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Abstract

Background: People with multiple sclerosis (MS) experience life challenges due to the nature of disease progression. Although
an active lifestyle has been shown effective for symptom and relapse management, most people with MS lead a sedentary lifestyle
and do not reach the recommended physical activity (PA) guidelines.

Objective: This study aims to test the preliminary efficacy of a codeveloped, online self-management intervention based on
the health action process approach (HAPA) adapted for people with MS to cultivate a physically active lifestyle.

Methods: The 8-week intervention program was developed using community-based participatory research based on the HAPA.
The program includes increasing awareness of incorporating PA in a daily routine, the benefits of physical activities for people
with MS, developing motivation, utilizing social and environmental support, setting measurable goals and doable plans, and
coping with barriers for long-term adoption of new behaviors. Community members with MS serve as peer coaches. We aimed
to recruit 60 people with MS, randomizing them to an intervention group or a wait-list control group. Control group participants
do not receive any intervention nor information for the period of study. Participants will complete PA measures (accelerometer
and survey) and psychological assessments at baseline; after an 8-week intervention; and 3 months, 6 months, and 12 months
postintervention. We hypothesize that the intervention group will have (1) higher scores on the HAPA questionnaires and (2)
higher frequency, duration, and intensity of engagement in PA after the intervention than the control group. We will conduct
descriptive analyses (means, SDs), chi-squared tests, independent t tests, paired t tests, repeated measures ANOVA, and 2-way
(any 2 factors of conditions, disability severity levels, and time) and 3-way (conditions × disability severity levels × time) mixed
model ANOVAs.

Results: The study was funded in April 2018 and was delayed due to the COVID-19 pandemic. We invited peer coaches to
review the accessibility of online modules in fall 2022. We finalized the module accessibility and trained peer coaches on how
to use the online modules in December 2022. Since February 2023, we have recruited 50 participants to the trial who have been
assigned to the intervention group (n=25) or control group (n=25). During the follow-up stage, 3 participants dropped out of the
intervention group, and 4 participants dropped out of the control group. Enrollment ended in 2024, and data collection is expected
to conclude by December 2025, with results anticipated to be published in January 2026.

Conclusions: This study will test the effectiveness of using an evidence-based online intervention for self-management of
physical activity behavior by people with MS. The results of the study will provide us with insightful information for designing
community-based participatory research and implementing telerehabilitation interventions for people with MS.

Trial Registration: ClinicalTrials.gov NCT05124522; https://clinicaltrials.gov/study/NCT05124522

International Registered Report Identifier (IRRID): DERR1-10.2196/66091
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Introduction

Background
Multiple sclerosis (MS) is a progressive neurodegenerative
disorder that affects nearly 1 million Americans; this number
has doubled since 1976 [1,2]. This underscores a pressing need
for disease management and prevention efforts [2]. The growing
number of cases is particularly concerning, as there exists a
series of unmet needs in managing the unpredictable and
evolving symptoms of MS. Approximately 80% to 90% of
people with MS experience acute episodes of relapses, often
resulting in partial or complete recovery [3]. However, it is
important to note that recovery from these relapses is typically
incomplete over time, leading to a substantial accumulation of
neurological disability [3]. Common symptoms of MS
encompass fatigue, spasms, difficulties with mobility and
balance, cognitive and emotional alterations, and depression
[4,5]. These symptoms can lead to a sedentary lifestyle, diminish
physical and mental well-being, and subsequently result in
physical and mental disabilities, ultimately reducing community
participation [6].

People with MS have reported exacerbation of their symptoms
when living a sedentary lifestyle [6]. Such a sedentary lifestyle
is often associated with an elevated risk of developing comorbid
conditions, including cardiovascular diseases, type 2 diabetes,
obesity, various cancers, depression, hypertension, and stroke
[6,7]. Compelling evidence suggests that, even in the case of a
progressive form of the disease, engaging in physical activity
(PA) offers numerous benefits, specifically alleviating MS
symptoms, managing comorbidities, and reducing the frequency
of relapses [8,9]. This, in turn, leads to improved quality of life
and reduced health care costs, which are particularly crucial for
people with MS [9,10]. Most significantly, PA effectively
mitigates symptoms and slows the progression of MS [6,11-15].

The evidence-informed PA guidelines for people with MS
recommend that “to achieve important fitness benefits, people
with MS who have mild to moderate disability need at least 30
minutes of moderate-intensity aerobic activity 2 times per week
and strength training exercises for major muscle groups 2 times
per week. Meeting these guidelines may also reduce fatigue,
improve mobility, and enhance elements of health-related quality
of life” [16]. However, recent evidence suggests that nearly
80% of people with MS are not meeting the general public
health guidelines for moderate-to-vigorous PA (ie, 30 minutes
of moderate-to-vigorous PA on 5 days a week via aerobic
activity and at least 2 days per week of strengthening activities,
including all major muscle groups) [17,18]. Therefore, it is
imperative to develop and implement evidence-based
interventions that apply effective behavior change approaches
to promote a physically active lifestyle by people with MS. It
is important to tailor these interventions to the needs of people
with MS to ensure their effectiveness at fostering long-term
behavior change and positive outcomes.

Although advanced medical treatments and related rehabilitation
therapies for MS have been developed, many people with MS
are unable to access these health care resources due to limited
mobility, fatigue, and other financial and environmental barriers
[19,20]. Telerehabilitation holds substantial promise for
addressing these challenges, offering a patient-centered approach
that is both cost-effective and efficient. When appropriate for
patients, telerehabilitation also proves advantageous and
convenient for clinicians. It enables them to assess and monitor
treatment responses and outcomes promptly, allowing for the
optimization of intervention timing, intensity, and duration as
needed [21,22]. In a study by Li et al [23], 73% of outpatients
with MS reported using telehealth services with a high level of
satisfaction. Additionally, a survey revealed that 93% of
individuals with MS used the internet, compared with 75% of
the general population [24]. Remarkably, over 80% of people
with MS expressed interest in online information related to MS,
including aspects like prognosis and medication, while
approximately 90% were interested in online information
pertaining to MS management, such as PA, diet, stress reduction,
and mind-body therapies [25]. Therefore, an internet-based
intervention aimed at promoting a physically active lifestyle
holds great promise for many people with MS.

It is worth noting that a systematic review including 9
randomized controlled trials (RCTs) concluded that the quality
of current research on telerehabilitation for people with MS is
insufficient and needs to be improved [20]. The review found
the interventions showed low-level evidence for reducing
short-term (3 months) as well as long-term (≥6 months)
disability symptoms and impairments and improving quality of
life and psychological outcomes, indicating the need for studies
exploring the efficacy of long-term interventions. Additionally,
it is worth noting that the reviewed programs had limited data
on patient experience and satisfaction, and only 3 studies were
grounded in theory, particularly in social cognitive theory (SCT)
for increasing PA [20]. More importantly, existing studies lacked
a sound theoretical basis with behavior change researchers, and
the Medical Research Council strongly advocates for a
theory-based approach to complex interventions as they are
effective, sustainable, and scalable [26-28]. The most commonly
used theoretical framework, SCT [20,29], uses goal setting as
a robust variable for participants’ increased engagement in PA
and maintenance of PA 3 months after an intervention [30-35].
However, self-regulation for long-term maintenance (eg, >3
months) of PA and the psychosocial effect of managing a
physically active lifestyle, such as self-efficacy, coping with
challenges or relapses, and commitment, are seldom considered
[36,37]. These factors are critical and contribute to maintaining
control over health in the absence of a cure for MS; therefore,
considering them for self-management is imperative [36-38].

