordinator, recruitment coordinator, and
research assistants meet weekly to go over project
activities and study milestones.

Composition of the data monitoring committee, its role,
and reporting structure {21a}
The study does not have a Data Monitoring Committee.
The study investigator and scientific director (H-JY) will
be responsible for monitoring the protocol fidelity, data
collection, and data management processes throughout
the study period. The study biostatistician (TM) will be
responsible for overseeing data analysis and data
sharing. The principal investigator (JR), along with all
investigators, will be responsible for reporting and
preparation of peer-reviewed manuscripts.

Adverse event reporting and harms {22}
The M2M study will monitor adverse events and report
them based on four types defined by the Behavior
Change Consortium of the National Institutes of Health
[66–68]. The four types of AEs are (1) falls, (2)
cardiovascular-related episodes, (3) musculoskeletal-
related events, and (4) health care use. All adverse events
will be assessed for severity and causality and will be re-
ported to the Institutional Review Board and relevant
regulatory bodies when necessary.

Frequency and plans for auditing trial conduct {23}
Not applicable, the study does not contain plans for
auditing trial conduct.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}
The University of Alabama at Birmingham’s Institutional
Review Board will be notified when deviations from the
approved protocol occur, and the deviations will be fully
documented using a problem report form. When
important protocol amendments are necessary, the study
team will notify and communicate with the program
officer of the funding agency. Approvals from the
program officer will be obtained prior to amending the
protocols. Any amended protocols will be updated in the
study’s ClinicalTrials.gov record (https://clinicaltrials.
gov/ct2/show/NCT03797378).

Dissemination plans {31a}
Findings from this study will be shared publicly and
disseminated mainly by publications in peer-reviewed
journals as well as conference presentations.

Discussion
Nearly one out of two people with disabilities (46%) in
the USA is categorized as physically inactive [69]. In a
2014 Centers for Disease Control and Prevention report
[70], less than 10% of people with physical disabilities
performed aerobic exercise, one of the key markers for
optimal health and prevention of chronic disease. The
report noted that sedentary people with disabilities were
three times more likely to report primary health
conditions such as heart disease, stroke, diabetes, or
cancer compared to active people with disabilities.
People with disabilities need immediate resources that
they can use to obtain regular exercise.
Being aware of the multiple barriers that many people

with disabilities experience when trying to become
physically active, there are important questions that this
study will address. First, there are very few non-
conventional exercise options for people with disabilities.
The current study will examine a novel rhythmic exer-
cise intervention that utilizes music to facilitate exercise
and will provide evidence on efficacy of this alternative
exercise programming. Second, the eM2M intervention
is designed to include participants with different disabil-
ities and similar functional mobility in a group class set-
ting. The study will test whether a greater intervention
effect can be obtained with participants with a more
homogeneous range of physical function and will en-
hance our undestanding of effective design strategies of
a home-based exercise intervention for people with dis-
abilities. Third, many people with physical disabilities
have difficulty getting to an exercise facility on a regular
basis. This is due to factors including but not limited to
long delays for transportation services and inaccessible
exercise facilities. The M2M study is designed to be de-
livered completely online so that participants can
complete the assessments and intervention in the com-
fort of their own home. Thus, the study will provide de-
tailed documentation of such an intervention delivery
mechanism and will be helpful for designing future stud-
ies involving people with disabilities.

Trial status
Protocol Version 1, Novemeber 2020. Recruitment
started in December 2020 and the first intervention
wave is projected to take place in March 2021.
Recruitment is expected to be completed in July 2022.
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