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Abstract

Background: Multiple sclerosis (MS), is prevalent across many racial and ethnic groups, and
disproportionately impacts racially minoritized populations. Rehabilitation interventions are an
important component of comprehensive MS care. Yet, we do not know the extent to which MS
rehabilitation trials consider race and ethnicity in defining eligibility criteria, planning
recruitment strategies, selecting outcome measures, supporting intervention delivery, and

designing approaches to promote adherence and retention.

Methods: We conducted a scoping review of five databases (MEDLINE, CINAHL, Cochrane
Central, EMBASE, and Web of Science) to locate randomized controlled rehabilitation trials
published from January 2002 to March 2022. We extracted data from relevant studies, assessed
their methodological quality, and narratively summarized results. Reporting of this review isin
line with the Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for

Scoping Reviews (PRISMA-ScR).

Results: Fifty-six studies of neurorehabilitation (n=3), cognitive rehabilitation (n=6), exercise
training (n=9) and self-management (n=38) interventions were included in this review. The
studies were predominantly from North America (n=44; 73%) or Europe (n=12; 20%) and
included 4280 participants. Most participants (n=3669; 86%) were Caucasians. Less than 10% of
participants were Black (n=282), Latinx/Hispanic (n=60), Asian (n=46), Indigenous (n=7), or Arab
(n=2). Few studies discussed how race and/or ethnicity were considered in trial planning or

execution.



Conclusions: Without consistent and systematic attention to race and ethnicity, both in terms
of trial design and reporting, it is impossible to know how MS rehabilitation interventions will
translate into real-world applications. This call to action —to the MS rehabilitation research
community to ensure trial and intervention processes that accommodate the needs of diverse
racial and ethnic groups —is an important first step in addressing inequities in rehabilitation

care for persons with MS.

Keywords: Race, Ethnicity, Diversity, Multiple Sclerosis, Rehabilitation Trials, Review



1. Introduction

There is increasing awareness that multiple sclerosis (MS), long considered to primarily affect
White individuals of European descent, does in fact occur in many racial and ethnic groups *.
Epidemiological data gathered across diverse socioeconomic and ethnic groups highlight the
notable prevalence and incidence of MS among Blacks and Hispanics/Latinx, and higher odds
for developing MS in Black, Asian, and Minority Ethnic (BAME) groups compared to Whites 13,
These findings contradict previously held beliefs that these groups present as a low-risk
population for MS # >, and highlight the importance of considering genetic (non-modifiable) and

modifiable environmental factors in rehabilitation intervention research and planning.

Racially minoritized populations with MS experience health disparities in the diagnosis and
treatment of the disease. Studies report that Black persons with MS are less likely to have been
treated by a specialist neurologist or to have received care at an MS clinic ® 7. Other researchers
have reported that more Hispanics than non-Hispanics do not receive disease-modifying
therapies 8. This situation is unfortunate, as Black and Hispanic/Latinx persons with MS

%11 3 greater disease burden %14, 3 lower

experience a more rapid disease progression
medication adherence rate 1>, and are at an increased risk for morbidity and mortality 1 7.

These findings underscore the need for effective intervention strategies for these groups.

Ample evidence indicates that clinical research as an enterprise has often been plagued by the
under-representation of racial and ethnic minority groups in randomized controlled trials (RCTs)
18-28

—the backbone of whether and how most drugs and health interventions are introduced

into a health system. Indeed, in the literature specific to MS, some high-profile RCTs of drug



trials do not even report on race and ethnicity in their published manuscripts, likely concealing
the low enrollment of racially minoritized populations in these otherwise pivotal studies > 2°.
The evidence indicating differential responses and adherence to MS drugs across racial and
ethnic groups *> 3032 further highlights the importance of considering these factors in clinical

decision-making, including treatment efficacy and risk-benefit discussions 2°.

In the context of comprehensive MS care, nearly three decades of scientific enquiry support the
inclusion of rehabilitation interventions to reduce impairments (e.g., balance, fatigue), improve
activity (e.g., walking), and enhance participation (e.g., social engagement) for persons with MS
33,34 Rehabilitation is broadly described as an active, client-centred, and goal-oriented process

enabling recipients to maximize physical and mental functioning, and overall quality of life 3> 3,
Despite the importance of rehabilitation interventions for the well-being of all persons with MS
regardless of gender, disability level, and age, there has been very little apparent consideration
for race and ethnicity in the design of trials evaluating new interventions or indeed with respect

to interventions in routine clinical practice.

