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Abstract

Background: Delaying or slowing functional loss is a valuable goal of Multiple Sclerosis (MS) rehabilitation. The mHealth app-based exercise rehabilitation
intervention is expected to overcome barriers related to routine care of MS. Due to the ubiquitous presence of smartphones, they offer an excellent opportunity
for remote monitoring, scheduled interaction with experts, and instruction for exercise in a home environment. Challenges in MS routine care include forgotten
rehabilitation steps, limited access to local MS experts, and internal barriers such as low health literacy, mobility limitations, and fatigue, alongside external
obstacles like service availability and transport costs.

Objectives: To develop a mHealth app that is user-centered and context-specific for rehabilitation of MS symptoms, and to evaluate its clinical and cost
effectiveness in individuals with RRMS.

Methods: The proposed research will be conducted in two phases; the first phase (Phase 1a) will be focused on the development of mHealth app content
(ReMiT-MS app trial I). The pilot phase (Phase 1b), where a prototype of the application will be designed, and its usability will be evaluated. Finally, in the second
phase (Phase 2), the clinical and cost-effectiveness of the ReMiT-MS app for the rehabilitation of individuals with RRMS will be evaluated (ReMiT-MS app trial II).

Conclusion: The findings of this proposed trial may provide a telerehabilitation platform for individuals with RRMS in a resource-limited setting and establish
a low-cost healthcare delivery model. In addition, the results of this research work might open a new window in healthcare delivery in India and similar settings.

Trial registration: CTRI/2022/09/045266 [Registered on 06/09/2022]

Introduction of chronic neurological dysfunction in adults [1]. The global
burden of MS is estimated at 2.8 million cases (common
among young adults; male-female ratio: 1:2) [2] and India is

Multiple Sclerosis (MS) is a chronic, immune-mediated, no exception. In the last few years, the number of reported MS
inflammatory, and demyelinating disease of the central caseshasbeenincreasinginIndiadue toincreased availability,
nervous system and is the most common non-traumatic cause  accessibility, and affordability of magnetic resonance imaging

Background and rationale
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(MRI) and more practicing neuro physicians with a roughly
estimated prevalence of 5-10 per 100,000 individuals [3,4].

Delaying or slowing functional loss becomes a valuable
goal and mainstay of the management of MS, and physical
rehabilitation isan important aspect of achieving this goal. Due
to the chronic and progressive nature of MS, individuals with
MS need long-term rehabilitation and continuous monitoring
from rehabilitation professionals. In routine rehabilitation
practice  (unsupervised  home-based  rehabilitation)
individuals with MS are usually instructed to perform
exercises regularly as recommended by the physiotherapists
and receive written protocols for self-management at home.
Depending on the progression of symptoms, the individuals
are advised to revisit the hospital for exercise modification.

However, compliance with the home exercise program is
a challenge, and individuals with MS often return for follow-
up visits when their condition deteriorates. Lack of a constant
caregiver [5], forgotten rehabilitation steps, and limited access
to local MS experts [6] are major obstacles to implementing
adequate exercise rehabilitation. In addition, various internal
barriers, such as low health literacy, limited mobility, lack of
motivation, fatigue, and related issues, and external barriers
such as availability and accessibility of services and transport
costs also contribute [7]. All these factors pose significant
challenges for delivering routine MS care, especially
adherence to exercise rehabilitation. Therefore, education
about self-management and remote monitoring of individuals
with MS may be viable solutions for the rehabilitation of MS
[8]. To address these barriers, easily accessible and available
technology-based solutions like mobile health applications
(mHealth app) can be adapted for providing telerehabilitation
and monitoring. In recent years, mobile apps with a variety
of objectives such as improving cognition [9], fatigue [10-12],
dexterity [13] and physical performance [6]; have been
developed and evaluated its effectiveness and feasibility for
MS, and studies have reviewed the already existing apps in
databases [14] and app stores [15,16]. These review studies
have highlighted limitations of the existing apps in terms of
their functionality, their supply and demand mismatch, their
failure to meet some of the self-management needs, and the
gap in the collaboration of patients and health care providers
in app development. Additionally, limited access in app
stores, cost, low empowerment, and lack of scientific evidence
were the limitations of existing mHealth applications for MS
identified by the study authors.