Further, these SCT intervention studies did not develop an
individual’s self-regulation knowledge and skills based on
Bandura’s self-regulation theory [39]. It is very important for
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people with MS to learn self-regulation for their new behavior
of PA because they could experience variations in the frequency
and intensity of symptoms and impairments, especially fatigue,
pain, depression, and anxiety [4,6]. As a result, individuals with
MS must acquire the necessary tools to effectively regulate their
engagement in PA, even when they are not feeling their best
[36,37,40,41]. To maintain a physically active lifestyle over the
long term, people with MS need to learn how to regulate PA
engagement on top of various physical and mental challenges
and to resume PA from their relapses due to different reasons
(eg, flare-ups, surgery) [36,37,40,41].

Therefore, we adopted the health action process approach
(HAPA) by Schwarzer et al [42] to craft our online intervention.
HAPA has integrated SCT [43,44], the stages of change model
[45], and the theory of planned behavior [46]. HAPA consists
of two key phases: motivation phase and volition phase. In the
motivation phase, an individual’s action self-efficacy, risk
perception, and outcome expectancy drive the intention to
change behavior. Once motivated, the volition phase
involves action planning, coping planning, maintenance
self-efficacy, and recovery self-efficacy, which are essential for
sustaining behavior change and resuming activity after potential
relapses. Additionally, recognizing and assessing an
individual’s barriers and available resources are crucial for
long-term behavior maintenance, as these factors influence
self-efficacy across both phases of the model. To ensure the
suitability of HAPA for people with MS, we validated the HAPA
model and its measure battery for PA and eating behavior with
people with MS [37].

In line with the community-based participatory research process,
during the program development phase, we recruited community
members living with MS who have successfully maintained a
physically active lifestyle in accordance with the guidelines
[17,18,47] for more than one year to serve as community peer
leaders (henceforth called peer coaches). The peer coaches
played an active role in developing and evaluating the materials
for the 8 modules that constitute the intervention (see the
Methods section). The peer coaches will offer invaluable peer
support and assistance to the intervention group [36,48].
Moreover, we used the flipped classroom pedagogical approach
to facilitate adult learning (see the Methods section).

Objectives
The proposed study aims to assess the preliminary effectiveness
of an online intervention to promote PA by people with MS
(hereafter called an HAPA-MS intervention). We hypothesize
that the intervention group will demonstrate (1) higher scores
of HAPA components (see the Measures section) and (2) higher
frequency, duration, and intensity of PA engagement
immediately following the intervention and 6 months or longer
after the intervention than the control group.

Methods

The following sections provide details regarding the proposed
intervention protocol, sample size calculation and power
analysis, planned recruitment strategy, randomization, measures

to be used for assessment, and statistical analysis, as well as
adverse event and safety monitoring.

Ethical Considerations
This study was approved by the institutional review board (IRB)
for ethical and legal conduct of human subject research at the
University of Illinois Urbana-Champaign. The university IRB
approved the study (IRB24-0567) in expedited category 4
(collection of data through noninvasive procedures), category
6 (collection of data from voice, video, digital, or image
recordings made for research purposes), and category 7 (research
on individual or group characteristics or behavior or research
using survey, interview, oral history, focus group, program
evaluation, human factors evaluation, or quality assurance
methodologies) with minimal risk. We used the following
confidentiality precautions: (1) storing research data on
password-protected computers or in locked cabinets in the
principal investigator’s laboratory; (2) storing participant
identifiers separately from the coded, participant data; and (3)
for publishing, completely de-identifying the study data. There
is no identification of individual participants’ data in any of the
manuscript files. When a participant in the intervention group
completes the 8-week program, they will be compensated with
a US $220 gift card. When a participant in either the intervention
group or control group completes a survey and wears an
accelerometer for 7 days, they will be compensated with a US
$20 gift card.

Proposed Intervention
The intervention consists of an 8-week, online, self-regulation
program, including a weekly online discussion meeting on Zoom
led by peer coaches. The topics of the 8 weekly modules are as
follows: (1) Introduction to the program and testing online
functionalities and materials; (2) Increasing awareness of your
health and lifestyle; (3) Understanding the benefits of PA; (4)
Building motivation; (5) Harnessing social and environmental
support; (6) Creating a personalized plan for regular PA; (7)
Learning to regulate a new physically active lifestyle; and (8)
Sustaining progress and planning for long-term PA. Participants
will be given access to the university learning system (Canvas)
to view weekly educational modules, which provide information
regarding developing a physically healthy lifestyle. During the
last 4 weeks, participants will progress toward learning
maintenance of this newly developed physically active lifestyle.
Each module is about 15 minutes in length and has built-in
quizzes. The modules were developed during the first phase of
the study with a patient advisory board who was actively
involved in providing feedback and building the content. During
each week of the study, participants will watch a module video
and complete an assignment based on the topic of the week.
Once they have completed these 2 steps, they will join the online
discussion led by peer coaches with their group members. Each
intervention group will consist of about 3 to 5 members. To
familiarize participants with the online system, an onboarding
session will be conducted before the intervention begins. The
research team will provide online assistance throughout the 8
weeks to address any technical difficulties. Additionally, every
week, participants will be provided with resources curated,
evaluated, and approved by the patient advisory board and the
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research team concerning physically active lifestyle
recommendations and research.

Sample Size Calculation and Power Analysis
According to G*Power 3.1.9.7 [49], when we conducted a power
analysis of comparing 2 groups (ie, an intervention group and
a control group), an independent t test for estimating a sufficient
sample size with a 1-tail hypothesis, at a power of 0.80, an alpha
level of 0.05, and a medium-large effect size (d=0.65-0.70),
each group will need to include 26 to 30 participants. The
estimated total sample size is 52 to 60 participants. The effect
size of 0.65 to 0.70 is based on the large effect sizes (d>0.70)
of previous internet-based intervention studies [30-35]. When
a condition (intervention vs control) is a between-subjects factor
and time is a within-subjects factor, a power analysis of a
repeated measures within-between interaction (eg, 2 conditions
× 3 times) at a power of 0.80, an α level of 0.05, a medium-large
effect size (f=0.25-0.40), and estimated 8 measures, each group
will need to include 8 to 16 participants. The effect size of 0.25

to 0.40 is based on the large effect sizes (ηp2>0.14) of previous

internet-based intervention studies [30-35]. Therefore, the total
sample size of 60 (30 for the intervention group, 30 for the
control group) participants is sufficient for the proposed study.
In addition, using a wait-list group as a control group is
recommended for developmental trials [50].

Recruitment and Participant Selection
Recruitment will be conducted using a purposive sampling
method within the United States by publishing this trial on the
National Multiple Sclerosis Society website. Once participants
sign up using the sign-up sheet, or by calling or emailing the
research team, the team will conduct a short telephonic
interview, which involves screening the participants based on
the inclusion criteria (see Textbox 1). Once participants are
recruited, they will be asked to fill out the baseline survey and
wear an accelerometer for 7 days. The baseline assessment
materials will be sent to the participant via physical mail, with
a prepaid postage packet provided to send the device back to
the research lab. We will recruit 60 participants with any type
of MS who satisfy the inclusion criteria (see Textbox 1).

Textbox 1. Inclusion and exclusion criteria for participant enrollment into the trial.