We need to understand the extent to which MS rehabilitation researchers recruit and include
racially and ethnically diverse representative samples, and report on race and ethnicity in their
trials. In addition, we need to explore whether MS rehabilitation researchers pay attention to
examining race and ethnicity as possible mediators/moderators of intervention outcomes, or

consider how these factors may influence intervention adherence.

Examining the effectiveness of interventions in general, without attention to effectiveness and

adherence across racial and ethnic groups, can disguise inequities (e.g., reduced sense of



belongingness among participants) in these interventions ?’. Researchers may inadvertently
perpetuate the assumption that research findings apply to all persons with MS when they do
not explicitly test this assumption. We contend that this presents a significant opportunity to
examine the extent to which persons from different racial and ethnic backgrounds respond
and/or adhere to rehabilitation interventions that are considered to be effective. Addressing
these knowledge gaps is a critical first step to advancing MS rehabilitation care. We must know
whether and how race and ethnicity are considered in MS rehabilitation trials to be able to set
priorities, correct inequalities, and ultimately ensure that rehabilitation interventions are fit for

the “whole person”, and for diverse MS communities.

We note upfront that “race” and “ethnicity” are each socially constructed terms that are not
rooted in biology 3’. In fact, a biological basis for race has been definitively debunked in the
scientific literature 349, In contrast to, but not totally independent of, biological ancestry and
genetic admixture, “race” and “ethnicity” are flexible, unstable, and contested concepts, often
driven by power (political, financial, etc.). Ethnicity, the state of belonging to a social group that

has a common national religious or cultural tradition #!, can include people of all races.

1.1. Review Question

Following a Population Concept Context (PCC) format, we sought to answer the following
research question: To what extent do MS rehabilitation trials consider race and ethnicity in
defining eligibility criteria, planning recruitment strategies, selecting outcome measures,
supporting intervention delivery, and designing approaches to promote adherence and

retention?



2. Methods

We used the methodological framework proposed by Arksey and O'Malley in 2005 %2, and
further refined by Levac et al., in 2010 * and the Joanna Briggs Institute ** to inform the
methodology of this scoping review. We registered our scoping review protocol in Open

Science Framework on 14 February 2022 (https://osf.io/m9qug). Reporting of this review is

in line with the Preferred Reporting Items for Systematic reviews and Meta-Analyses

extension for Scoping Reviews (PRISMA-ScR) #°.

2.1. Eligibility criteria

Participants: We included studies that focused on individuals diagnosed with MS regardless
of age, phenotype, or level of disability. Studies that did not report data from people with MS
separately from populations with other chronic neurological conditions (e.g., Parkinson’s

disease) were excluded.

Concept: We included studies describing any type of rehabilitation intervention, including but
not limited to, exercise interventions, cognitive rehabilitation, self-management etc. Studies

with interventions that were <3 weeks in duration were excluded “°.

Context: We included studies published from January 2002 to March 2022. This 20-year
period was chosen to encompass the earliest studies that first described racial and ethnic
differences in MS (e.g., Marrie et al., 13). Studies that were not published in English or that
did not mention race and/or ethnicity considerations in eligibility, recruitment, outcome

measurement, adherence or retention were excluded.


https://osf.io/m9qug

Types of studies: We included peer-reviewed RCTs i.e., feasibility (including pilots), efficacy,
and effectiveness trials, as well as protocols of RCTs. We chose to focus on RCTs because
they are considered the gold standard for evaluating the efficacy and effectiveness of
interventions . Conference abstracts, observational studies, systematic and non-systematic

literature reviews, case studies, opinion pieces, and letters to the editor were excluded.

2.2. Search strategy

We searched five commonly used databases in the health sciences — OVID MEDLINE,
EMBASE, CINAHL, Cochrane Central, and Web of Science — to locate relevant articles on MS
rehabilitation trials. A peer-reviewed search strategy *® was developed in collaboration with a
health sciences librarian with expertise in systematic reviews (AP). The preliminary search
through CINAHL was screened by the first author to refine the search terms and
inclusion/exclusion criteria. Finally, an update of the original search strategy was completed
by the librarian (AP) on 08 March 2022. The final search strategy as applied to OVID MEDLINE

is provided in Supplementary Material 1.