Hence, keeping the limitations of already existing
mHealth applications in mind, a user-centered and context-
specific mHealth app for symptom management by physical
rehabilitation measures needs to be developed and evaluated
for clinical and cost-effectiveness in individuals with the
most prevalent and less disease-burden type of MS especially
relapsing-remitting multiple sclerosis (RRMS).

https://doi.org/10.29328/journal.jnpr.1001060

Objectives

1. To develop a mHealth app that is user-centered and
context-specific for the rehabilitation of individuals
with RRMS.

2. To evaluate its clinical and cost-effectiveness in

individuals with RRMS.
Methodology
Standard Protocol Items: Recommendations for

Interventional Trials (SPIRIT) reporting guidelines are used
to report study protocol [17].

Trial design overview (Figure 1)

ReMiT-MS (rehabilitation using mHealth app-based
intervention for MS) app trial will be conducted in two
phases: The first phase (Phase 1a) will be focused on the
development of mHealth app content, which will be based
on literature evidence and understanding health challenges
and rehabilitation practices of individuals with RRMS using
a mixed-methods approach (ReMiT-MS app trial I). The pilot
phase (Phase 1b), where a prototype of the application will be
designed, and its usability will be evaluated using the mHealth
application usability questionnaire (MAUQ). Finally, in the
second phase (Phase 2), the clinical and cost-effectiveness of
the ReMiT-MS app for the rehabilitation of individuals with
RRMS will be evaluated through a mixed method, pragmatic
parallel-group, open-labeled, randomized controlled trial
(ReMiT-MS app trial II).

Study setting: Patients will be recruited from the multiple
sclerosis clinic of the Department of Neurology, PGIMER
Chandigarh, India.

Detailed methods of phase 1: Development and piloting
of mHealth-app-A mixed-methods study design
(ReMiT-MS-1)

The study will be conducted in two sub-phases: Preliminary
phase (phase 1a): which will develop the mHealth app content.
Pilot phase (phase 1b): will assess the usability of the mHealth
application-ReMiT-MS app.

Phase 1a: Development of mHealth app content: The
objective of phase 1a is to identify the problems related to
health and rehabilitation practices in individuals with RRMS
to develop the mHealth app.

The following steps will be taken to achieve this objective:

1. Conduct a systematic review of the existing literature
on RRMS, including symptoms, and the role of physical

p

Phase 2: Evaluation of clinical
and cost-effectiveness of mHealth
app (ReMiT-MS app trial IT)

Phase 1a: Development of
mHealth app content
(ReMiT-MS app trial I)

Phase 1b: Pilot phase J

S

Figure 1: Study overview.
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rehabilitation in managing those symptoms. This
review can help to identify the most common symptoms
experienced by individuals with RRMS, as well as the
types of physical rehabilitation interventions that are
most effective for managing those symptoms.

2. Understanding Health Challenges and Rehabilitation
Practices of individuals with RRMS using a mixed-
methods approach:

o Quantitative: A cross-sectional study will be
conducted to identify the most prevalent physical
complaints experienced by individuals with RRMS;
to assess the effectiveness and limitations of current
rehabilitation practices used by this population;
and to gather valuable insights that will guide
the rationale for the development of a mHealth
application specifically tailored to effectively
address the challenges faced by individuals with
RRMS, with the ultimate goal of empowering
them to manage their condition and improve
their overall quality of life. The study will use the
total enumeration technique to study all eligible
individuals visiting the MS clinic for six months
from the first recruited patient. To be eligible for
the study, individuals with RRMS (as per McDonald
2017 criteria [18] diagnosed for more than six
months and under treatment, must meet the
following inclusion criteria: a) age 18 to 50, b) EDSS
score 0 to 4.5, c) clinical stability or free of relapse
for at least one month before study enrolment,
d) MMSE score equal to or more than 24, and e)
willingness to follow study procedures. Exclusion
criteria include not being on any disease-modifying
therapy, pregnancy and lactation, a diagnosis of
progressive forms of MS, chronic illness like TB,
HIV, and Hepatitis B & C and any chronic diseases
that affect physical activities.

o Qualitative: In-depth interviews will be conducted
to evaluate the lived experiences and rehabilitation
practices, among individuals with RRMS.
Participants will be selected using convenience
sampling, and the sample size will be decided
based on principles of redundancy (information
saturation). Only individuals who have consented
to voice recording will be recruited. Data analysis
will be done using Collaizzi’s method.

Prototype of the mHealth app content

o Basedontheresultsofsteps 1and 2, the prototype of the
mHealth app content, i.e.,, rehabilitation intervention
protocol will be developed. The rehabilitation
protocol for individuals with RRMS will emphasize
patient education and self-management information
in an audiovisual format. It will comprise exercise

https://doi.org/10.29328/journal.jnpr.1001060

rehabilitation approaches to improve muscle strength,
and coordination/balance, reduce muscle spasticity,
and education on fatigue and bladder management. The
tentative framework of mHealth-app content is given in
Table 1. The validity of the mHealth app content, i.e.,
rehabilitation intervention protocol, will be assessed
by 10-12 experts in the field of MS rehabilitation. As
per the expert opinion, modifications to the content
will be made. After that, videos of these procedures will
be developed. The finalized videos will be transferred
into a mobile app compatible with smartphones on
the Android platform with the help of a professional
technical expert. At the end of phase 1a (preliminary
phase), a preliminary app will be developed for testing
and refinement (Pilot study).

Phase 1b: Pilot phase: This phase of the study involves
the pilot phase, which aims to assess the usability of the
mHealth application. The study will involve a small group of
individuals with RRMS who meet the inclusion and exclusion
criteria mentioned in the study.

During the pilot phase, participants will be given access
to the mHealth app and will practice using it for a month.
The usability of the application will be evaluated using the
mHealth application usability questionnaire (MAUQ), for the
interactive mHealth app (patient version); which is a validated
questionnaire used to assess the usability of mHealth apps
specifically on mobile devices. The questionnaire will consist
of 21 items related to ease of use, interface and satisfaction,
and usefulness of the mHealth app. All items will be rated
on a 7-point Likert scale, with 1 representing strongly
disagree and 7 strongly agree. A higher score will indicate
the higher usability of the app [19]. The results of the pilot
phase will be used to identify any usability issues and areas
for improvement in the mHealth app. Based on the results
obtained from the pilot phase, additional modifications will
be made to the content and workflow of the app for the final
version ensuring that the final version of the mHealth app is
user-friendly, effective, and meets the needs of individuals
with RRMS for symptom management.

Phase 2: Evaluation of clinical and cost-effectiveness
of mHealth-app — A mixed method, pragmatic parallel,
open-labeled, randomized controlled trial. (ReMiT-MS
Il) (Figure-2)

Study objective: To evaluate the clinical and cost-
effectiveness of the ReMiT-MS app as a user-centered and
context-specific tool for the rehabilitation of MS symptoms in
individuals with RRMS.

