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Abstract

Background: The benefits of physical activity are well established in people with multiple sclerosis (MS); yet, most people
with MS are insufficiently active. Although many apps and devices are available to promote physical activity, these are not
connected to el ectronic health records (EHRS), making it difficult for health care providersto prescribe and monitor their patients
physical activity. The ExerciseRx platform is an innovative cloud-based, Health Insurance Portability and Accountability
Act—compliant software platform (app+provider dashboard) that was developed to bridge the gap between consumer activity
tracking devices, such as personal smartphones, and the EHR. The ExerciseRx app tracks a patient’s physical activity using their
existing personal smartphone and provides a personalized graded progression in step count goalsto increase step count gradually
and safely over time. The ExerciseRx app also trandates the activity datainto actionable metrics on a provider dashboard within
the EHR that the provider can use to make activity recommendations and monitor patients’ progress; they can also support patients
by providing semiautomated weekly feedback and encouragement in meeting physical activity goals.

Objective: This paper describes the protocol for arandomized controlled trial designed to understand whether the ExerciseRx
digital health platform improves physical activity, symptoms, and functioning in adults with MS relative to awaitlist, usual care
control.

Methods: Participants are ambulatory adults with MS (n=106) who engage in <150 minutes per week of moderate to vigorous
intense physical activity. Enrolled participants are assigned to use the ExerciseRx app for 12 weeks, versus awaitlist, usual care
control. Participants allocated to the intervention condition have access to the ExerciseRx app, and their providers have access
to the participants’ activity data via a provider dashboard, connected to the EHR. Participants allocated to usual care receive the
care they would normally obtain at the MS Center, including encouragement to participate in and increase physical activity as
tolerated from their clinical provider and a handout that describes the current physical activity recommendations for adults with
MS and links to local and web-based resources suitable for MS. The primary outcome is the change in average daily step count
throughout the 12-week intervention. Secondary outcomesinclude symptoms (fatigue intensity, painintensity, eep, and depressive
symptoms), patient-reported functional outcomes (physical functioning, fatigue interference, pain interference, falls, and social
participation), and qualitative analysis of participant and provider interviews on usability and acceptability of the ExerciseRx
platform.

Results: The study wasfunded in October 2023. Participant enrollment began in March 2024 and will continue through December
2025. Asof July 25, 2025, atotal of 85 participants have been enrolled in the trial. Data analysis and dissemination preparations
will begin in January 2026.
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Results of this trial will provide important new information on the efficacy of an innovative digital health
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Introduction

Physical activity promotion is one of the most effective
rehabilitation strategies for reducing multiple sclerosis (MS)
symptoms and restoring health and functioning. Physical activity
improves mobility, balance, fatigue, and depressive symptoms
in people with MS [1-4]. Emerging evidence indicates that
exercise also improves cognition, including attention, learning,
memory, and executive functioning [5]. In addition to its
importance in MS symptom management and overall health,
regular physical activity may have disease-modifying effects
[3,6]. Premorbid physical activity can predict disability
progression over 2 years in people with MS[7], and moderate
to vigorous levels of physical activity are associated with more
normalized gray matter, white matter, and hippocampal volumes
in peoplewithMS[8]. Furthermore, arecent randomized clinical
trial found that 24 weeks of progressive aerobic exerciseresulted
in lower MS relapse rates compared to waitlist controls[9].

Although physical activity is a stated priority for people with
MS [10,11], approximately 80% of adults with MS do not get
sufficient physical activity [12,13]. They are less active than
the general US population [14], which is also sedentary [15].
For example, in 22018 meta-analysis pooling 1355 adults with
MS from 10 studies, adults with MS took significantly fewer
steps per day relative to a nationally representative sample of
3752 adults [16]. Physical activity also decreases over time as
the disease progresses [17] and is low even in those with mild
disease or disability [12,14]. Barriers to exercise in this
population include the physical effects of MS (eg, mobility
impairment, imbalance, and weakness), common M S symptoms
(eg, fatigue, depression, and pain), and psychosocial factors
(eg, low exercise sef-efficacy) [3,18]. Although physical
activity is safe for people with MS[19], fears about its safety,
potential to exacerbate MS disease, or falls may also present
barriers [18]. The lack of community exercise facilities, the
costs of gym memberships or wearables, transportation, and
time restrictions are also barriers [18].

The National MS Society convened a panel of clinica and
scientific experts to develop consensus recommendations for
promoting exercise and lifestyle physical activity for people
with MS across disability levels. Their 2022 recommendations
included that: (1) health care providers (hereafter referred to as
“providers’) routinely assess and promote the benefits of and
engagement in exercise and physical activity for every patient
with MS; (2) providers encourage >150 minutes per week of
exercise or >150 minutes per week of lifestyle physical activity;
and (3) exercise and physical activity should be advanced

https://www.researchprotocols.org/2025/1/€72213

gradually, based on the individua’s preferences, abilities, and
safety [18]. The guidelines emphasize the essential role of
providersin promoting physical activity and encourage providers
to support patientswith strategiesthat increase physical activity,
such as self-monitoring, goal setting, and accountability [16,18].

Despite a 2012 expert consensus panel recommending that
providers incorporate physical activity promotion into
comprehensive MS care [20], most people with M S report that
their providers rarely discuss physical activity [10,21].
Importantly, adults with MS who met physical activity
guidelines reported having providers who promoted physical
activity, including through education and specific activity
prescriptions, pointing to the central role that providershavein
physical activity promotion [21,22]. Adults with MS prefer
obtaining activity promotion information directly from their
MS providers through patient-provider interactions. They are
less interested in passive methods, such as receiving print (eg,
handouts and pamphlets) or electronic information (eg, email
and web-based) from their providers, although they appreciate
having such information to supplement recall after the health
care visit [23]. People with MS want their providers to give
them up-to-date information about the benefits of activity and
clear recommendations tailored to their disease severity,
symptoms, and current activity level [10,22]. They also seek
behavioral strategies to help incorporate physical activity into
their daily lives, including goal-setting tools, accountability
measures, and activity trackers, particularly through mobile
technology [22,23]. They want these tools to be affordable,
convenient, and accessible [22,23].

Research indicates that MS providers also want to support
physical activity engagement in their patientswith MS[21,24].
Providers recognize the opportunity for patient-provider
interactions to discuss and promote physical activity [21,25].
They want clear protocols for prescribing physical activity,
including for providing brief advice, discussing the benefits of
physical activity, and assessing physical activity behavior
[21,25]. They also want toolsto help their patientsinitiate, track,
and sustain physical activity and ways to monitor and guide
activity [21].

The ExerciseRx app is an innovative cloud-based, Health
Insurance Portability and Accountability Act
(HIPAA)—compliant software platform that addressesthe current
gapsin physical activity support in clinical care. The ExerciseRx
app was developed at the University of Washington to bridge
the gap between consumer activity tracking devices, such as
personal smartphones, and the electronic health record (EHR),
thus making physical activity support possible in the clinical
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setting. Currently available apps and devices (eg, Fitbits) are
not connected to EHR systems, making it difficult for health
care providersto prescribe and monitor their patients’ physical
activity. In contrast, the ExerciseRx app translates summative
physical activity data collected by the patient’s existing personal
smart devices (Android or iOS phone or tablet) into actionable
metrics on aprovider dashboard within the EHR (Figures 1 and
2). Each patient is provided a personalized recommendation to
facilitate an increased step count gradually and safely over time.
Providers can also recommend physical activity tailored to

Figure 1. Overview of the ExerciseRx platform.
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patients ability levels and preferences. The platform
incorporates behavior change strategies, including motivational
feedback and nudges. Through its connection to the EHR, it
also fecilitates a feedback loop with the provider, fostering
caring patient-provider connections around activity promotion
and behavior change. The ExerciseRx app leverages patients
personal smartphone capabilities to track, quantify, and tailor
personalized physical activity recommendations, which makes
it readily scalable, accessible, and affordable across diverse
patient populations and clinical settings.
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Figure 2. The ExerciseRx app example screenshots.
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This paper describes the rationale, aims, and protocol for the
ExerciseRx-MS Trial, a randomized controlled trial designed
to answer whether the ExerciseRx platform improves physical
activity and other common symptoms and functional outcomes
in adults with MS who are insufficiently active. The first aim
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is to evaluate the efficacy of the ExerciseRx platform relative
to usua care in increasing physica activity, measured by
average daily step count (primary outcome), activity volume,
and the proportion who meet exercise guidelinesin adultswith
MS who are insufficiently active. We hypothesize that
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participants randomized to the ExerciseRx app group will show
agreater increasein physical activity at 12 weeks, as measured
by daily average step count (primary outcome) and by total
metabolic equivalent minutes of activity per week (secondary
outcome) relative to participants randomized to usual care. We
also hypothesize that a higher proportion of participantsin the
ExerciseRx app group will increase their minutes per week of
moderate to vigorous intensity aerobic activity at 12 weeks
(secondary outcome), relative to usual care participants.