2.3. Study selection

Search results were imported into Covidence systematic review software (Veritas Health
Innovation, Melbourne, Australia) and duplicates were removed. A two-stage screening
process was used to select the final papers to include in this review. Studies were first
screened by title/abstract by two independent reviewers and eligible studies proceeded to

the second stage of review. In the second stage, full-text records were screened again using



the eligibility criteria. Full texts that were not available from the reviewers’ university library
were requested as interlibrary loans and added if they were found. Disagreements that arose
between the reviewers at each stage of the study selection process were resolved through

discussion.

2.4. Data extraction

We used a data-charting form adapted from the Joanna Briggs Institute guidance for the
conduct of systematic reviews #° for data extraction. This form was pilot tested by the first
author and a co-reviewer to ensure the data extraction was both comprehensive and
feasible. Data extraction was carried out by two independent reviewers. Disagreements that
arose between the reviewers during the data extraction process were resolved through

discussion. We extracted the following information from each article:

e (Citation (author, year, journal);

e Country in which the study was conducted;

e Study design and methods;

e Guidelines used in reporting study details (e.g., CONSORT);

e Inclusion/Exclusion criteria (list) and if race and ethnicity were considered (yes/no);

e Recruitment strategies (list) and if race and ethnicity were considered (yes/no);

e Participant characteristics (age, race, ethnicity, gender, MS phenotype). We did not
extract this information from a subset of articles that were protocols of yet-to-be-
completed/unpublished interventions;

e Qutcome measures used in data collection (list);
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e Intervention characteristics (focus, duration, number of sessions, delivery format);
e Adherence strategies (list) and if race and ethnicity were considered (yes/no); and

e Retention strategies (list) and if race and ethnicity were considered (yes/no)

2.5. Quality Assessment

A quality assessment of the included articles was performed following the guidelines
outlined in the Mixed Methods Appraisal Tool (MMAT) *°. The MMAT is a five-item appraisal
tool designed to review the methodological quality of quantitative, qualitative, and mixed
methods studies. Consistent with previous scoping reviews °!, we rated quality based on the
percentage of item criteria met by the studies that were appraised: very low (20%), low
(40%), moderate (60%), moderate-high (80%), and high (100%). Protocol papers were not
assigned a score, as these study types are not accounted for in the MMAT. Two independent
reviewers conducted quality assessments. Disagreements that arose between the reviewers

during the quality assessment process were resolved through discussion.

2.6. Data analysis

Data analysis involved a descriptive summary and narrative synthesis of the extracted
information. The narrative synthesis was undertaken by collating, summarizing, and
reporting on findings based on our initial research question 4> *3, As recommended by Levac
et al. %3, we concluded narrative synthesis with consideration of the implications of the study
within the broader context of research and practice, by providing recommendations to

advance the field of MS rehabilitation.



3. Results

After deduplication, we screened (titles and abstracts) 3101 citations and excluded 2230
irrelevant citations. We further excluded 803 articles (for 519, the lack of consideration of
race and ethnicity was the reason) at full-text review. Articles reporting data from the same
intervention at different time points were considered together. Consequently, 56 distinct
intervention studies reported in 68 articles were included in the review. The PRISMA-ScR

flow diagram in Figure 1 outlines the study selection process.

[Insert figure 1 here]

3.1 Description of included studies

The characteristics of the included studies are summarized in Table 1. The studies were
predominantly carried out in North America (n=40; 71%) >>°* or Europe (n=12; 21%) 22103,
and pu bllShEd between 2014-2019 (n=3 1'. 55%) 55-57, 59, 60, 62, 69, 70, 72, 74-76, 79-84, 86, 89-91, 93, 94, 96,
100-102,104-106 M ost of the studies were effectiveness or efficacy trials (n=36; 64%) >276, 90-92, 95
99,103,105, 106 Aphout a third of the studies utilized waitlist (n=18; 32%) 5% >3- 58 63, 68,73, 76, 78, 80-82,
84, 85, 88, 92, 93, 101, 105 or active co ntrol (n=18,' 32%) 57, 60, 65-67, 69-72, 75, 87, 91, 94, 95, 97, 99, 104, 106 groups.
Most of the studies included a CONSORT flow diagram (n=40; 71%) > >3, 57-60, 62-65, 67, 68, 70, 73-77,
79, 80, 82, 84-90, 92-96, 98-100, 104—107' but onIy six (11%) StUdiES 55, 56, 78, 91, 101, 103 epricitIy Stated the
use of CONSORT reporting guidelines. Study quality ranged from moderate to high, with the
majority of studies appraised as high (n=27;48%), followed by moderate-high (n=11; 20%),

and moderate (n=8; 14%).
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[Insert Table 1 here]