Study design: This phase of the study would be a Pragmatic
Prospective Randomized Open labeled with a Blinded End-
point assessment (PROBE) design; the individuals with
relapsing MS will be randomized into 2 study groups (control
- routine care group and experimental - ReMiT-MS -app-
based exercise rehabilitation group).

www.rehabilityjournal.com 024
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Individuals with RRMS would be assessed for eligibility using screening
proforma, and enrolled for the study

Block randomization and allocation concealment will be done using
/ envelope method for the eligible subjects

§ J

Experimental group: subjects will be Control group: subjects will be allocated
allocated for ReMiT-MS app (n=55) for routine care (n=55)

§

At base line in both groups will be assessed for the primary and secondary outcome
\ measures by unbiased assessor

Allocation

Introduction of ReMiT-MS app for the
experimental group by the investigator

All the primary and secondary
outcome measures will be assessed
by unbiased assessor

Follow up will be done at 3™ and 6™, month interval
after recruitment in the study

Lost to follow up :

Follow up

Analysis and interpretation of the
findings

Analysis

Figure 2: Consort flow diagram of phase 2.

Table 1: Tentative framework of ReMiT-MS app content.
Feature content Description Purpose

1) Information provision Importance of physical rehabilitation in MS Education and Information

Exercise rehabilitation approaches:
2) Video demonstration with audio « Detailed video demonstration with instructions for each exercise according to the symptoms Demonstration of exercises.
* Progressively more difficult exercises to improve or maintain the physical status of health

3)Audio explanation Fatigue and bladder management Education and Information
4)Recorded exercises by participants Recordings were maintained on the calendar to review each session of exercises that were performed Monitoring
5) Motivational statements To improve adherence and reminder messages for exercises Motivation
6)Exercise diary Weekly record to allow reflection on exercise performance Self- monitoring

Table 2: Participant timeline.

Phases Methodology Duration & follow-up

Patient screening’
Patient information sheet about the study
Preliminary phase
yp The preliminary phase will be conducted over six months.
Informed consent . . . . . .
. . . . This phase is a brief one-time nonexperimental study design, thus no follow-
Quantitative - cross-sectional study - using data collection form. . .
Phase 1 - - . . . up is required.
(Devel hase) Qualitative - descriptive study - by semi-structured interview
evelopment phase -
Pilot phase
Informed consent One-month follow-up.
To assess the user-friendliness and assist in the final design of the app.
Informed consent
Phase 2 will be conducted over six months.
Phase 2 Block randomization - ReMiT-MS app-based intervention group and .
(Evaluation phase) routine care grou Baseline outcome measure assessment.
p group- Follow-up- 3" and 6" month post-intervention.
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Sample size: Pragmatic exercise compared to usual
care has shown a difference of 3 points in overall quality of
life (MSQOL-54), (A.M. Carter et al. / Contemporary Clinical
Trials 35 (2013) 40-47) [20]. In our study, we are comparing
comprehensive mHealth app-based exercise rehabilitation vs
routine care where an anticipated difference is 8-10 points. A
sample size of 46 subjects would be required in each arm to
show a difference of at least 10 points between the groups,
at 80% power and 5% significance level. Considering a 20%
attrition rate, we will recruit a total of 110 subjects, i.e., 55
subjects per arm.

Randomization and blinding: Individuals with RRMS (as
per McDonald 2017 criteria) will be screened and recruited
from the MS clinic of our center. After signing the informed
consent forms, the study participants will be randomized
into two groups, such as the routine care group (n = 55) and
the ReMiT-MS app-based exercise rehabilitation group (n =
55). To achieve equal size, permuted block randomization
with varying block sizes (2, 3, and 4) will be used. Allocation
concealment will be done using the opaque sealed envelope
method. The block randomization and allocation concealment
will be done by an independent researcher. This will be an
open-blinded study, only the assessors are blinded to the
treatment cluster of the participants.