The second aim is to evaluate the efficacy of the ExerciseRx
platform relative to usual care on secondary outcomes,
specifically symptoms (fatigue intensity, pain intensity, sleep,
and depressive symptoms) and patient-reported functional
outcomes (physical functioning, fatigue interference, pain
interference, falls, and social participation). We hypothesize
that participants in the ExerciseRx platform group will show
greater improvements in secondary outcomes at 12 weeks
relative to usual care participants. Additional secondary analyses
will test maintenance of any treatment effects at a 3-month
follow-up. We will also explore moderators of immediate
(post-12 weeks) and 3-month follow-up outcomes, including
demographics, disease course, and baseline participant factors
(including fatigue, pain, depression, activity level, BMI, exercise
self-efficacy, and disability) to explore potential moderators of
treatment effects that can be evaluated a priori in future
effectiveness and mechanistic research.
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We aso plan to evaluate implementation factors relevant to
future multicenter effectiveness tridls and large-scale
implementation of the ExerciseRx platformin MS centers (Aim
3). Both quantitative (usability ratings of ease of use, interface,
satisfaction, and useful ness, and the frequency and engagement
with the ExerciseRx app) and qualitative data collected from
both patients and providers will assess these implementation
outcomes.

Methods

Design

To address Aims 1 and 2, we are conducting a two-group
parallel (1:1) assessor-masked randomized controlled trial
designed to compare the ExerciseRx platform to usual care. We
will use qualitative research methodsto exploreimplementation
factors (Aim 3). Outcomes are being collected at baseline, post
a 12-week treatment period (primary end point), and at a
3-month follow-up after the treatment period. We selected a
3-month follow-up because it is feasible in a 3-year study and
sufficient time to see a change in activity behavior. We
preregistered thetrial at Clinical Trials.gov (NCT06270641) on
February 21, 2024, before enrolling the first participant. Figure
3 provides the study design and participant flow.

Figure 3. Overview of the ExerciseRx-M S study design. MS: multiple sclerosis; REDCap: Research Electronic Data Capture.
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Ethical Consider ations

All study procedures were approved by the University of
Washington Human Subjects Division (STUDY 00018628) on
August 30, 2023. Electronic informed consent is obtained from
all study volunteers at the time of enrollment; they areinformed
that they can opt out of participation at any time during the
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study. Some identifiers (eg, name, mailing address, ZIP code,
email address, phone numbers, and medical record number) are
collected for the trial. To protect identifiable participant data,
accessisrestricted to authorized study personnel who aretrained
in confidentiality and data security procedures. All electronic
dataare stored on secure, encrypted serverswith access controls.
| dentifiers are stored separately from research data, and all data

JMIR Res Protoc 2025 | vol. 14 | €72213 | p. 4
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

transfers use secure, encrypted methods. Participants will be
informed of confidentiality protections in the consent process,
and data will be securely destroyed when no longer needed.
Participants are compensated US $150 for completion of all
study assessments (US $50 for each of the three assessment
points).

Setting

Participants (n=106) are being recruited from the University of
Washington Medicine Multiple Sclerosis Center, a
comprehensive, interdisciplinary center that provides specialty
care (including neurology, rehabilitation medicine, and
psychology) for >3000 patients with MS per year. All clinic
patients are offered opportunities to participate in clinical
research through a coordinated research registry recruitment
effort that is a standard element of the clinic’s patient flow.

Recruitment, Enrollment Procedures, and Eligibility

Criteria

The primary recruitment sources are referrals from clinic
providers (physiatrists, neurologists, nurse practitioners, nurses,
and psychologists) and the research registry. The EHRs of
patients who are potentialy interested in and eligible for the
study are prescreened by aresearch coordinator to confirm MS
diagnosis[26,27]. The coordinator then meetswith the potential
participant by phoneto complete a standardized eligibility safety
screening to ascertain eligibility. Staff track the recruitment
outcomes for everyone who is screened, including reasons for
ineligibility or declination. Basic demographic and M S disease
characteristics (M S duration, course, and date of diagnosis) are
obtained for those considered eligible who decline to enroll;
this deidentified information will be used to compare them to
study participants to assess the sample's generalizability. All
consent procedures are viaREDCap (Research Electronic Data
Capture; Vanderbilt University), an open-source, secure,
HIPAA-compliant web-based platform for data capture
(including e-consent and outcome survey administration) [28].

Inclusion criteria are (1) provider-confirmed diagnosis of MS;
(2) 18 years of age or older; (3) Patient Determined Disease
Steps (PDDS) score <3, indicating the potential for some gait
disability athough typically ambulates without an assistive
device; [29-31] (4) insufficiently active, defined as <150 minutes
of moderate intensity physical activity per week per the US
National Physical Activity Guidelines, assessed using the
Physical Activity Vital Sign [26,27,32] during screening; and
(5) use of an iPhone with software version iOS14+ or an
Android phonewith version 5+. Exclusion criteriaare (1) recent
(past 4 weeks) or planned surgery during the study period which
may impact step counts; (2) MSrelapse within the last 30 days,
(3) plans during the study period which may impact a
participant’s daily access to Wi-Fi, which could interfere with
server uploads of mobile phone data; (4) >3 fallsin the past 6
months; and (5) contraindication to exercise.

During the safety screening, through questions adapted from
the Physical Activity Readiness Questionnaire[33], participants
are asked to report any recent history of chest pain during
exercise, loss of consciousness, health conditions worsened by
physical activity, and other contraindications to exercise.

https://www.researchprotocols.org/2025/1/€72213
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Participants are also asked if they have ahistory of osteoporosis.
If yes, the research coordinator obtains an electronically signed
HIPAA authorization from the potential participant for further
screening to be completed by a study investigator.

Randomization, Allocation Concealment, and M asking
Procedures

Block randomization, stratified by self-reported sex assigned
at birth, is done using a web-based treatment arm assignment
system with a 1:1 assignment after the one-week baseline. To
ensure concealed all ocation, an unmasked research coordinator
retrievesthe treatment assignment at the time of randomization
and informsthe participant of their assignment. The coordinator
also notifies the participant’s provider of their assignment to
the ExerciseRx app group so that they know to look for the
participant on the provider dashboard of the ExerciseRx
platform. The statistician is masked to treatment all ocation.

Participants directly enter their patient-reported outcomes data
into REDCap, the web-based data capture platform, which
minimizes concerns of staff biases interfering with data
collection. Participants are informed of equipoise and that the
study’s purposeisto determine whether the ExerciseRx platform
or usua care is more beneficial.

ExerciseRx Intervention

Overview

The ExerciseRx platform was devel oped through acollaboration
of investigators from the University of Washington Departments
of Computer Science and Engineering and Human Centered
Design and Engineering, and The Sports Institute at UW
Medicine. It was designed to bridge the gap between consumer
activity tracking devices, such as persona smartphones, and
providers EHRs, thus making recommending physical activity
possible aspart of routine patient care. The ExerciseRx platform
is a cloud-based, HIPAA-compliant, free digital platform that
trandlates clinically relevant activity data collected by the
patient’s existing personal smart devices (Android or iOS phone
or tablet) into actionable metrics on aprovider dashboard within
the Epic EHR.

The ExerciseRx platform intervention protocol involves the
following.