Inclusion criteria

• ≥18 years old and

• Any type of multiple sclerosis

• Not maintained 30 minutes of moderate-to-vigorous physical activity (PA) per day for 2 days of the week during the previous 6 months

• Relapse-free for the past 30 days

• Have a low risk of contraindications of PA indicated by no more than a single “yes” response on the Physical Activity Readiness Questionnaire
(PAR-Q) [51]

• Able to walk with or without an assistive device (ie, Patient-Determined Disease Steps [PDDS] score from 0 to 6) [52]

• Be willing to be randomized to an intervention or control group, complete the surveys and questionnaires, and wear an accelerometer during the
intervention period

• Have reliable internet access

Exclusion criteria

• Godin Leisure-Time Exercise Questionnaire (GLTEQ) score >14 [53]

• No computer nor mobile device access to the internet

• PDDS score=7 (ie, using a wheelchair or scooter most of the time) or PDDS score=8 (being bedridden)

• Anyone living outside of the United States

• Anyone who is unable to speak, read, and write in English

• Not willing to be randomized to an intervention or control group, complete the surveys and questionnaires, and wear an accelerometer during
the intervention period

• No access to reliable internet

Randomization
Research assistants enroll participants prior to randomization.
The research team, including the principal investigator and a
research assistant, will conduct matched, paired randomization
based on Patient-Determined Disease Steps (PDDS) scores.
Randomization will be conducted by flipping a coin until there

are no significant differences in PDDS, Godin Leisure-Time
Exercise Questionnaire (GLTEQ), age, education levels, income,
and gender. To assign qualified participants in a timely manner,
we will randomize every 8 to 10 participants into the
intervention or wait-list control group (Figure 1). Participants
will be notified regarding their allocation via email and phone
call.
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Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram for the health action process approach-multiple sclerosis (HAPA-MS)
randomized controlled trial.

Data Collection
Study assessments will be conducted at baseline,
postintervention (ie, after the 8-week intervention), 3 months
postintervention, 6 months postintervention, and an optional

follow-up at 12 months postintervention (Figure 2). Throughout
the testing phase, participants will be provided with prepaid
posting labels and packages for easy access and hassle-free
delivery of study material.
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Figure 2. A flow diagram of data collection time points for the health action process approach-multiple sclerosis (HAPA-MS) randomized controlled
trial.

Baseline Demographics
During the screening process, basic demographic information
will be collected, including age, gender, sex, ethnicity, level of
education, income, and employment status. We will also collect
additional information, including the type of MS, MS diagnostic
tests, MS diagnosis year, and availability of PA-related resources
around the individual. We will use this information to further
enhance our knowledge regarding factors that may be related
to supporting a physically active lifestyle.

PA Measures
ActiGraph (wGT3X-BT; ActiGraph LLC) accelerometers will
be used to collect PA data during the data collection time points.
Participants will be asked to wear the accelerometer around
their waist on the nondominant side for 7 days and complete
the accelerometer log sheet, including time stamps of wear time.
ActiGraph accelerometers were deemed fit for collecting step
count data. One study has shown that ActiGraph accelerometers
accurately measure steps during moderate and fast walking
speeds by both people with MS and control groups. Motl et al
[54] indicated a slight underestimation of step count during
slow-paced walking using an accelerometer with both people
with MS and control groups. Given this, this study will
encourage the intervention group participants to keep an optional
PA log from the start of the intervention until the end of the
study. The log includes recording information on the type,
duration, frequency, and intensity of activities performed
throughout the day.

Questionnaire Measures
The study will use the questionnaires and measures described
in the following paragraphs to collect data regarding components
of HAPA, PA, functionality, pain, fatigue, anxiety, and
depression.

The Abbreviated Late Life Function and Disability Inventory
has 2 subscales: function and disability. It has 15 items about
the difficulty and frequency of performing physical activities
rated on a 5-point Likert scale. Cronbach α values are 0.58 to
0.85 [55].

The McGill Pain Questionnaire has a 15-item adjective checklist
that captures sensory and affective dimensions of pain
experienced during the past 4 weeks. The items are rated on a
4-point scale [56]. Its Cronbach α value is 0.88 [57].

The Fatigue Scale for Motor and Cognitive Functions has 20
items (10 for cognitive and 10 for physical fatigue) rated on a
5-point scale. Its Cronbach α values are 0.91 to 0.95. Cutoff
values are available to classify patients as mildly, moderately,
or severely fatigued [58].

The Hospital Anxiety and Depression Scale has 14 items (7 for
anxiety and 7 for depression) rated on a 4-point scale. The
depression (r=0.70, P<.001) and anxiety (r=0.74, P<.001)
subscales are correlated with psychiatric ratings [59]. Cronbach
α values are 0.82 to 0.83 [57].

The HAPA battery of risk perception includes the subscales of
Disease Threatening, Exam Result Threatening, Risk to Self,
Risk to Others, Relative Vulnerability, and Perceived Severity.
Each of these subscales has 10 to 13 items based on secondary
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health conditions in people with MS that are rated on a 7-point
scale. Cronbach α values are 0.92 to 0.94 [37]. The HAPA
battery of exercise benefits includes the subscales of Exercise
Influence on Health Problems (13 items) and Outcome
Expectancy (14 items). Cronbach α values are 0.79 to 0.93 [37].
The HAPA battery of motivation includes the subscales of
Intention to Do PA (8 items) and Motivational Self-Efficacy (3
items). Cronbach α values are 0.90 and 0.85, respectively [37].
The Cognitive and Behavioral Process of Change Scale has 30
items (15 for the cognitive subscale and 15 for the behavioral
subscale) rated on a 5-point scale. Cronbach α values are 0.67
to 0.86 [60]. The Exercise Goal Setting and Planning Scale has
20 items (10 for the goal setting subscale and 10 for the planning
subscale) rated on a 5-point scale. Cronbach α values are 0.89
and 0.87, respectively [61]. The Barriers to Health Promotion
Activities Scale has 18 items rated on a 4-point scale. Its
Cronbach α value is 0.82 [62]. The PA-specific Social
Provisions Scale has 24 items rated on a 4-point scale. Its
Cronbach α value is 0.89 [57,63]. The Physical Activity
Self-Regulation Scale has 12 items rated on a 5-point scale.
Cronbach α values are 0.79 to 0.94 [64]. The HAPA battery of
PA volition includes the subscales of PA Action Planning (5
items), PA Coping Planning (4 items), Recovery Self-Efficacy
(3 items), and Coping Self-Efficacy (13 items) rated on a 4-point
scale. Cronbach α values are 0.91 to 0.97 [37].

PA and sedentary behavior will also be assessed using
patient-reported scales, that is, the Physical Activity Scale for
Individuals with Physical Disabilities (PASIPD) [65] and
GLTEQ. Cronbach α values for the PASIPD are 0.37 to 0.65
and for the GLTEQ are 0.46 to 0.94 [65-67].

Statistical Analysis
Research assistants will monitor survey completion and
accelerometer data sufficiency. When participants return their
survey and accelerometers, research assistants will check
whether the participants have not responded to the entire survey.
If there are missing responses, research assistants will email or
call the participants to encourage them to respond to the missing
items. The participants will be reminded twice, once each at 2
and 4 weeks, after they return the survey. If their accelerometers
do not record valid data, research assistants will contact the
participants and ask if they are willing to wear it for 7 days.
After those attempts, when we curate the data, we will code
missing data as 999.

Our analytic approach will use an intention-to-treat framework,
and mixed models will yield unbiased results if the data are
“missing at random” [68]. Additional sensitivity analyses will
be performed to test for informative dropouts [68]. We will
apply pattern-mixture models by stratifying our data by dropout
patterns and fitting separate regression models to strata [68].
SPSS 26 (IBM Corp) will be used to conduct descriptive
analyses (means, standard deviations), chi-squared tests,
independent t tests, paired t tests, repeated measures ANOVAs,
and 2-way (any 2 factors of conditions, disability severity levels,
and time) and 3-way (conditions × disability severity levels ×
time) mixed model ANOVAs. Conditions and disability severity
levels are between-subjects factors. Time is a within-subjects
factor. We will use 2-way and 3-way ANOVAs to compare

measured variables of the intervention and control groups. The
significance level is set at .05. We will examine effect sizes of
partial ηp2 (0.01, 0.06, and 0.14 as small, moderate, and large
effect sizes, respectively) and Cohen d (0.20, 0.50, and 0.80 as
small, moderate, and large effect sizes, respectively) [69]. We
hypothesize that the intervention group will have stronger
motivation and self-regulation, more PA, and better health
conditions than the control group.