Eligible criteria for phase 2: To be eligible for the study,
individuals with RRMS (as per McDonald 2017 criteria [18])
diagnosed for more than six months and under treatment,
must meet the following inclusion criteria: a) age 18 to 50,
b) EDSS score 0 to 4.5, ¢) clinically stable or relapse-free for
at least one month before enrolment, d) MMSE score more
than 24 e) willingness to follow study procedures and f)
Individuals must have a smartphone with internet facility and
should be competent as well as willing to use an app as health
care tool g) Must have a 20/70 or better in at least one eye on
Visual Acuity Test (VAT). Exclusion criteria include not being
on any disease-modifying therapy, pregnancy and lactation, a
diagnosis of progressive forms of MS, chronic illness like TB,
HIV, and Hepatitis B & C, and any chronic diseases that affect
physical activities. Individuals who have visual impairment
significantly affecting visibility will be excluded.

Interventions: Two in-home exercise programs will be
evaluated in this study: the control group will receive routine
care (exercise handout and logbook), while the experimental
group will receive ReMiT-MS app-based exercise rehabilitation
over six months; assessing effects in the 3™ and 6™ months.
Individuals will receive directions for an in-home exercise
program from an experienced physiotherapist and researcher
during the enrollment period of the study.

Exercise guideline

The guidelines of the US National MS Society
recommendations for exercise and physical activity will be
adapted [21]. Guidelines specify 2150 min/week of exercise

https://doi.org/10.29328/journal.jnpr.1001060

and/or 2150 min/week of lifestyle physical activity. Exercise
prescription, a variety of sets and repetitions to be completed
for every exercise will be prescribed one by one for each
participant, depending on their baseline assessments, and will
be modified and progressed according to individual abilities,
preferences, and safety. All modifications will be recorded.
Both groups will be advised to carry out similar exercise
rehabilitation measures, including exercises and physical
activity depending on their baseline assessment, for at least
five days per week (30 min a day) for six months.

Control group (routine care)

The control group will receive routine care based on
patient education by self-management, which includes
exercise handouts and a logbook. The handouts will describe
the exercise steps with pictures and progressively difficult
exercises. Individuals with RRMS and their caregivers will
be trained to undertake self-management for long-term care.
They will be advised to maintain a logbook to document the
exercise regimen and the time taken to accomplish each
exercise. There will be no restrictions for hospital revisits for
exercise modification.

Experimental
rehabilitation)

group (ReMiT-MS app-based

The experimental group (ReMiT-MS app) will receive
the app-based rehabilitation intervention. This app will be
used online and free of cost, available in Hindi and English.
The installation of the app on the participant’s phone will be
facilitated by the investigator. Subsequently, the investigator
will provide the username and password for the app login,
along with operational instructions and an explanation of
its features. Successful training will be defined as three or
more errorless attempts to retrieve any required part of
the intervention from the app. Individuals who are using
the app for the first time must first register. Then, they are
advised to complete a symptom-assessment questionnaire to
evaluate symptoms, leading to the opening of the symptom-
based exercise intervention page within the app. This section
will include textual files and audio-visual demonstrations
explaining each exercise, progressively increasing in difficulty.
The app also contains features such as an exercise diary,
educational resources, and contact details of the investigator.
The app will be linked to a mobile/website administrator
module accessible to the investigator, allowing for
performance tracking and protocol compliance monitoring.
Additionally, a member of the research team will conduct
monthly phone calls and bi-weekly reminder messages to
reinforce and encourage the benefits of exercise.

Concomitant care permitted during the trial

During the study, the individuals in the experimental group
will be advised to follow the ReMiT-MS app-based exercise
rehabilitation, and any queries regarding the exercises will
be sorted out via phone calls with the investigator to avoid

www.rehabilityjournal.com 026
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frequent hospital revisits. There will not be any restriction to
the control group to visit the hospital for exercise modification.
Further, there will not be any restrictions for hospital visits
for consultations with a physician in both groups.

Outcome measures: An unbiased assessor who is
unaware of the randomization and group assignment will
evaluate all outcome measures (baseline, post-intervention
at 3™ and 6™ month of recruitment). The detailed participant
timeline is given in Table 2.