Baseline ExerciseRx Platform Onboarding Meeting With
Research Coordinator

After completion of informed consent and the baseline measures,
the research coordinator meets with the participant by Zoom
(Zoom Communications, Inc) to help them download the
ExerciseRx app to their smartphone. The coordinator then
teaches them how to use the ExerciseRx app and instructs them
to awayscarry their phone throughout the day. The coordinator
reviews the ExerciseRx app procedures with the participant so
that they know what to expect during the intervention period.
The coordinator also educates the patient on how their step
count, as tracked by the ExerciseRx app, is a key marker for
physical activity. The coordinator reviews the recommended
physical activity guidelines for adults with MS and resources
for increasing physical activity and emails them a copy.
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Baseline Step Count Period (1 Week)

Participants are asked to carry their phone throughout the day
for 1 week to evaluate their baseline step count with no app
interactions, notifications, or provider feedback during the
baseline recording period. The baseline step count is used to
calculate personalized step count goals.

Initial Personalized Daily Step Target

At the end of baseline, intervention participants receive a
notification from the ExerciseRx app providing them with a
personalized initial daily step target and weekly goal based on
their baseline.

Exercise Progression and App Features

The ExerciseRx app displays aweekly step count goal, as well
as daily step count targets (see Figure 2 for example). If
participants meet their daily step targets, they are on track to
meet their weekly step count goal. If 100% of the weekly goal
is met the week before, the weekly step count goal increases by
3%. If 75%-99% of the goal is met, there is a 2% increase in
their godl. If <75% of the weekly step count goal is met, there
is no change to the weekly step count goal. The minimum step
count is 1000 steps. The maximum goal in the ExerciseRx app
is 10K and will not advance beyond that number, but since the
step count is based on the patient’s baseline and progress, the
patient may not reach 10K steps during the study period, as it
isan individualized progression.

Participants use the app daily for 25 consecutive weeks after
the baseline week. Weekly, participants complete an in-app
survey of their individual barriers or facilitators to activity.
During this period, the app displays daily step count targets,
weekly step count goas, weekly summaries, a weekly
assessment of barriers or facilitators to activity, semiweekly
“Did you know” general and MS-specific messages such as
“Exercise is medicine—increasing movement isagreat way to
better manage M Sfatigue and may even reducerisk of relapse!”
and provider automated feedback on activity progress (eg,
thumbs-up reactions, weekly summaries, supportive messages,
or encouragement based on whether the participant is near, at,
or below their weekly goal).

Provider Dashboard and I nteractions

A total of 7 MS providers (2 physiatrists, 4 neurologists, and 1
psychologist) are the providersin this study. Each provider can
view on the provider dashboard of the ExerciseRx platform: (1)
a triaged aggregate patient panel that depicts their patients
progress in meeting weekly goals; (2) clinical decision support
recommendations for next steps (eg, reactions and message
suggestions); and (3) individual participant weekly step count
and most common barriers or facilitators (obtained from the
surveys completed weekly by participants). The providers check
and act on the dashboard at least once aweek during the study
period. They can offer feedback and reinforcement via the
provider dashboard of the ExerciseRx platform, which sends
the patient messages via app notifications. For example, if a
patient is at less than 75% of their goal by the 3rd week, their
MS provider can send them a nudge from the provider
dashboard.

https://www.researchprotocols.org/2025/1/€72213
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Low Engagement Support Protocol

The app monitors participants engagement and sends automated
notifications to the provider and research coordinator. For
example, if a patient has not opened the app in 5 days, they
receive the following support message: Tech support message
#1: “Hello, we noticed you haven't opened the ExerciseRx app
recently. Are you having any difficulties with the app or
accessing Wi-Fi or cellular connection? Please let us know if
there is anything we can assist you with.” The research
coordinator monitors the responses and patient inquiries and
provides responses or technical assistanceif needed. They also
connect the patient to the provider to answer questions as
needed; providers can also reach out to participantsif they wish.

Post 12-Week | ntervention Period

Participantsin the ExerciseRx app group are alowed to continue
using the ExerciseRx app and encouraged to continue with
physical activity goals, as indicated. Their providers may also
continue using the provider dashboard of the ExerciseRx
platform with their patients.

Provider Training

The senior author, who helped devel op the ExerciseRx platform,
and the research coordinator trained the providers on the use of
the ExerciseRx platform, including their responsibilities.
Although the providers are familiar with the 2020 M S Exercise
and Physical Activity Recommendations, CYL (ExerciseRx
project lead and sports medicine provider) and SBS (MS
physiatrist with exercise expertise) reviewed the guidelineswith
the providers and described National MS Society and other
M S-specific resources (eg, website links and handouts videos)
available to providers in educating their patients about the
benefits of physical activity in MS.

Usual Care

Overview

The American Academy of Neurology has recommended that
patientswith M S be counseled by their providers on the benefits
of exercise and appropriate physical activity [18]. Participants
allocated to usual care receive the care they would normally
obtain at the M S Center, including encouragement to participate
in and increase physical activity astolerated from their clinical
provider (neurologist, physiatrist, or rehabilitation psychologist),
but without the use of the ExerciseRx platform. Specific physical
activity guidance varies based on the provider but may include
guidance on current exercise recommendations for peoplewith
MS (dose, duration, and type), known benefits of exercise in
people with MS, links with exercise resources, and referralsto
physical therapy or physiatry. In addition, at the beginning of
the study intervention period, all participants (including usual
care) are given a handout that describes the current physical
activity recommendations for adults with M S (type, duration,
and intensity), the benefits of physical activity, and links to
local and web-based resources suitable to MS (eg, free
web-based exercise videos, National MS Society exercise or
physical activity educational materials, and linksto community
resources). We selected the usual care control as a comparator
because clinical trials methodol ogists[34] argue that usual care
and waitlist controls are appropriatefor efficacy trialswhen the
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goal is to promote innovation and test potentially efficacious
interventions.

Usual Care Onboarding Meeting With Research
Coordinator

After completion of informed consent and the basdline measures,
the research coordinator meets with the participant by Zoom to
review the study procedures. Like participantsin the ExerciseRx
app group, the coordinator reviews the recommended physical
activity guidelines for adults with MS and provides print
resources for increasing physical activity, identical to what
materials the ExerciseRx participants receive.

26-Week Usual Care Period

Usual care participants are instructed to carry their phone
throughout the day to alow passive collection of step counts
during the study period; however, they will not be able to view
or use any of the features of the ExerciseRx app. Participants
are not discouraged from engaging in physical activity, and
providers are not precluded from providing whatever care they
usually would to their patients during the study period.

Post Follow-Up Phase

After the final (26-weeks) outcomes are collected, usua care
participants are offered the ExerciseRx platform, which is
delivered as described above.

Assessment Procedures and M easures

Overview

All participants complete baseline and outcome assessments
using REDCap, aweb-based data capture platform [28] that can
be completed by any digital device with internet access. It
includes a human verification service (reCAPTCHA) to avoid
responses from bots. Outcome assessments are collected at
baseline, post a 12-week treatment period (primary end point),
and at a 3-month follow-up after the treatment period. We obtain
step count data from all participants throughout the trial and
collect datafrom all randomized participants, regardless of their
adherenceto treatment (ie, intent-to-treat). Participants receive
up to US $150 remuneration for completing the REDCap
assessments (US $50 for each assessment point).