Adverse Event and Safety Monitoring
Regarding safety monitoring, the Physical Activity Readiness
Questionnaire [51] will be used as a measure to check for any
comorbidities or doctors’ suggestions for PA. If an individual
answers more than one “yes” on this questionnaire, they will
not be recruited. If they answer with one “yes,” we ask them to
consult their doctor about whether it is fine for them to join the
study. We periodically ask participants about their regular MS
testing and infusion schedules to avoid fatigue or inconvenience.
Participants are also encouraged to keep a note of exacerbations
or flare-ups. The IRB recognizes this clinical trial as “minimal
risk.” For data safety and monitoring, deidentified data will be
stored in a secured database (a HIPAA-compliant Box folder
only accessible to IRB-approved team members). The research
team will conduct routine checks on saved data.

Results

The study was funded in April 2018. We conducted peer coach
selection interviews from July 2018 through October 2018. Peer
coaches codeveloped and evaluated each module of the online
program from November 2018 through January 2020. We
iteratively revised the modules based on the peer coaches’
feedback. During the pandemic, participants preferred to
discontinue the study. The modules also had to be migrated
from the Moodle system to a new online learning system,
Canvas, in 2022 due to changes in the university’s online
learning system.

We invited peer coaches to review the accessibility of online
modules in fall 2022. We finalized the module accessibility and
trained peer coaches on how to use the online modules in
December 2022. Since February 2023, we have recruited 50
participants to the trial who have been assigned to the
intervention group (n=25) or control group (n=25). During the
follow-up stage, 3 participants dropped out of the intervention
group, and 4 participants dropped out of the control group.
Enrollment ended in 2024, and data collection is expected to
conclude by December 2025, with results anticipated to be
published in January 2026.

Discussion

Overview
This protocol outlines an RCT to assess the preliminary
effectiveness of an online program designed to promote a
physically active lifestyle among individuals with MS, utilizing
a community-based participatory approach [70]. We expect that
the intervention group will be more physically active, especially
6 months after graduating from the program, and will have more
phase-specific self-efficacy than the control group. Compared
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with prior work applying SCT [20,30-35], we used a hybrid
framework, HAPA, which provides a comprehensive approach
considering an individual’s cognitive processing (ie, different
phase-specific self-efficacy), behavior implementation (ie, action
and coping planning), and living circumstances (ie, barriers,
facilitators, or supportive resources). Peer coaches will lead
discussions regarding where and how to gain motivation, what
and how to practice self-selected PA and self-set goals each
week, and how to cope with barriers and find countable
resources to gradually adopt a physically active lifestyle over
the program period week by week. We expect that PA logs from
the intervention group will show their individualized PA profiles
regarding activity types, frequency, and duration.

Additionally, we will evaluate the program’s capacity to sustain
these new lifestyle changes over an extended period, specifically
beyond 3 months. To our knowledge, this is one of a few studies
implementing a flipped classroom intervention customized to
the unique needs and preferences of adults with MS. The
adoption of a flipped classroom design, along with peer coaches,
not only fosters deep learning experiences but also amplifies
interaction and facilitates vicarious learning from the
experiences and knowledge of others [71]. This approach
empowers participants to take an active role in their learning
journey, promoting self-directed and autonomous learning.
Additionally, it significantly enhances motivation, thereby
cultivating an individual’s interest and capacity for
self-regulation. A hybrid theoretical model rooted in
evidence-based principles was used to construct the program’s
structure and modules. These foundations have been drawn
from the research team’s prior research endeavors [36,37,41].
Of equal significance, we have effectively translated these
theoretical components into each intervention module,
considering the perspectives of individuals living with MS.
Using an iterative process to revise each module and
collaborating closely with peer coaches helped us ensure that
the intervention effectively addresses the specific needs and
requirements of the target community. This iterative
methodology proved invaluable in our collaboration with
community researchers [72]. They provided us with crucial,
patient-centered feedback, enabling us to enhance the content
of the 8-week modules. It is important to recognize that this
process is far from a mechanical repetition; rather, it embodies
a deep reflective approach that aids in the development of
information tailored to the unique needs of individuals living
with MS. Furthermore, our adoption of community-based
participatory research not only facilitates the seamless
implementation of the program within the community but also
enhances its overall applicability. Peer coaches play a vital role
in enhancing multiple phases of self-efficacy among members

of the intervention group [39,44]. They serve as role models
for participants, showcasing a range of successful experiences
in sustaining a PA routine while also delivering positive and
empathetic feedback to their fellow participants. These actions
constitute the primary mechanisms for bolstering an individual’s
self-efficacy [39,44]. Moreover, the peer coach’s wealth of
experience and expertise in this context is instrumental for
fostering connections and personalizing the program further.
The practices embedded within the weekly modules will
facilitate participants in discovering physical activities that are
both feasible and enjoyable, paving the way for the development
of a sustainable lifestyle. Research has consistently emphasized
the significance of finding enjoyment in sustaining a long-term
active lifestyle [73]. Finally, we intend to implement the
program using a telerehabilitation method. Considering that a
substantial number of people with MS have already used the
internet and mobile devices to access health information and
resources [24], this online approach holds the promise of being
a more effective and valid means to enhance the health and
well-being of people with MS.

Although the HAPA-MS program promises much, we are aware
of some limitations. For example, when we intend to recruit
people with mild to severe mobility disabilities, future studies
should aim to build websites that are more accessibility friendly,
particularly for people with functional limitations in dexterity
and deafness. Wearing the current type of accelerometer may
not be as convenient as a smartwatch with an accelerometer
feature. This will reduce compliance with the accelerometer
wearing protocol. Although we designed a comprehensive
survey composed of the HAPA components and other
psychosocial factors, the survey will take about an hour to
complete. It may increase the challenges with managing missing
responses, especially during the follow-ups. Moreover, future
studies should consider random sampling rather than
convenience and purposive sampling, enhancing the robustness
of the trial.

Conclusion
In addition to the advancement of scientific literature on health
promotion, the results of the proposed RCT could have a
significant impact on activity and lifestyle recommendations
for people with MS. Our study will determine the preliminary
effectiveness of using a HAPA-based online intervention to
promote an active lifestyle by people with MS. Ultimately, this
approach can contribute significantly to the self-regulation of
PA behavior over the long term and has the potential for
widespread acceptance among many other individuals living
with MS.

Acknowledgments
We would like to acknowledge staff and research assistants along with community research members who supported the program
development and implementation. We are grateful to our peer coaches leading the intervention groups: Enid Castora, Veronica
Lewis, Leslie Newman, and Glenn Wright. We also thank Dr. Brynn Adamson for providing us with online Zumba videos.

This study is funded by the National Multiple Sclerosis Society (#RG-1706-27718).

JMIR Res Protoc 2025 | vol. 14 | e66091 | p. 8https://www.researchprotocols.org/2025/1/e66091
(page number not for citation purposes)

Chiu et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Data Availability
The data sets generated or analyzed during this study are available from the corresponding author on reasonable request.

Conflicts of Interest
None declared.