Primary outcome measure:

1) Multiple  Sclerosis Quality of  Life-54
questionnaires (MSQOL-54) [22]: The MSQOL-54 is a
structured, self-reported questionnaire that will be completed
by the individual with very little or no assistance. As a disease-
specific measure, the MSQOL-54 reflects the overall impact
of the disease and rehabilitation intervention on individuals
with RRMS. The questionnaire has 54 items total, separated
into 12 multi-item scales and two single items. MSQOL-54
scale scores are constructed by averaging items across scales
and linearly transforming row scores to a scale of 0 -100 using
the Likert method. Higher values show a higher quality of life.

Secondary outcomes measures:

2) Multiple Sclerosis Functional Composite (MSFC):
The MSFC consists of three components that measure lower
and upper extremity function and cognition in turn: the Timed
25-foot Walk [T25-FW]), the 9-hole Peg Test [9-HPT], and
the Paced Auditory Serial Addition Test [PASAT]. The total
MSFC score is calculated by averaging the Z- scores for each
component. A change in cognition value of more than 0.5
standard deviation and a change in lower and upper extremity
function values of greater than 20% is considered clinically
meaningful [23].

3) Expanded disability status scale (EDSS): The
EDSS is used to evaluate MS-related disabilities and monitor
changes in disability levels over time. To calculate the EDSS
score, eight functional systems (FSs) (plus “other”) are
recognized [24]. The scale spans from 0 (normal neurological
exam) to 10, representing the most serious outcome, which is
death due to MS. It includes increments of 0.5-1.0, with higher
scores indicating higher levels of disability.

4) Physical activity: International Physical Activity
Questionnaires (IPAQ) [25]: Physical activity will be
measured with the long version of the International Physical
Activity Questionnaire (IPAQ). The questionnaire includes
self- administered 27 items to measure physical activity
participation during the previous seven-day period.

5) Modified Fatigue Impact Scale (MFIS) [26]: The
MFIS is a 21-item questionnaire that measures physical,
cognitive, and psychosocial fatigue, in individuals with MS.
Each item is graded on a 5-point Likert scale. A total score is

https://doi.org/10.29328/journal.jnpr.1001060

obtained by summing the scores for each item. Higher scores
indicate a higher level of fatigue experienced over two weeks.

6) Berg Balance Scale (BBS) [27]: BBS is a broadly
used clinical function test of an individual’s static and dynamic
balance abilities in a clinical setting. A score of <45 indicates
an increased risk of falling. The psychometric properties of
the scale have shown good intra- and inter-rater reliability in
an MS patient [28].

7) Cost-effectiveness of mHealth app-based
rehabilitation intervention: A bottom-up micro-costing
approach will be adopted to estimate the costs associated
with ReMiT-MS app-based exercise rehabilitation and the
routine care group. A societal perspective will be considered
for the costing, that comprehensively captures the costs
incurred. Individuals in both groups will be instructed to
maintain a diary; recording costs related to the management
of RRMS during the study period from the date of enrollment
to 6 months follow-up. Participants will be contacted once a
month to share their diary entries. These will include out-of-
pocket expenses associated with the management of RRMS.
The overall costs will be categorized into the following sub-
headings, namely Details of direct cost (expenditure incurred
on specialist consultation, hospitalization, laboratory tests
and other diagnostic procedures, medicines, and exercise
therapy equipment such as exercise ball, weight cuffs,
dumbbell, therabands, and non-elastic stretching belts).
Indirect costs (absence from work; lost wages; time spent
traveling between home and hospital and time spent in the
hospital; cost of transport, accommodation, and food) will be
collected. Additional costs related to persons accompanying
the participants (under the above heads) will also be
considered in the calculation. The cost incurred in purchasing
and maintaining the mobile phones will be excluded as these
are also used for other purposes in day-to-day routine life.
Cost-effectiveness analysis: Incremental cost-effective ratios
(ICERs) will be calculated for improvement in outcomes
and quality-adjusted life-years (QALYs) gained. For each
participant, ICER will be calculated by taking the per-
individual mean cost difference (intervention minus control)
and dividing it by the difference in their respective outcome
measures.