Participant Characteristics

Participants provide demographic variables, including
self-reported sex assigned at birth, gender identity, age, race,
ethni city, employment status, relationship status, and education
level. Clinical information, including M S subtype, time since
diagnosis, and medications (including disease-modifying
therapy), is obtained from chart review. MS disease severity
(assessed using the PDDS, a brief self-reported assessment that
has been found to be a valid measure of disease severity in an
MS population [31]), occurrence of clinical relapses (over the
preceding 6 months and throughout the study period), and
self-reported falls (over the preceding 6 months and throughout
the study period) are also assessed. Data on other treatments
and therapies used during the study period (active treatment
and follow-up) are collected via medical record extraction and
self-report.

https://www.researchprotocols.org/2025/1/€72213
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Primary Outcome: Step Count

For the week before (baseline) and throughout the 12-week
intervention period, step count will be measured within the
ExerciseRx app, which passively collects step count data from
device sensors using Core Motion, Google Fit, and Google
Health Connect. Participants in the usual care condition will
aso have their step count passively monitored via the
ExerciseRx app on their smartphones. Step count is an ideal
primary outcome in physical activity promotion trials because
it provides an objective, quantifiable measure of daily activity
that is sensitive to change and free from self-report bias. It
captures both structured and incidental movement, is easy to
interpret for participants and clinicians, and is associated with
meaningful improvementsin health and function [35], including
in adultswith MS[36,37]. It is possible that step count may be
underestimated due to alack of carrying time or location; afew
studies have shown that carrying a phone in a pocket or purse
can lead to underestimations of step count [38,39]. However,
since this study is looking primarily at changes and trends in
step count over time, with consistent phone carrying behaviors,
clinically relevant assessments will still be obtained [38,40].

Secondary Outcomes. Physical Activity

The International Physical Activity Questionnaire-Short Form,
which isvalidated for MS[41,42], will be given to participants
at baselineto assessfrequency and intensity of physical activity
at each assessment timepoint. Activity intensity and frequency
will then be used to calculate total MET-minutes per week for
participantsin each condition. The Physical Activity Vital Sign
(described above) will also be obtained at each timepoint to
determine the percentage of participants in each group that
progress their total minutes spent in moderate to vigorous
intensity physical activity per week toward the current physical
activity guidelines (of >150 min of moderate intensity or >75
min of vigorous activity per week).

Secondary Outcomes. Symptoms and Function

The following patient measures, all validated in MS, are
obtained at the three outcome timepoints to investigate the
effects of the ExerciseRx platform on symptom severity:
Pati ent-Reported Outcomes Measurement Information System
(PROMIS) painintensity (PROMIS Pain Intensity Short Form)
[43,44], fatigue severity (PROMIS Fatigue Intensity
Short-Form)[43,45], depressive symptom severity (PROMIS
Depression Short-Form) [43,46], and deep disturbance
(PROMI S Sleep Disturbance Short Form) [43,47]. Wewill al'so
assess functional outcomes, specifically physical functioning
(PROMIS Physical Function 10a) [48], pain interference
(PROMIS Pain Interference Short-Form) [43,44], fatigue
interference (PROMIS Fatigue Impact Short Form) [43,45],
socia participation (PROMIS Satisfaction with Participation
in Socia Roles Short Form 8a) [43], and salf-reported falls
(during the 6 months prior to randomization and throughout the
study period).

Exploratory Mechanisms. Moderators

We will use baseline values of the demographic, clinical, and
symptom measures, exercise self-efficacy [49], and BMI to
explore moderators of immediate (post 12 weeks) outcomes
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that may be evaluated a priori in future effectiveness and
mechanism research on the ExerciseRx platform.

I mplementation Measures

Both quantitative and qualitative implementation measures will
be completed by participantsin the ExerciseRx app group after
they have compl eted the 12-week treatment period. Quantitative
measures will include ratings of ease of use, interface,
satisfaction, and usefulness from the mHealth App Usability
Questionnaire [50]. Participants app engagement will be
measured via the ExerciseRx platform data, which tracks the
frequency of logins and completion of weekly barriers or
facilitatorsin-app surveys. Providerswill aso completeasimilar
brief survey of implementation factors, including measures of
acceptability, satisfaction, demand or engagement, usability,
and integration of the ExerciseRx platform into their clinic
workflows. The ExerciseRx platform will provide data on
providers frequency of and engagement with the provider
dashboard of the ExerciseRx platform, including logins, screen
interactions, and messages sent to participants.

In addition to the participant and provider self-report usability
measures, we will conduct semistructured interviews with 14
individual swho receive the ExerciseRx intervention and at least
3 providers to better understand their experiences on study
completion, including usability and feasibility of the platform.
The semistructured interviews are informed by (1) the Lived
Informatics Model [51], which describes key stages of using
health tracking apps. deciding to track, selecting a tool and
tracking plan, collecting data, integrating it, reflecting on it,
lapsing, and resuming use; and (2) goal directed self-tracking,
which supports examining how the functionality and design of
atracking app alignswith their activity goals[52]. Theinterview
guide is provided in Multimedia Appendix 1. Interviews will
include information regarding demographics, open-ended
guestions about barriers or facilitators to physical activity and
use of technology, and app features feedback. Interviews will
be conducted over Zoom, recorded, transcribed, and
double-coded with two coders using Dedoose software
(SocioCultural Research Consultants, LLC).

Safety

We are tracking any adverse events, including falls or injuries
related to study participation per University of Washington
Human Subjects Division procedures, which include monitoring
for possible adverse events, managing them, and reporting them
to the principal investigator, Human Subjects Division, and
study sponsor, as indicated. Since the ExerciseRx app is a
wellness platform that helps patients to meet current national
physical activity guidelines, the regulatory pathway is Software
asaMedical Device Class | (low risk, exempt).

Sample Size, Power, and Analysis Plan

Assuming a 15% noncompletion, we plan to enroll 106
participants in the trial to ensure 90 participants complete the
study. With 90 participants (45 in each group), we will have
80% power to detect a significant difference in the change in
mean daily step count from baseline to 12 weeks between the
treatment and control groupsfor amoderate standardized effect
size (Cohen d=0.60) using atwo-sided significancelevel of .05.

https://www.researchprotocols.org/2025/1/€72213
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For Aim 1, we will analyze the efficacy of the ExerciseRx
platform using alinear mixed effects model with average daily
step count each week as our outcome, fixed effects for week,
treatment assignment, and the week-treatment interaction, and
a random intercept for each participant. The presence of a
significant interaction will indicate that the changein step count
over the 12-week study period is impacted by treatment
assignment. If differences in demographic or other clinically
relevant characteristics between the two groupsarefound in the
descriptive analysis, sensitivity analyses will be conducted,
including those characteristics as adjustment variables in the
model. Post hoc analyses will include independent and paired
sample 2-tailed t tests to determine if there are differences
between treatment groups at specific time intervals or
differences between specific time intervals within a treatment

group.

Similar models will be used for Aim 2 and for the secondary
physical activity outcomes (activity volume and proportion
meeting physical activity guidelines), using each of the
secondary outcome measures as the outcome variable in the
linear mixed-effects model. As no correction for multiple
comparisons will be implemented for these analyses, any
significant findingswill be considered as hypothesis-generating.

For the qualitative analysis, the interview transcripts will be
coded using Dedoose software. Two trained qualitative analysts
will independently analyze the data using reflexive thematic
analysis, awell-established method for interpreting qualitative
data[53]. This approach emphasizesthe researchers activerole
in identifying patterns across the data and involves intentional
engagement with subjectivity and reflexivity throughout the
analytic process. In conducting our analysis, wewill draw upon
our diverse backgrounds in design, health informatics, patient
care, and clinical research to interpret the data and generate
themes, while remaining attentive to how participants
experiences and attitudes may differ from our initial
assumptions.

Results

The study was funded in October 2023. Participant enrollment
began in March 2024 and will continue through December 2025.
As of July 25, 2025, we have enrolled 85 participants. Data
analysis and dissemination preparations will begin in January
2026, and results of the ExerciseRx-MStrial are expected to be
submitted for publication by September 2026.

Discussion

Principal Findings

Physical activity promotion has emerged as a potent, restorative
rehabilitation strategy. In this clinical trial, we aim to advance
the scientific understanding and potential futureimplementation
of the ExerciseRx app, a digital health platform for increasing
activity in insufficiently active adults with MS. The study
leverages the benefits of physical activity, the identified
preferences of patients and providers, and a unique, innovative
tool for addressing gaps in the trandation of activity
recommendations into the MS community. The ExerciseRx
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platform is unique in that it not only addresses several of the
barriers to physical activity (eg, convenience and tailored
activity recommendations) identifiedin M S, but it also integrates
the M S provider into activity promotion. It ensuresthat patients
are getting the information and guidance they want from their
providers [54] and gives providers insight into their patients
activity levels while minimizing the provider’s clinical burden
(through automated features). The trial will also explore the
implementability of the ExerciseRx platform to understand
contextual factors, which will inform implementation strategies
for the next stage of research and accelerate future
implementation if the intervention is efficacious.