Multimedia Appendix 1
SPIRIT checklist.
[DOC File , 123 KB-Multimedia Appendix 1]

References

1. Baum HM, Rothschild B. The incidence and prevalence of reported multiple sclerosis. Ann Neurol. Nov 1981;10(5):420-428.
[FREE Full text] [doi: 10.1002/ana.410100504] [Medline: 6975596]

2. Wallin M, Culpepper W, Campbell J, Nelson L, Langer-Gould A, Marrie R, et al. The prevalence of MS in the United
States. Neurology. Mar 05, 2019;92(10):a. [FREE Full text] [doi: 10.1212/wnl.0000000000007035]

3. Kamel F. Factors involved in relapse of multiple sclerosis. J Microsc Ultrastruct. 2019;7(3):103. [doi:
10.4103/jmau.jmau_59_18]

4. Fleming JO, Carrithers MD. Diagnosis and management of multiple sclerosis. Neurology. Mar 16, 2010;74(11):876-877.
[doi: 10.1212/wnl.0b013e3181d561c8]

5. Who Gets Multiple Sclerosis? National Multiple Sclerosis Society. URL: https://www.nationalmssociety.org/
understanding-ms/what-is-ms/who-gets-ms [accessed 2025-06-05]

6. Marrie RA, Hanwell H. General health issues in multiple sclerosis. CONTINUUM: Lifelong Learning in Neurology.
2013;19:1046-1057. [doi: 10.1212/01.con.0000433284.07844.6b]

7. 2008 physical activity guidelines for Americans. US Department of Health and Human Services. 2008. URL: https://odphp.
health.gov/sites/default/files/2019-09/paguide.pdf [accessed 2025-06-05]

8. White LJ, Dressendorfer RH. Exercise and multiple sclerosis. Sports Med. 2004;34(15):1077-1100. [doi:
10.2165/00007256-200434150-00005] [Medline: 15575796]

9. Edwards T, Pilutti L. The effect of exercise training in adults with multiple sclerosis with severe mobility disability: A
systematic review and future research directions. Mult Scler Relat Disord. Aug 2017;16:31-39. [FREE Full text] [doi:
10.1016/j.msard.2017.06.003] [Medline: 28755682]

10. Naci H, Fleurence R, Birt J, Duhig A. Economic burden of multiple sclerosis: a systematic review of the literature.
Pharmacoeconomics. 2010;28(5):363-379. [FREE Full text] [doi: 10.2165/11532230-000000000-00000] [Medline: 20402540]

11. Motl RW. Physical activity and its measurement and determinants in multiple sclerosis. Minerva Med. Apr
2008;99(2):157-165. [Medline: 18431324]

12. Motl RW, McAuley E, Snook E. Physical activity and multiple sclerosis: a meta-analysis. Mult Scler. Aug
2005;11(4):459-463. [FREE Full text] [doi: 10.1191/1352458505ms1188oa] [Medline: 16042230]

13. Snook EM, Motl R. Effect of exercise training on walking mobility in multiple sclerosis: a meta-analysis. Neurorehabil
Neural Repair. Feb 2009;23(2):108-116. [FREE Full text] [doi: 10.1177/1545968308320641] [Medline: 18948413]

14. Motl RW, Gosney J. Effect of exercise training on quality of life in multiple sclerosis: a meta-analysis. Mult Scler. Jan
2008;14(1):129-135. [FREE Full text] [doi: 10.1177/1352458507080464] [Medline: 17881388]

15. Motl RW, Pilutti L. The benefits of exercise training in multiple sclerosis. Nat Rev Neurol. Sep 2012;8(9):487-497. [FREE
Full text] [doi: 10.1038/nrneurol.2012.136] [Medline: 22825702]

16. Latimer-Cheung AE, Martin Ginis KA, Hicks A, Motl R, Pilutti L, Duggan M, et al. Development of evidence-informed
physical activity guidelines for adults with multiple sclerosis. Arch Phys Med Rehabil. Sep 2013;94(9):1829-1836.e7.
[FREE Full text] [doi: 10.1016/j.apmr.2013.05.015] [Medline: 23770262]

17. Klaren RE, Motl R, Dlugonski D, Sandroff B, Pilutti L. Objectively quantified physical activity in persons with multiple
sclerosis. Arch Phys Med Rehabil. Dec 2013;94(12):2342-2348. [FREE Full text] [doi: 10.1016/j.apmr.2013.07.011]
[Medline: 23906692]

18. Garber CE, Blissmer B, Deschenes M, Franklin B, Lamonte M, Lee I, et al. American College of Sports Medicine. American
College of Sports Medicine position stand. Quantity and quality of exercise for developing and maintaining cardiorespiratory,
musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for prescribing exercise. Med Sci Sports
Exerc. Jul 2011;43(7):1334-1359. [FREE Full text] [doi: 10.1249/MSS.0b013e318213fefb] [Medline: 21694556]

19. Chiu C, Bishop M, Pionke J, Strauser D, Santens R. Barriers to the accessibility and continuity of health-care services in
people with multiple sclerosis: a literature review. Int J MS Care. 2017;19(6):313-321. [FREE Full text] [doi:
10.7224/1537-2073.2016-016] [Medline: 29270089]

20. Khan F, Amatya B, Kesselring J, Galea M. Telerehabilitation for persons with multiple sclerosis. Cochrane Database Syst
Rev. Apr 09, 2015;2015(4):CD010508. [FREE Full text] [doi: 10.1002/14651858.CD010508.pub2] [Medline: 25854331]

JMIR Res Protoc 2025 | vol. 14 | e66091 | p. 9https://www.researchprotocols.org/2025/1/e66091
(page number not for citation purposes)

Chiu et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v14i1e66091_app1.doc&filename=3c641e61043ef5832727323fa5b4614f.doc
https://jmir.org/api/download?alt_name=resprot_v14i1e66091_app1.doc&filename=3c641e61043ef5832727323fa5b4614f.doc
https://doi.org/10.1002/ana.410100504
http://dx.doi.org/10.1002/ana.410100504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6975596&dopt=Abstract
https://doi.org/10.1212/WNL.0000000000007035
http://dx.doi.org/10.1212/wnl.0000000000007035
http://dx.doi.org/10.4103/jmau.jmau_59_18
http://dx.doi.org/10.1212/wnl.0b013e3181d561c8
https://www.nationalmssociety.org/understanding-ms/what-is-ms/who-gets-ms
https://www.nationalmssociety.org/understanding-ms/what-is-ms/who-gets-ms
http://dx.doi.org/10.1212/01.con.0000433284.07844.6b
https://odphp.health.gov/sites/default/files/2019-09/paguide.pdf
https://odphp.health.gov/sites/default/files/2019-09/paguide.pdf
http://dx.doi.org/10.2165/00007256-200434150-00005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15575796&dopt=Abstract
https://doi.org/10.1016/j.msard.2017.06.003
http://dx.doi.org/10.1016/j.msard.2017.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28755682&dopt=Abstract
https://doi.org/10.2165/11532230-000000000-00000
http://dx.doi.org/10.2165/11532230-000000000-00000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20402540&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18431324&dopt=Abstract
https://doi.org/10.1191/1352458505ms1188oa
http://dx.doi.org/10.1191/1352458505ms1188oa
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16042230&dopt=Abstract
https://doi.org/10.1177/1545968308320641
http://dx.doi.org/10.1177/1545968308320641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18948413&dopt=Abstract
https://doi.org/10.1177/1352458507080464
http://dx.doi.org/10.1177/1352458507080464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17881388&dopt=Abstract
https://doi.org/10.1038/nrneurol.2012.136
https://doi.org/10.1038/nrneurol.2012.136
http://dx.doi.org/10.1038/nrneurol.2012.136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22825702&dopt=Abstract
https://doi.org/10.1016/j.apmr.2013.05.015
http://dx.doi.org/10.1016/j.apmr.2013.05.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23770262&dopt=Abstract
https://doi.org/10.1016/j.apmr.2013.07.011
http://dx.doi.org/10.1016/j.apmr.2013.07.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23906692&dopt=Abstract
https://doi.org/10.1249/mss.0b013e318213fefb
http://dx.doi.org/10.1249/MSS.0b013e318213fefb
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21694556&dopt=Abstract
https://europepmc.org/abstract/MED/29270089
http://dx.doi.org/10.7224/1537-2073.2016-016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29270089&dopt=Abstract
https://europepmc.org/abstract/MED/25854331
http://dx.doi.org/10.1002/14651858.CD010508.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25854331&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Hailey D, Roine R, Ohinmaa A, Dennett L. Evidence of benefit from telerehabilitation in routine care: a systematic review.
J Telemed Telecare. 2011;17(6):281-287. [FREE Full text] [doi: 10.1258/jtt.2011.101208] [Medline: 21844172]