C Intervention A — C Intervention B
ICER=

E Intervention A — E Intervention B

Here ‘C’ and ‘E’ represent the cost and effectiveness in both
groups of CEA.

8) Participant experience: At the second follow-up visit,
only for the experimental group the qualitative interview
will be conducted to explore participant’s experiences of
using an app during a trial, as well as their willingness and
ability to continue using the app in their everyday lives will be
evaluated by subjective means through in-depth interviews.

www.rehabilityjournal.com 027



Methods, Pragmatic Randomized Controlled Trial - Study Protocol

Development and Evaluation of a mHealth app - (ReMiT-MS app) for Rehabilitation of Individuals with Relapsing-remitting Multiple Sclerosis - A Mixeh
3

The participants will be selected using convenience sampling,
and the sample size will be decided based on the principles of
redundancy (information saturation).

Data analysis plan

IBM® SPSS Statistics 25.0 will be used to analyze the
data. Descriptive statistics like number and proportion or
mean/median and standard deviation/inter-quartile range
will be calculated for the socio-demographic (age, sex, area
of residence, education, occupation, and income), clinical
(duration of disease, presence of comorbidity), rehabilitation
(mode and duration of rehabilitation) and baseline outcome
(QOL, Physical and Cognitive function) measures. The chi-
square test would be applied for categorical variables,
whereas the unpaired t-test or Mann-Whitney U test would
be used for continuous variables to check the between-group
difference in outcomes. Variables with p<0.1 in the univariate
analysis will be included in the multivariable logistic analysis
to assess the adjusted effect of mHealth app-based exercise
rehabilitation intervention on improving the QOL and the
effects will be presented as unadjusted and adjusted risk
ratios. P<0.05 will be considered as statistically significant.

Ethical consideration and dissemination

Allrelevantethical guidelines will be followed ateach phase
of the study. This study involves the education of individuals
with RRMS about exercise rehabilitation interventions to
manage impairments and disabilities. There will be strict
adherence to the principles of the Declaration of Helsinki.
The trial has been registered with the clinical trial registry of
India (CTRI/2022/09/045266 on 06/09/2022). The ethical
approval of the study has been taken from the institute ethics
committee, PGIMER, Chandigarh, India (Ethical clearance
number: (No: INT/IEC/2022/SPL-609; dated 25/5/2022),
which is an independent body. All individuals will be given
detailed facts about the study’s purpose and prerequisites.
The significance of adhering to the exercise program and
completing follow-up will be emphasized and a participant
information sheet will be given. Informed written consent will
be taken from the participants. Full autonomy will be provided
to the participants for withdrawing from the study at any time
without any adverse effects on their ongoing treatment at
the neurology clinic. Study records will be maintained with a
study identifier for each participant. The key to the identifier
list will be accessible to the research team only during the
study and will be recorded and retained by the principal
investigator after the study is completed. The publications
do not provide information about the identity of the patient.
The confidentiality and anonymity of the participants will
be ensured during the data collection and reporting of the
results of the study. The study findings will be published
in peer-reviewed journals. Participants will receive a lay
summary of the findings if they have elected to receive study-
level findings. The datasets used and/or analyzed during the
current study will be made available by the corresponding

https://doi.org/10.29328/journal.jnpr.1001060

author upon reasonable request and in agreement with the
research collaboration.

Modification of the study: All study-related changes will
be recorded, reported, and updated to the Institute Ethics
Board, and the online trial registry (CTRI) will be updated
accordingly. All the relevant changes will be informed to
participants. Additional consent will be sought if necessary
and documented.