The ExerciseRx platform can be universally applicable, both
to the general population and to a wide range of rehabilitation
populationswith physical activity needs. Given thefocus of our
research, as well as the unique needs previoudly identified in
the MS population, this trial is focused on the ExerciseRx
platform’s application to the M S population. The ExerciseRx
platform has the potential to provide what patients with MS
want: clear activity recommendations from their provider and
accessible, cost-effective tools for goal setting, accountability,
and activity tracking [22,23]. Research has shown that support
and guidance from providers[55]—aswell asbehavioral factors
such as self-monitoring of physical activity, setting appropriate
goas, and having someone to be accountable to—facilitate
physical activity [18]. The ExerciseRx platform also offerswhat
MS providers want: clinically integrated, streamlined tools to
help their patients initiate, track, and sustain physical activity.
It also helps them guide their patients' activity without adding
to the clinical care burden [21].

Study Limitations

Inclusion or exclusion criteria were selected to maximize
generalizability, and the study was designed to leverage
participants own technology (ie, smartphones) to reduce barriers
to implementation. Unfortunately, current smartphone software
is less robust at tracking physical activity in people who are
nonambulatory or who use an assistive device for ambulation.
In addition, the 2020 Physical Activity Guidelines for people
with MS suggest that referrals to specialists (to assure proper
safety, form, and appropriate intensity) are more essential in
individuals with higher disability [18]. Therefore, the criterion
requiring aPDDS of <3 (indicating MS may interfere with gait
but typically ambulates independently) was selected. We
recognizethat thisrange limitsthe generalizability of the sample
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to those who can walk and have milder disability, which we
decided was acceptabl e for this stage of research, given that we
are interested in the feasibility of the ExerciseRx platform in
MS clinical care and wanted to maximize safety (reduce fall
risk). If the ExerciseRx platform is found to be efficacious in
ambulatory adultswith M S, afuture study could integrate other
features of the ExerciseRx app that are now available into a
future clinical tria, including the ability to prescribe a home
exercise program incorporating strength training, seated
exercises, and other types of physical activity applicable to a
broader range of disability levels and activity types in MS.
Requiring patients to have a smartphone might also exclude
some people from participating. However, recent research on
smartphone use in the general population [56] and in MS
samples [57] indicates that 85%-90% own a smartphone.

Step count provides a pragmatic, scalable, and accessible
outcome well-suited for real-world applications. However, it is
possible that there will be variation in step count data across
participants in the intervention and control groups. We have
several procedures for mitigating this potential limitation. At
the onboarding visit, the research coordinator discusses with
all study participants the importance of carrying their phones
throughout the study and the rationale for it (to consistently
capture step count data). They areinstructed to carry their phone
all day while awake. She also discusses with each participant
their phone-carrying habits and hel pstroubl eshoot any potential
issues. At the 13- and 26-week assessments, participants are
asked to estimate what percentage of their waking hours they
carried their phone asameasure of adherence to phone carrying;
we will use this measure to explore patterns of self-reported
phone carrying, including differential patterns between the two
conditions.

Conclusions

The ExerciseRx-MS trial tests an innovative patient-provider
digital health platform, which is designed to increase physical
activity using theindividual’s own technology (ie, smartphones).
The ExerciseRx platform connects adults living with MS and
their care providers, who can monitor progress in step count
goals and provide encouragement in a minimally burdensome
fashion. This trial will evaluate both the efficacy of the
ExerciseRx platform in increasing physical activity and the
implementability of the ExerciseRx platformin clinical practice,
exploring critical contextual factors, including participants’ and
providers' perspectives.

Acknowledgments

The ExerciseRx platform was created by The Sports Institute at UW Medicine in partnership with the University of Washington's
Ubicomp Lab in the Paul G. Allen School of Computer Science and Engineering. We are grateful to Sean Munson, PhD, and
GloriaHou, MD, for their contributions to this study. This investigation was supported by aresearch grant (#RFA-2212-40550,
DME, PI) from the National Multiple Sclerosis Society. Study data were collected and managed using REDCap electronic data
capture tools hosted at the Institute of Translational Health Sciences, which is supported by the National Center for Advancing
Translational Sciences of the National Institutes of Health under award UL1 TR002319.

https://www.researchprotocols.org/2025/1/€72213

JMIR Res Protoc 2025 | vol. 14 | €72213 | p. 9
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Ehdeet d

Data Availability

The datasets generated and analyzed during this study are not publicly available due to ongoing data collection, but adeidentified
version of aggregated trial datawill be available from the corresponding author upon reasonabl e request following the completion
of the study.

Authors Contributions

DME and CYL: conceptualization, funding acquisition, investigation, methodology, supervision, writing-origina draft,
writing-review, and editing.

SBS and KNA: conceptualization, funding acquisition, investigation, methodology, writing-original draft, writing-review, and
editing.

TEH: conceptualization, funding acquisition, investigation, writing-original draft, writing-review, and editing.

ATH: conceptualization, funding acquisition, data curation, formal analysis, methodology, writing-original draft, writing-review,
and editing.

SRR, KL, and LBK: investigation, project administration, writing-original draft, writing-review, and editing.

Ol: software, writing-original draft, writing-review, and editing.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Poststudy interview guide.
[DOCX File, 48 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Peer review report from Accelerating Functional Recovery of Multiple Sclerosis Grant Committee, National Multiple Sclerosis
Society (USA).

[PDF File (Adobe PDF File), 232 KB-Multimedia Appendix 2]

References

1. Dalgas U, Langeskov-Christensen M, Stenager E, Riemenschneider M, Hvid LG. Exercise as medicine in multiple
sclerosis-time for aparadigm shift: preventive, symptomatic, and disease-modifying aspects and perspectives. Curr Neurol
Neurosci Rep. 2019;19(11):88. [doi: 10.1007/s11910-019-1002-3] [Medline: 31720862]

2. DagasU, Stenager E, Sloth M, Stenager E. The effect of exercise on depressive symptoms in multiple sclerosis based on
ameta-analysisand critical review of theliterature. Eur JNeurol. 2015;22(3):443-e34. [doi: 10.1111/ene.12576] [Medline:
25327395]

3. Motl RW, Sandroff BM, Kwakkel G, Dalgas U, Feinstein A, Heesen C, et al. Exercise in patients with multiple sclerosis.
Lancet Neurol. 2017;16(10):848-856. [doi: 10.1016/S1474-4422(17)30281-8] [Medline: 28920890]

4. HeineM, van de Port |, Rietberg MB, van Wegen EEH, Kwakkel G. Exercise therapy for fatigue in multiple sclerosis.
Cochrane Database Syst Rev. 2015;2015(9):CD009956. [ FREE Full text] [doi: 10.1002/14651858.CD009956.pub?2]
[Medline: 26358158]

5. DelLucal, Chiaravalloti ND, Sandroff BM. Treatment and management of cognitive dysfunction in patients with multiple
sclerosis. Nat Rev Neurol. 2020;16(6):319-332. [doi: 10.1038/s41582-020-0355-1] [Medline: 32372033]

6.  Diechmann MD, Campbell E, Coulter E, Paul L, Dalgas U, Hvid LG. Effects of exercise training on neurotrophic factors
and subsequent neuroprotection in persons with multiple sclerosis—a systematic review and meta-analysis. Brain Sci.
2021;11(11):1499. [FREE Full text] [doi: 10.3390/brainsci11111499] [Medline: 34827498]

7. Motl Rw, Dlugonski D, Pilutti L, Sandroff B, McAuley E. Premorbid physical activity predicts disability progression in
relapsing-remitting multiple sclerosis. J Neurol Sci. 2012;323(1-2):123-127. [doi: 10.1016/j.jns.2012.08.033] [Medline:
22989612]