22. Steel K, Cox D, Garry H. Therapeutic videoconferencing interventions for the treatment of long-term conditions. J Telemed
Telecare. 2011;17(3):109-117. [FREE Full text] [doi: 10.1258/jtt.2010.100318] [Medline: 21339304]

23. Li V, Roos I, Monif M, Malpas C, Roberts S, Marriott M, et al. Impact of telehealth on health care in a multiple sclerosis
outpatient clinic during the COVID-19 pandemic. Mult Scler Relat Disord. Jul 2022;63:103913. [FREE Full text] [doi:
10.1016/j.msard.2022.103913] [Medline: 35661564]

24. Kantor D, Bright J, Burtchell J. Perspectives from the patient and the healthcare professional in multiple sclerosis: social
media and participatory medicine. Neurol Ther. Jun 2018;7(1):37-49. [FREE Full text] [doi: 10.1007/s40120-017-0088-2]
[Medline: 29222700]

25. Wardell L, Hum S, Laizner A, Lapierre Y. Multiple sclerosis patients' interest in and likelihood of using online health-care
services. International Journal of MS Care. 2009;11(2):79-89. [FREE Full text] [doi: 10.7224/1537-2073-11.2.79]

26. Tulloch H, Reida R, D'Angeloa M, Plotnikoff R, Morrina L, Beatona L, et al. Predicting short and long-term exercise
intentions and behaviour in patients with coronary artery disease: a test of protection motivation theory. Psychol Health.
Mar 2009;24(3):255-269. [FREE Full text] [doi: 10.1080/08870440701805390] [Medline: 20204992]

27. Hagger MS, Weed M. DEBATE: Do interventions based on behavioral theory work in the real world? Int J Behav Nutr
Phys Act. Apr 25, 2019;16(1):36. [FREE Full text] [doi: 10.1186/s12966-019-0795-4] [Medline: 31023328]

28. De Silva MJ, Breuer E, Lee L, Asher L, Chowdhary N, Lund C, et al. Theory of change: a theory-driven approach to enhance
the Medical Research Council's framework for complex interventions. Trials. Jul 05, 2014;15:267. [FREE Full text] [doi:
10.1186/1745-6215-15-267] [Medline: 24996765]

29. Conner M, Norman P. Predicting and changing health behaviour: A social cognition approach. In: Conner M, editor.
Predicting and changing health behaviour: Research and practice with social cognition models May 16. Columbus, OH.
McGraw-Hill Education; 2015:1-29.

30. Motl RW, Dlugonski D, Wójcicki TR, McAuley E, Mohr D. Internet intervention for increasing physical activity in persons
with multiple sclerosis. Mult Scler. Jan 2011;17(1):116-128. [FREE Full text] [doi: 10.1177/1352458510383148] [Medline:
20921239]

31. Dlugonski D, Motl R, Mohr D, Sandroff B. Internet-delivered behavioral intervention to increase physical activity in persons
with multiple sclerosis: sustainability and secondary outcomes. Psychol Health Med. 2012;17(6):636-651. [FREE Full text]
[doi: 10.1080/13548506.2011.652640] [Medline: 22313192]

32. Dlugonski D, Motl RW, McAuley E. Increasing physical activity in multiple sclerosis: replicating internet intervention
effects using objective and self-report outcomes. J Rehabil Res Dev. 2011;48(9):1129-1136. [doi: 10.1682/jrrd.2010.09.0192]
[Medline: 22234717]

33. Sandroff BM, Klaren R, Pilutti L, Dlugonski D, Benedict R, Motl R. Randomized controlled trial of physical activity,
cognition, and walking in multiple sclerosis. J Neurol. Feb 2014;261(2):363-372. [FREE Full text] [doi:
10.1007/s00415-013-7204-8] [Medline: 24323244]

34. Pilutti LA, Dlugonski D, Sandroff B, Klaren R, Motl R. Randomized controlled trial of a behavioral intervention targeting
symptoms and physical activity in multiple sclerosis. Mult Scler. Apr 2014;20(5):594-601. [FREE Full text] [doi:
10.1177/1352458513503391] [Medline: 24009162]

35. Pilutti LA, Dlugonski D, Sandroff B, Klaren R, Motl R. Internet-delivered lifestyle physical activity intervention improves
body composition in multiple sclerosis: preliminary evidence from a randomized controlled trial. Arch Phys Med Rehabil.
Jul 2014;95(7):1283-1288. [FREE Full text] [doi: 10.1016/j.apmr.2014.03.015] [Medline: 24699237]

36. Chiu CY, Griffith D, Bezyak J, Motl R. Psychosocial factors influencing lifestyle physical activity engagement of African
Americans with multiple sclerosis: a qualitative study. Journal of Rehabilitation. 2016;82(2):1. [FREE Full text]

37. Chiu C-Y, Lynch RT, Chan F, Berven NL. The health action process approach as a motivational model for physical activity
self-management for people with multiple sclerosis: a path analysis. Rehabil Psychol. Aug 2011;56(3):171-181. [doi:
10.1037/a0024583] [Medline: 21767037]

38. Brown T. Strong medicine - prescribing exercise for people living with multiple sclerosis. US Neurology. 2008. URL:
https://touchneurology.com/wp-content/uploads/sites/3/2015/07/private_articles_8735_pdf_brown.pdf [accessed 2025-06-05]

39. Bandura A. Social cognitive theory of self-regulation. Organizational behavior and human decision processes.
1991;50(2):248-287. [FREE Full text] [doi: 10.1016/0749-5978(91)90022-L]

40. Yu M, Neate S, Nag N, Bevens W, Jelinek G, Simpson-Yap S, et al. Baseline engagement with healthy lifestyles and their
associations with health outcomes in people with multiple sclerosis enrolled in an online multimodal lifestyle course. Eur
J Neurol. Oct 11, 2024;31(10):e16429-e16461. [FREE Full text] [doi: 10.1111/ene.16429] [Medline: 39109838]

41. Chiu C, Fitzgerald S, Strand D, Muller V, Brooks J, Chan F. Motivational and volitional variables associated with stages
of change for exercise in multiple sclerosis. Rehabilitation Counseling Bulletin. Mar 28, 2012;56(1):23-33. [FREE Full
text] [doi: 10.1177/0034355212439898]

42. Schwarzer R, Lippke S, Luszczynska A. Mechanisms of health behavior change in persons with chronic illness or disability:
the health action process approach (HAPA). Rehabil Psychol. Aug 2011;56(3):161-170. [doi: 10.1037/a0024509] [Medline:
21767036]

JMIR Res Protoc 2025 | vol. 14 | e66091 | p. 10https://www.researchprotocols.org/2025/1/e66091
(page number not for citation purposes)