Discussion

The proposed study aims to develop and evaluate a
user-centered and context-specific mHealth app for the
rehabilitation of individuals with relapsing-remitting multiple
sclerosis (RRMS). By leveraging the ubiquitous presence
of smartphones, the mHealth app offers an opportunity for
remote monitoring, scheduled interaction with experts, and
instruction for exercise in a home environment.

The study addresses the challenges faced in routine care
for individuals with MS, such as forgotten rehabilitation steps,
limited access to local experts, and internal and external
barriers to accessing care.

The study design consists of two phases. In Phase 1a, the
mHealth app content will be developed based on a systematic
review of the literature and an understanding of the health
challenges and rehabilitation practices of individuals with
RRMS. This phase will lay the foundation for the prototype of
the mHealth app. Then, in Phase 1b, the usability of the app
will be evaluated through a pilot study using the mHealth
application usability questionnaire (MAUQ). Feedback from
this phase will inform further modifications to the app’s
content and workflow.

Phase 2 of the study will evaluate the clinical and cost-
effectiveness of the ReMiT-MS app through a randomized
controlled trial. The trial design follows a pragmatic approach,
with individuals with RRMS randomized into two groups: the
control group receiving routine care and the experimental
group using the ReMiT-MS app-based exercise rehabilitation.
Various outcome measures will be assessed, including the
Multiple Sclerosis Quality of Life-54 questionnaire, Multiple
Sclerosis Functional Composite, Expanded Disability Status
Scale, physical activity levels, fatigue impact, balance, and cost-
effectiveness. Comprehensive mHealth app-based exercise
rehabilitation interventions described in the literature are
in various stages of development, and validation studies for
many of these apps are lacking. Given the low-cost potential of
this form of intervention, it should be tested in a low-resource
setting. The mHealth app is anticipated to be an effective
service delivery model for individuals with MS for exercise
rehabilitation measures, which may lead to improved quality
of life, better adherence to home exercise programs, and
maintaining or improving physical and cognitive function. It
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could therefore possibly lead to a reduction in the burden of
the chronic progressive nature of this disease.

The proposed study has several strengths. First,itaddresses
the unmet needs in routine care for individuals with RRMS,
particularly in resource-limited settings. By providing access
to a user-friendly mHealth app, the study aims to overcome
barriers related to forgotten rehabilitation steps and limited
access to experts. Second, the study design follows a rigorous
approach, including a mixed-methods development phase, a
pilot phase to assess usability, and a randomized controlled
trial to evaluate clinical and cost-effectiveness. Third, the
study incorporates both objective and subjective outcome
measures, allowing for a comprehensive assessment of the
app’s impact on various aspects of individuals’ lives, including
quality of life, physical and cognitive function, and cost.

However, the study also has limitations that need to
be acknowledged. Firstly, the mHealth app is specifically
designed for individuals with relapsing-remitting multiple
sclerosis (RRMS). The app focuses on assessing and managing
the symptoms associated with RRMS, but it cannot assess vital
signs or gait disturbances. Secondly, the study relies on self-
report measures for certain outcomes, which may introduce
bias. Efforts will be made to minimize this by using validated
questionnaires and maintaining blinding of assessors. Lastly,
the study duration is limited to six months, which may not
capture the long-term effects of the mHealth app intervention.

Trial status

Currently, we are recruiting patients for phase 2 of this
study and the process was started on August 10, 2023.

Conclusion

The proposed research aims to address the challenges in
routine care for individuals with RRMS by developing and
evaluating a user-centered and context-specific mHealth app.
The study design incorporates a mixed-methods approach for
app development, usability assessment, and a randomized
controlled trial to evaluate clinical and cost-effectiveness. The
findings of this study may have implications for providing
telerehabilitation and remote monitoring for individuals
with RRMS in resource-limited settings and could inform
the development of low-cost healthcare delivery models.
Furthermore, the research may contribute to advancements
in healthcare delivery not only in India but also in similar
settings worldwide.
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