8.  Klaren RE, Hubbard EA, Motl RW, Pilutti LA, Wetter NC, Sutton BP. Objectively measured physical activity is associated
with brain volumetric measurements in multiple sclerosis. Behav Neurol. 2015;2015:482536. [FREE Full text] [doi:
10.1155/2015/482536] [Medline: 26146460]

9.  Langeskov-Christensen M, Hvid LG, Jensen HB, Nielsen HH, Petersen T, Stenager E, et al. Efficacy of high-intensity
aerobic exercise on common multiple sclerosis symptoms. ActaNeurol Scand. 2022;145(2):229-238. [doi: 10.1111/ane.13540]
[Medline: 34687036]

10. DunnM, BhargavaP, Kalb R. Your patientswith multiple sclerosisat wellness as a high priority—and the National Multiple
Sclerosis Society is responding. US Neurol. 2015;11(2):80-86. [FREE Full text] [doi: 10.17925/usn.2015.11.02.80]

https://www.researchprotocols.org/2025/1/e72213 JMIR Res Protoc 2025 | vol. 14 | €72213 | p. 10
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v14i1e72213_app1.docx&filename=3f8df0077d407012861fbbf4faf28aec.docx
https://jmir.org/api/download?alt_name=resprot_v14i1e72213_app1.docx&filename=3f8df0077d407012861fbbf4faf28aec.docx
https://jmir.org/api/download?alt_name=resprot_v14i1e72213_app2.pdf&filename=f7039dd0ef93e0f5b22ff3dc647cf78d.pdf
https://jmir.org/api/download?alt_name=resprot_v14i1e72213_app2.pdf&filename=f7039dd0ef93e0f5b22ff3dc647cf78d.pdf
http://dx.doi.org/10.1007/s11910-019-1002-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31720862&dopt=Abstract
http://dx.doi.org/10.1111/ene.12576
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25327395&dopt=Abstract
http://dx.doi.org/10.1016/S1474-4422(17)30281-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28920890&dopt=Abstract
https://europepmc.org/abstract/MED/26358158
http://dx.doi.org/10.1002/14651858.CD009956.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26358158&dopt=Abstract
http://dx.doi.org/10.1038/s41582-020-0355-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32372033&dopt=Abstract
https://www.mdpi.com/resolver?pii=brainsci11111499
http://dx.doi.org/10.3390/brainsci11111499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34827498&dopt=Abstract
http://dx.doi.org/10.1016/j.jns.2012.08.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22989612&dopt=Abstract
https://europepmc.org/abstract/MED/26146460
http://dx.doi.org/10.1155/2015/482536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26146460&dopt=Abstract
http://dx.doi.org/10.1111/ane.13540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34687036&dopt=Abstract
http://doi.org/10.17925/USN.2015.11.02.80
http://dx.doi.org/10.17925/usn.2015.11.02.80
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Ehdeet d

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Motl RW, Mowry EM, Ehde DM, LaRoccaNG, Smith KE, Costello K, et al. Wellness and multiple sclerosis: The National
MS Society establishes awellness research working group and research priorities. Mult Scler. 2018;24(3):262-267. [FREE
Full text] [doi: 10.1177/1352458516687404] [Medline: 28080254]

Dlugonski D, Pilutti LA, Sandroff BM, Suh 'Y, Balantrapu S, Motl RW. Steps per day among personswith multiple sclerosis:
variation by demographic, clinical, and device characteristics. Arch Phys Med Rehabil. 2013;94(8):1534-1539. [doi:
10.1016/j.apmr.2012.12.014] [Medline: 23419331]

Kinnett-Hopkins D, Adamson B, Rougeau K, Motl RW. People with M S are less physically active than healthy controls
but as active as those with other chronic diseases: an updated meta-analysis. Mult Scler Relat Disord. 2017;13:38-43. [doi:
10.1016/j.msard.2017.01.016] [Medline: 28427699]

Klaren RE, Motl RW, Dlugonski D, Sandroff BM, Pilutti LA. Objectively quantified physical activity in persons with
multiple sclerosis. Arch PhysMed Rehabil. 2013;94(12):2342-2348. [doi: 10.1016/j.apmr.2013.07.011] [Medline: 23906692]
Patel AV, Maliniak ML, Rees-Punia E, Matthews CE, Gapstur SM. Prolonged leisure time spent sitting in relation to
cause-specific mortality in alarge US cohort. Am J Epidemiol. 2018;187(10):2151-2158. [FREE Full text] [doi:
10.1093/aje/kwy125] [Medline: 29947736]

Casey B, Coote S, Galvin R, Donnelly A. Objective physical activity levelsin peoplewith multiple sclerosis: meta-analysis.
Scand JMed Sci Sports. 2018;28(9):1960-1969. [doi: 10.1111/sms.13214] [Medline: 29762863]

Klaren RE, Sasaki JE, McAuley E, Motl RW. Patterns and predictors of change in moderate-to-vigorous physical activity
over timein multiple sclerosis. JPhys Act Health. 2017;14(3):183-188. [doi: 10.1123/jpah.2016-0335] [Medline; 27918703]
KabR, Brown TR, Coote S, CostelloK, DalgasU, Garmon E, et al. Exercise and lifestyle physical activity recommendations
for people with multiple sclerosis throughout the disease course. Mult Scler. 2020;26(12):1459-1469. [FREE Full text]
[doi: 10.1177/1352458520915629] [Medline: 32323606]

Pilutti LA, Platta ME, Motl RW, Latimer-Cheung AE. The safety of exercise training in multiple sclerosis: a systematic
review. JNeurol Sci. 2014;343(1-2):3-7. [doi: 10.1016/j.jns.2014.05.016] [Medline: 24880538]

Mitchell-Box K, Braun KL. Fathers' thoughts on breastfeeding and implications for a theory-based intervention. J Obstet
Gynecol Neonatal Nurs. 2012;41(6):E41-E50. [doi: 10.1111/j.1552-6909.2012.01399.x] [Medline: 22861175]
Learmonth Y C, Adamson BC, Balto JM, Chiu C, Molina-Guzman IM, Finlayson M, et al. Investigating the needs and
wants of healthcare providersfor promoting exercisein personswith multiple sclerosis: aqualitative study. Disabil Rehabil.
2018;40(18):2172-2180. [doi: 10.1080/09638288.2017.1327989] [Medline: 28524732]

Learmonth Y C, Adamson BC, Balto JM, Chiu C, Molina-Guzman |, Finlayson M, et al. Multiple sclerosis patients need
and want information on exercise promotion from healthcare providers: a qualitative study. Health Expect.
2017;20(4):574-583. [FREE Full text] [doi: 10.1111/hex.12482] [Medline: 27436592]

Learmonth Y C, Adamson BC, Balto JM, Chiu C, Molina-Guzman IM, Finlayson M, et a. Identifying preferred format and
source of exercise information in persons with multiple sclerosis that can be delivered by health-care providers. Health
Expect. 2017;20(5):1001-1010. [FREE Full text] [doi: 10.1111/hex.12541] [Medline: 28915343]

Richardson EV, Fifolt M, Barstow EA, SilveiraSL, SikesEM, Motl RW. The priorities of neurologistsfor exercise promotion
in comprehensive multiple sclerosis care. Mult Scler Relat Disord. 2020;38:101482. [doi: 10.1016/j.msard.2019.101482]
[Medline: 31707216]

Motl RW, Barstow EA, Blaylock S, Richardson E, Learmonth Y C, Fifolt M. Promotion of exercise in multiple sclerosis
through health care providers. Exerc Sport Sci Rev. 2018;46(2):105-111. [doi: 10.1249/JES.0000000000000140] [Medline:
29346161]

Lin CY, Ball TJ, Gentile NL, McDonald VF, Humbert AT. Associations between physical activity vital sign in patients
and health care utilization in a health care system, 2018-2020. J Phys Act Health. 2023;20(1):28-34. [doi:
10.1123/jpah.2022-0266] [Medline: 36493760]

Lin CY, GentileNL, BaleL, RiceM, LeeES, Ray LS, et al. Implementation of a physical activity vital sign in primary
care: associations between physical activity, demographic characteristics, and chronic disease burden. Prev Chronic Dis.
2022;19:E33. [FREE Full text] [doi: 10.5888/pcd19.210457] [Medline: 35749145]