Chiu et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://doi.org/10.1258/jtt.2011.101208
http://dx.doi.org/10.1258/jtt.2011.101208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21844172&dopt=Abstract
https://doi.org/10.1258/jtt.2010.100318
http://dx.doi.org/10.1258/jtt.2010.100318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21339304&dopt=Abstract
https://europepmc.org/abstract/MED/35661564
http://dx.doi.org/10.1016/j.msard.2022.103913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35661564&dopt=Abstract
https://europepmc.org/abstract/MED/29222700
http://dx.doi.org/10.1007/s40120-017-0088-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29222700&dopt=Abstract
https://meridian.allenpress.com/ijmsc/article/11/2/79/173386/Multiple-Sclerosis-Patients-Interest-in-and
http://dx.doi.org/10.7224/1537-2073-11.2.79
https://doi.org/10.1080/08870440701805390
http://dx.doi.org/10.1080/08870440701805390
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20204992&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0795-4
http://dx.doi.org/10.1186/s12966-019-0795-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31023328&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-267
http://dx.doi.org/10.1186/1745-6215-15-267
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24996765&dopt=Abstract
https://doi.org/10.1177/1352458510383148
http://dx.doi.org/10.1177/1352458510383148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20921239&dopt=Abstract
https://doi.org/10.1080/13548506.2011.652640
http://dx.doi.org/10.1080/13548506.2011.652640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22313192&dopt=Abstract
http://dx.doi.org/10.1682/jrrd.2010.09.0192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22234717&dopt=Abstract
https://doi.org/10.1007/s00415-013-7204-8
http://dx.doi.org/10.1007/s00415-013-7204-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24323244&dopt=Abstract
https://doi.org/10.1177/1352458513503391
http://dx.doi.org/10.1177/1352458513503391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24009162&dopt=Abstract
https://doi.org/10.1016/j.apmr.2014.03.015
http://dx.doi.org/10.1016/j.apmr.2014.03.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24699237&dopt=Abstract
https://www.thefreelibrary.com/Psychosocial+factors+influencing+lifestyle+physical+activity...-a0459722855
http://dx.doi.org/10.1037/a0024583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21767037&dopt=Abstract
https://touchneurology.com/wp-content/uploads/sites/3/2015/07/private_articles_8735_pdf_brown.pdf
https://www.sciencedirect.com/science/article/pii/074959789190022L
http://dx.doi.org/10.1016/0749-5978(91)90022-L
https://doi.org/10.1177/0034355212440888
http://dx.doi.org/10.1111/ene.16429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39109838&dopt=Abstract
https://doi.org/10.1177/0034355212439898
https://doi.org/10.1177/0034355212439898
http://dx.doi.org/10.1177/0034355212439898
http://dx.doi.org/10.1037/a0024509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21767036&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


43. McAuley E, Blissmer B. Self-efficacy determinants and consequences of physical activity. Exerc Sport Sci Rev. Apr
2000;28(2):85-88. [Medline: 10902091]

44. Bandura A. Health promotion by social cognitive means. Health Educ Behav. Apr 2004;31(2):143-164. [FREE Full text]
[doi: 10.1177/1090198104263660] [Medline: 15090118]

45. Prochaska JO, Velicer W. The transtheoretical model of health behavior change. Am J Health Promot. 1997;12(1):38-48.
[FREE Full text] [doi: 10.4278/0890-1171-12.1.38] [Medline: 10170434]

46. Ajzen I. The theory of planned behavior. Organizational behavior and human decision processes. 1991;50(2):179-211.
[FREE Full text] [doi: 10.1016/0749-5978(91)90020-T]

47. Kalb R, Brown TR, Coote S, Costello K, Dalgas U, Garmon E, et al. Exercise and lifestyle physical activity recommendations
for people with multiple sclerosis throughout the disease course. Mult Scler. Oct 2020;26(12):1459-1469. [FREE Full text]
[doi: 10.1177/1352458520915629] [Medline: 32323606]

48. Norris SL, Chowdhury F, Van Le K, Horsley T, Brownstein J, Zhang X, et al. Effectiveness of community health workers
in the care of persons with diabetes. Diabet Med. May 2006;23(5):544-556. [FREE Full text] [doi:
10.1111/j.1464-5491.2006.01845.x] [Medline: 16681564]

49. Faul F, Erdfelder E, Lang A, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods. May 2007;39(2):175-191. [FREE Full text] [doi: 10.3758/bf03193146]
[Medline: 17695343]

50. Mohr DC, Spring B, Freedland K, Beckner V, Arean P, Hollon S, et al. The selection and design of control conditions for
randomized controlled trials of psychological interventions. Psychother Psychosom. 2009;78(5):275-284. [FREE Full text]
[doi: 10.1159/000228248] [Medline: 19602916]

51. Thomas S, Reading J, Shephard RJ. Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Can J Sport Sci.
Dec 1992;17(4):338-345. [Medline: 1330274]

52. Hohol MJ, Orav EJ, Weiner HL. Disease steps in multiple sclerosis: a longitudinal study comparing disease steps and EDSS
to evaluate disease progression. Mult Scler. Oct 1999;5(5):349-354. [doi: 10.1177/135245859900500508] [Medline:
10516779]

53. Godin G. The Godin-Shephard leisure-time physical activity questionnaire. The Health & Fitness Journal of Canada.
2011;4(1):18-22. [FREE Full text] [doi: 10.14288/hfjc.v4i1.82]

54. Motl RW, Snook E, Agiovlasitis S. Does an accelerometer accurately measure steps taken under controlled conditions in
adults with mild multiple sclerosis? Disabil Health J. Jan 2011;4(1):52-57. [FREE Full text] [doi: 10.1016/j.dhjo.2010.02.003]
[Medline: 21168808]

55. McAuley E, Konopack J, Motl R, Rosengren K, Morris K. Measuring disability and function in older women: psychometric
properties of the late-life function and disability instrument. The Journals of Gerontology Series A: Biological Sciences
and Medical Sciences. Jul 01, 2005;60(7):901-909. [FREE Full text] [doi: 10.1093/gerona/60.7.901] [Medline: 16079215]

56. Melzack R. The short-form McGill Pain Questionnaire. Pain. Aug 1987;30(2):191-197. [FREE Full text] [doi:
10.1016/0304-3959(87)91074-8] [Medline: 3670870]

57. Chiu C-Y, Motl R, Ditchman N. Validation of the Social Provisions Scale in people with multiple sclerosis. Rehabil Psychol.
Aug 2016;61(3):297-307. [FREE Full text] [doi: 10.1037/rep0000089] [Medline: 27088267]

58. Penner IK, Raselli C, Stöcklin M, Opwis K, Kappos L, Calabrese P. The Fatigue Scale for Motor and Cognitive Functions
(FSMC): validation of a new instrument to assess multiple sclerosis-related fatigue. Mult Scler. Dec 2009;15(12):1509-1517.
[FREE Full text] [doi: 10.1177/1352458509348519] [Medline: 19995840]

59. Zigmond AS, Snaith R. The hospital anxiety and depression scale. Acta Psychiatr Scand. Jun 1983;67(6):361-370. [FREE
Full text] [doi: 10.1111/j.1600-0447.1983.tb09716.x] [Medline: 6880820]

60. Nigg CR, Norman GJ, Rossi JS, Benisovich SV. Processes of exercise behavior change: redeveloping the scale. Annals of
behavioral medicine. Mar 1999;21(suppl):S079-S079. [FREE Full text]

61. Rovniak LS, Anderson E, Winett R, Stephens R. Social cognitive determinants of physical activity in young adults: A
prospective structural equation analysis. Ann Behav Med. May 2002;24(2):149-156. [FREE Full text] [doi:
10.1207/s15324796abm2402_12]

62. Becker H, Stuifbergen A, Sands D. Development of a scale to measure barriers to health promotion activities among persons
with disabilities. Am J Health Promot. 1991;5(6):449-454. [FREE Full text] [doi: 10.4278/0890-1171-5.6.449] [Medline:
10171668]

63. Cutrona C, Russell DW. The provisions of social relationships and adaptation to stress. In: Jones WH, Perlman D, editors.
Advances in personal relationships. Greenwich, CT. JAI Press; 1987:37-67.