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)—a
metadata-driven methodology and workflow process for providing trans ational research informatics support. J Biomed
Inform. 2009;42(2):377-381. [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

Hohol MJ, Orav EJ, Weiner HL . Disease stepsin multiple sclerosis: alongitudinal study comparing disease stepsand EDSS
to evaluate disease progression. Mult Scler. 1999;5(5):349-354. [doi: 10.1177/135245859900500508] [Medline: 10516779]
Marrie RA, Goldman M. Validity of performance scales for disability assessment in multiple sclerosis. Mult Scler.
2007;13(9):1176-1182. [doi: 10.1177/1352458507078388] [Medline: 17623733]

Learmonth Y C, Motl Rw, Sandroff BM, PulaJH, Cadavid D. Validation of patient determined disease steps (PDDS) scale
scores in persons with multiple sclerosis. BMC Neurol. 2013;13:37. [FREE Full text] [doi: 10.1186/1471-2377-13-37]
[Medline: 23617555]

Montagnino J, Hou G, Lim S, Ciol M, Lin C. Implementing physical activity vital sign asaself-reported measure of physical
activity in patients with multiple sclerosisin aclinical setting. PM R. 2023;15(11):1411-1418. [doi: 10.1002/pmrj.12971]
[Medline: 36930950]

https://www.researchprotocols.org/2025/1/e72213 JMIR Res Protoc 2025 | vol. 14 | €72213 | p. 11

(page number not for citation purposes)


https://journals.sagepub.com/doi/10.1177/1352458516687404?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/1352458516687404?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1352458516687404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28080254&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2012.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23419331&dopt=Abstract
http://dx.doi.org/10.1016/j.msard.2017.01.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28427699&dopt=Abstract
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://europepmc.org/abstract/MED/29947736
http://dx.doi.org/10.1093/aje/kwy125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29947736&dopt=Abstract
http://dx.doi.org/10.1111/sms.13214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29762863&dopt=Abstract
http://dx.doi.org/10.1123/jpah.2016-0335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27918703&dopt=Abstract
https://journals.sagepub.com/doi/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
http://dx.doi.org/10.1016/j.jns.2014.05.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24880538&dopt=Abstract
http://dx.doi.org/10.1111/j.1552-6909.2012.01399.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22861175&dopt=Abstract
http://dx.doi.org/10.1080/09638288.2017.1327989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28524732&dopt=Abstract
https://europepmc.org/abstract/MED/27436592
http://dx.doi.org/10.1111/hex.12482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27436592&dopt=Abstract
https://europepmc.org/abstract/MED/28915343
http://dx.doi.org/10.1111/hex.12541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28915343&dopt=Abstract
http://dx.doi.org/10.1016/j.msard.2019.101482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31707216&dopt=Abstract
http://dx.doi.org/10.1249/JES.0000000000000140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29346161&dopt=Abstract
http://dx.doi.org/10.1123/jpah.2022-0266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36493760&dopt=Abstract
https://www.cdc.gov/pcd/issues/2022/21_0457.htm
http://dx.doi.org/10.5888/pcd19.210457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35749145&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&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
http://dx.doi.org/10.1177/1352458507078388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17623733&dopt=Abstract
https://bmcneurol.biomedcentral.com/articles/10.1186/1471-2377-13-37
http://dx.doi.org/10.1186/1471-2377-13-37
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23617555&dopt=Abstract
http://dx.doi.org/10.1002/pmrj.12971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36930950&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Ehdeet d

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

Warburton DER, Jamnik VK, Bredin SSD, Gledhill N. The physical activity readiness questionnairefor everyone (PAR-Q+)
and electronic physical activity readiness medical examination (ePARmed-X+). Health Fitness J Can. 2011;4(2):3-23. [doi:
10.14288/hfjc.v4i2.103]

Freedland KE, King AC, Ambrosius WT, Mayo-Wilson E, Mohr DC, Czajkowski SM, et al. The selection of comparators
for randomized controlled trials of health-related behavioral interventions: recommendations of an NIH expert panel. JClin
Epidemiol. 2019;110:74-81. [FREE Full text] [doi: 10.1016/}.jclinepi.2019.02.011] [Medline: 30826377]

Ding D, Nguyen B, Nau T, Luo M, Del Pozo Cruz B, Dempsey P, et al. Daily steps and health outcomes in adults: a
systematic review and dose-response meta-analysis. Lancet Public Health. 2025;10(8):e668-e681. [FREE Full text] [doi:
10.1016/S2468-2667(25)00164-1] [Medline: 40713949]

Motl RW, Pilutti LA, Learmonth Y C, Goldman MD, Brown T. Clinical importance of steps taken per day among persons
with multiple sclerosis. PLoS One. 2013;8(9):€73247. [EREE Full text] [doi: 10.1371/journal.pone.0073247] [Medline:
24023843]

Block VJ, Bove R, Zhao C, Garcha P, Graves J, Romeo AR, et al. Association of continuous assessment of step count by
remote monitoring with disability progression among adults with multiple sclerosis. JAMA Netw Open. 2019;2(3):€190570.
[FREE Full text] [doi: 10.1001/jamanetworkopen.2019.0570] [Medline: 30874777]

Amagasa S, Kamada M, Sasai H, FukushimaN, Kikuchi H, Leel, et a. How well iPhones measure steps in free-living
conditions: cross-sectional validation study. IMIR Mhealth Uhealth. 2019;7(1):€10418. [ FREE Full text] [doi: 10.2196/10418]
[Medline: 30626569]

Leong JY, Wong JE. Accuracy of three Android-based pedometer applications in laboratory and free-living settings. J
Sports Sci. 2017;35(1):14-21. [doi: 10.1080/02640414.2016.1154592] [Medline: 26950687]

Cooke AB, Pace R, Chan D, Rosenberg E, DasguptaK, Daskalopoulou SS. A qualitative eval uation of aphysician-delivered
pedometer-based step count prescription strategy with insight from participants and treating physicians. Diabetes Res Clin
Pract. 2018;139:314-322. [doi: 10.1016/j.diabres.2018.03.008] [Medline: 29530385]

Gosney JL, Scott JA, Snook EM, Motl RW. Physical activity and multiple sclerosis: validity of self-report and objective
measures. Fam Community Health. 2007;30(2):144-150. [doi: 10.1097/01.fch.0000264411.20766.0c] [Medline: 19241650]
Sandroff BM, Dlugonski D, Weikert M, Suh'Y, Balantrapu S, Motl RW. Physical activity and multiple sclerosis: new
insightsregarding inactivity. ActaNeurol Scand. 2012;126(4):256-262. [doi: 10.1111/].1600-0404.2011.01634.X] [Medline:
22211941]

Cook KF, Bamer AM, Amtmann D, Molton IR, Jensen MP. Six patient-reported outcome measurement information system
short form measures have negligible age- or diagnosis-related differential item functioning in individuals with disabilities.
Arch Phys Med Rehabil. 2012;93(7):1289-1291. [doi: 10.1016/j.apmr.2011.11.022] [Medline; 22386213]

Askew RL, Kim J, Chung H, Cook KF, Johnson KL, Amtmann D. Development of a crosswalk for pain interference
measured by the BPl and PROMI S pain interference short form. Qual Life Res. 2013;22(10):2769-2776. [doi:
10.1007/s11136-013-0398-5] [Medline: 23539469]

Kamudoni P, Johns J, Cook KF, Salem R, Salek S, Raab J, et al. A comparison of the measurement properties of the
PROMIS Fatigue (MS) 8a against legacy fatigue questionnaires. Mult Scler Relat Disord. 2022;66:104048. [FREE Full
text] [doi: 10.1016/j.msard.2022.104048] [Medline: 35905689]

Amtmann D, Kim J, Chung H, Bamer AM, Askew RL, Wu S, et al. Comparing CESD-10, PHQ-9, and PROMI S depression
instruments in individuals with multiple sclerosis. Rehabil Psychol. 2014;59(2):220-229. [FREE Full text] [doi:
10.1037/a0035919] [Medline: 24661030]