64. McAuley E, Mullen S, Szabo A, White S, Wójcicki TR, Mailey E, et al. Self-regulatory processes and exercise adherence
in older adults: executive function and self-efficacy effects. Am J Prev Med. Sep 2011;41(3):284-290. [FREE Full text]
[doi: 10.1016/j.amepre.2011.04.014] [Medline: 21855742]

65. Washburn RA, Zhu W, McAuley E, Frogley M, Figoni S. The physical activity scale for individuals with physical disabilities:
development and evaluation. Arch Phys Med Rehabil. Feb 2002;83(2):193-200. [FREE Full text] [doi:
10.1053/apmr.2002.27467] [Medline: 11833022]

JMIR Res Protoc 2025 | vol. 14 | e66091 | p. 11https://www.researchprotocols.org/2025/1/e66091
(page number not for citation purposes)

Chiu et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10902091&dopt=Abstract
https://doi.org/10.1177/1090198104263660
http://dx.doi.org/10.1177/1090198104263660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15090118&dopt=Abstract
https://doi.org/10.4278/0890-1171-12.1.38
http://dx.doi.org/10.4278/0890-1171-12.1.38
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10170434&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/074959789190020T
http://dx.doi.org/10.1016/0749-5978(91)90020-T
https://journals.sagepub.com/doi/abs/10.1177/1352458520915629?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1352458520915629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32323606&dopt=Abstract
https://doi.org/10.1111/j.1464-5491.2006.01845.x
http://dx.doi.org/10.1111/j.1464-5491.2006.01845.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16681564&dopt=Abstract
https://doi.org/10.3758/BF03193146
http://dx.doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17695343&dopt=Abstract
https://doi.org/10.1159/000228248
http://dx.doi.org/10.1159/000228248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19602916&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1330274&dopt=Abstract
http://dx.doi.org/10.1177/135245859900500508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10516779&dopt=Abstract
https://hfjc.library.ubc.ca/index.php/HFJC/article/view/82
http://dx.doi.org/10.14288/hfjc.v4i1.82
https://doi.org/10.1016/j.dhjo.2010.02.003
http://dx.doi.org/10.1016/j.dhjo.2010.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21168808&dopt=Abstract
https://doi.org/10.1093/gerona/60.7.901
http://dx.doi.org/10.1093/gerona/60.7.901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16079215&dopt=Abstract
https://doi.org/10.1016/0304-3959(87)91074-8
http://dx.doi.org/10.1016/0304-3959(87)91074-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3670870&dopt=Abstract
https://europepmc.org/abstract/MED/27088267
http://dx.doi.org/10.1037/rep0000089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27088267&dopt=Abstract
https://doi.org/10.1177/1352458509348519
http://dx.doi.org/10.1177/1352458509348519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19995840&dopt=Abstract
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://dx.doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6880820&dopt=Abstract
https://boris.unibe.ch/198889/
https://doi.org/10.1207/S15324796ABM2402_12
http://dx.doi.org/10.1207/s15324796abm2402_12
https://doi.org/10.4278/0890-1171-5.6.449
http://dx.doi.org/10.4278/0890-1171-5.6.449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10171668&dopt=Abstract
https://europepmc.org/abstract/MED/21855742
http://dx.doi.org/10.1016/j.amepre.2011.04.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21855742&dopt=Abstract
https://doi.org/10.1053/apmr.2002.27467
http://dx.doi.org/10.1053/apmr.2002.27467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11833022&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


66. Godin G, Shephard RJ. A simple method to assess exercise behavior in the community. Can J Appl Sport Sci. Sep
1985;10(3):141-146. [Medline: 4053261]

67. Gosney JL, Scott J, Snook E, Motl R. Physical activity and multiple sclerosis: validity of self-report and objective measures.
Fam Community Health. 2007;30(2):144-150. [FREE Full text] [doi: 10.1097/01.fch.0000264411.20766.0c] [Medline:
19241650]

68. Chakraborty H, Gu H. A Mixed Model Approach for Intent-to-Treat Analysis in Longitudinal Clinical Trials with Missing
Values. Raleigh, North Carolina. RTI Press; 2009.

69. Cohen J. The concepts of power analysis. In: Statistical power analysis for the behavioral sciences. New York, NY.
Routledge; 1988:1-17.

70. Faridi Z, Grunbaum JA, Gray BS, Franks A, Simoes E. Community-based participatory research: necessary next steps.
Prev Chronic Dis. Jul 2007;4(3):A70. [FREE Full text] [Medline: 17572974]

71. Thai NTT, De Wever B, Valcke M. The impact of a flipped classroom design on learning performance in higher education:
looking for the best “blend” of lectures and guiding questions with feedback. Computers & Education. Apr 2017;107:113-126.
[FREE Full text] [doi: 10.1016/j.compedu.2017.01.003]

72. Kock NF, McQueen RJ, John LS. Can action research be made more rigorous in a positivist sense? The contribution of an
iterative approach. J of Systems and Info Tech. Mar 1997;1(1):1-23. [doi: 10.1108/13287269780000732]

73. Ekkekakis P, Brand R. Exercise motivation from a post-cognitivist perspective: Affective-Reflective Theory. In: Englert
C, Taylor I, editors. Motivation and self-regulation in sport and exercise. New York, NY. Routledge; 2021:20-40.

Abbreviations
GLTEQ: Godin Leisure-Time Exercise Questionnaire
HAPA: health action process approach
IRB: institutional review board
MS: multiple sclerosis
PA: physical activity
PASIPD: Physical Activity Scale for Individuals With Physical Disabilities
PDDS: Patient-Determined Disease Steps
RCT: randomized controlled trial
SCT: social cognitive theory

Edited by A Schwartz; The proposal for this study was externally peer-reviewed by the National Multiple Sclerosis Society (USA).
Submitted 05.12.24; accepted 14.05.25; published 17.07.25.

Please cite as:
Chiu C, Sridharan V, Khaliji M, Sajib MRUZ, Gao X, Zackowski K
Patient-Centered, Theory-Based, Online Intervention to Promote a Physically Active Lifestyle for People With Multiple Sclerosis:
Protocol for a Randomized Controlled Trial
JMIR Res Protoc 2025;14:e66091
URL: https://www.researchprotocols.org/2025/1/e66091
doi: 10.2196/66091
PMID: 40455827

©Chungyi Chiu, Vaishnavi Sridharan, Mojtaba Khaliji, Md Refat Uz Zaman Sajib, Xiaotian Gao, Kathleen Zackowski. Originally
published in JMIR Research Protocols (https://www.researchprotocols.org), 17.07.2025. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

JMIR Res Protoc 2025 | vol. 14 | e66091 | p. 12https://www.researchprotocols.org/2025/1/e66091
(page number not for citation purposes)

Chiu et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4053261&dopt=Abstract
https://www.jstor.org/stable/44954556
http://dx.doi.org/10.1097/01.fch.0000264411.20766.0c
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19241650&dopt=Abstract
https://europepmc.org/abstract/MED/17572974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17572974&dopt=Abstract
https://doi.org/10.1016/j.compedu.2017.01.003
http://dx.doi.org/10.1016/j.compedu.2017.01.003
http://dx.doi.org/10.1108/13287269780000732
https://www.researchprotocols.org/2025/1/e66091
http://dx.doi.org/10.2196/66091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40455827&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