Fogelberg DJ, Vitiello MV, Hoffman JM, Bamer AM, Amtmann D. Comparison of self-report sleep measuresfor individuals
with multiple sclerosis and spinal cord injury. Arch Phys Med Rehabil. 2015;96(3):478-483. [EREE Full text] [doi:
10.1016/j.apmr.2014.10.001] [Medline: 25450136]

Kamudoni P, Amtmann D, Johns J, Cook KF, Salem R, Salek S, et al. The validity, responsiveness, and score interpretation
of the PROMI1Snq physical function—multiple sclerosis 15a short form in multiple sclerosis. Mult Scler Relat Disord.
2022;62:103753. [FREE Full text] [doi: 10.1016/j.msard.2022.103753] [Medline: 35598408]

Motl RW, Pekmezi D, Wingo BC. Promotion of physical activity and exercisein multiple sclerosis: importance of behavioral
science and theory. Mult Scler J Exp Trangl Clin. 2018;4(3):2055217318786745. [FREE Full text] [doi:
10.1177/2055217318786745] [Medline: 30090642]

Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The mHealth app usability questionnaire (MAUQ): devel opment
and validation study. IMIR Mhealth Uhealth. 2019;7(4):e11500. [FREE Full text] [doi: 10.2196/11500] [Medline; 30973342]
Epstein DA, Ping A, Fogarty J, Munson SA. A lived informatics model of personal informatics. Assoication for Computing
Machinery; 2015. Presented at: UbiComp '15: Proceedings of the 2015 ACM International Joint Conference on Pervasive
and Ubiquitous Computing; September 7-11, 2015:731-742; Osaka, Japan. [doi: 10.1145/2750858.2804250]

Schroeder J, Karkar R, Murinova N, Fogarty J, Munson SA. Examining opportunities for goal-directed self-tracking to
support chronic condition management. Proc ACM Interact Mob Wearable Ubiquitous Technol. 2019;3(4):151. [FREE
Full text] [doi: 10.1145/3369809] [Medline: 32656490]

Braun V, Clarke V. Reflecting on reflexive thematic analysis. Qual Res Sport Exercise Health. 2019;11(4):589-597. [doi:
10.1080/2159676x.2019.1628806]

https://www.researchprotocols.org/2025/1/e72213 JMIR Res Protoc 2025 | vol. 14 | €72213 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.14288/hfjc.v4i2.103
https://europepmc.org/abstract/MED/30826377
http://dx.doi.org/10.1016/j.jclinepi.2019.02.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30826377&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2468-2667(25)00164-1
http://dx.doi.org/10.1016/S2468-2667(25)00164-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40713949&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0073247
http://dx.doi.org/10.1371/journal.pone.0073247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24023843&dopt=Abstract
https://europepmc.org/abstract/MED/30874777
http://dx.doi.org/10.1001/jamanetworkopen.2019.0570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30874777&dopt=Abstract
https://mhealth.jmir.org/2019/1/e10418/
http://dx.doi.org/10.2196/10418
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30626569&dopt=Abstract
http://dx.doi.org/10.1080/02640414.2016.1154592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26950687&dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2018.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29530385&dopt=Abstract
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
http://dx.doi.org/10.1111/j.1600-0404.2011.01634.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22211941&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2011.11.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22386213&dopt=Abstract
http://dx.doi.org/10.1007/s11136-013-0398-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23539469&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-0348(22)00556-9
https://linkinghub.elsevier.com/retrieve/pii/S2211-0348(22)00556-9
http://dx.doi.org/10.1016/j.msard.2022.104048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35905689&dopt=Abstract
https://europepmc.org/abstract/MED/24661030
http://dx.doi.org/10.1037/a0035919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24661030&dopt=Abstract
https://europepmc.org/abstract/MED/25450136
http://dx.doi.org/10.1016/j.apmr.2014.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25450136&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-0348(22)00268-1
http://dx.doi.org/10.1016/j.msard.2022.103753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35598408&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055217318786745?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055217318786745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30090642&dopt=Abstract
https://mhealth.jmir.org/2019/4/e11500/
http://dx.doi.org/10.2196/11500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973342&dopt=Abstract
http://dx.doi.org/10.1145/2750858.2804250
https://europepmc.org/abstract/MED/32656490
https://europepmc.org/abstract/MED/32656490
http://dx.doi.org/10.1145/3369809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32656490&dopt=Abstract
http://dx.doi.org/10.1080/2159676x.2019.1628806
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Ehdeet d

54. Agarwal P, Kithulegoda N, Bouck Z, Bosiak B, Birnbaum |, Reddeman L, et a. Feasibility of an electronic health tool to
promote physical activity in primary care: pilot cluster randomized controlled trial. JMed Internet Res. 2020;22(2):€15424.
[FREE Full text] [doi: 10.2196/15424] [Medline: 32130122]

55.  Thornton JS, Frémont P, Khan K, Pairier P, Fowles J, Wells GD, et al. Physical activity prescription: acritical opportunity
to address a modifiable risk factor for the prevention and management of chronic disease: a position statement by the
Canadian Academy of Sport and Exercise Medicine. Clin J Sport Med. 2016;26(4):259-265. [doi:
10.1097/JSM .0000000000000363] [Medline: 27359294]

56. Mobhile technology and home broadband 2021. Pew Research Center. 2021. URL : https://tinyurl.com/3s796v8a [accessed
2025-09-23]

57. Griffin N, Kehoe M. A questionnaire study to explore the views of people with multiple sclerosis of using smartphone
technology for health care purposes. Disabil Rehabil. 2018;40(12):1434-1442. [doi: 10.1080/09638288.2017.1300332]
[Medline: 28322588]

Abbreviations

EHR: electronic health record

HIPAA: Health Insurance Portability and Accountability Act

MS: multiple sclerosis

PDDS: Patient Determined Disease Steps

PROMIS: Patient-Reported Outcomes Measurement Information System
REDCap: Research Electronic Data Capture

Edited by T Leung, A Schwartz The proposal for this study was peer-reviewed by: Accelerating Functional Recovery of Multiple
Sclerosis Grant Committee, National Multiple Sclerosis Society (USA). See the Multimedia Appendix for the peer-review report;
Submitted 06.Feb.2025; accepted 31.Aug.2025; published 21.Nov.2025.

Please cite as.

Ehde DM, Smmons SB, Alschuler KN, Herring TE, Humbert AT, Robles SR, loseliani O, Landis K, Kavanagh LB, Lin CY
Increasing Physical Activity via Provider Support and Engagement Using a Digital Health Platformin Adults With Multiple Sclerosis:
Protocol for a Randomized Controlled Trial

JMIR Res Protoc 2025;14:€72213

URL: https.//www.researchprotocols.org/2025/1/e72213

doi: 10.2196/72213

PMID:

©Dawn M Ehde, Sarah B Simmons, Kevin N Alschuler, Tracy E Herring, Andrew T Humbert, Susan R Robles, Otari loseliani,
Karla Landis, Laurie B Kavanagh, Cindy Y Lin. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 21.Nov.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 IMIR 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.

https://www.researchprotocols.org/2025/1/e72213 JMIR Res Protoc 2025 | vol. 14 | €72213 | p. 13
(page number not for citation purposes)

RenderX


https://www.jmir.org/2020/2/e15424/
http://dx.doi.org/10.2196/15424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130122&dopt=Abstract
http://dx.doi.org/10.1097/JSM.0000000000000363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27359294&dopt=Abstract
https://www.pewresearch.org/internet/2021/06/03/mobile-technology-and-home-broadband-2021/?gad_source=1&gad_campaignid=22285027172&gbraid=0AAAAA-ddO9GofDHSOeUBLnZajpe2UJ4eh&gclid=EAIaIQobChMItdOWiZnujwMVdtoWBR37tg7hEAAYASAAEgLpMPD_BwE
http://dx.doi.org/10.1080/09638288.2017.1300332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28322588&dopt=Abstract
https://www.researchprotocols.org/2025/1/e72213
http://dx.doi.org/10.2196/72213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