3.2. Description of participant eligibility criteria and recruitment strategies

Table 2 summarizes eligibility criteria and recruitment strategies utilized across the included
studies. The eligibility criteria were widely diverse across the studies. Potential participants
were considered eligible based on several factors that reflect social determinants of health,
including age (e.g., 18-60 years old); geographical location (e.g., residing near a large MS
clinical center for receipt of intervention), language (e.g., reads, speaks, and understand
English), or absence of comorbidity (e.g., depressive symptoms). Two protocol studies 7% 10
reported race and ethnicity considerations in defining eligibility criteria. No studies reported
the race and/or ethnicity of excluded individuals. Most studies (n=39; 70%) used a
combination of two or more recruitment strategies. The most used combined strategies
were recruiting through MS clinics and MS organizations (n=12; 21%) 67 68 72,74, 88, 94,95, 57, 100,
102104 Of the remaining 17 studies that used a single recruitment strategy, the most common

strategy was recruiting through MS clinics (n=11; 20%) > > 60, 62, 65,77, 79, 80, 30, 91, 39

[Insert Table 2 here]

3.3. Description of enrolled participants

The characteristics of the enrolled participants are summarized in Table 3. Across the studies
(excluding nine protocols > >® 69, 71,72,97,100, 106, 107) ‘the total number of participants was
4280, with a sample size ranging between 14 78 and 449 ®8. The mean/median age of
participants ranged between 37 1% and 65 8 years. The participants predominantly were
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females (n=3240; 76%) with relapsing-remitting MS (n=2239; 52%). More than half of the
participants (n=3669; 86%) were White or Caucasians, included in 45 studies. A small number
of participants were Black (n=282; 7%), included in 24 studies 5% 5% 57-64, 66, 67, 73,74, 76-78, 82, 83, 85,
88,90,98,108 About 1% of the participants were Latinx/Hispanic (n=60) or Asian (n=47),
included in 15 52,57, 59, 61, 63, 66, 67, 73, 74, 77, 82, 83, 90, 91, 109 and nine 52, 61, 66, 67, 73, 77, 90, 98, 105 studies,
respectively. Less than 1% of the participants were Indigenous (n=7), included in three

studies > 6782 or Arab (n=2), included in one study °2.

[Insert Table 3 here]

3.4. Description of interventions, outcome measures, and approaches to promote adherence

and retention

As shown in Table 1, interventions focused mostly on self-management/behaviour change
(n=38; 68%) and involved the use of individual (n=35; 63%), face-to-face (n=22; 39%) delivery
format. Interventions were typically delivered over a period of 6-12 weeks (n=38; 68%) with
session length ranging between 30-60 minutes per session (n=25; 45%). One protocol study
2included a plan to analyze the heterogeneity of intervention effects in a racially diverse

sample.

Five broad categories of outcome measures were reported across the 56 studies including
those at the level of impairment (e.g., fatigue, pain, balance, cognition etc.; n=42); activity
(e.g., walking speed, transfers; n=13); participation (e.g., personal goals, household activities;

n=17); health service utilization (e.g., use and cost of health care services, homecare use;
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n=5); and personal factors (e.g., self-efficacy, motivation; n=25). Most of the studies (n=30;
54%) included >2 outcome categories. No studies explicitly reported whether race and/or
ethnicity were considered in selecting outcome measures (e.g., by reporting psychometric

properties among racially or ethnically diverse groups).

More than half of the studies did not report approaches to promote adherence (n=33; 60%)
or retention (n=38; 68%). Of the 22 studies that reported approaches to promote adherence,
eight studies used logbooks/diaries > 6% 70, 79,84, 85,90, 97 sjx studies used follow-up calls >7- &
78, 89,108,109 3nd four studies used reminder calls/text messages 8 77: 104107 Fjye studies used
a combination of strategies including logbooks and review of practice activities °® 11; follow-
up calls and logbooks *'*; reminders, logbooks, and follow-up calls *'%; and follow-up calls,
education, reminders, and logbooks’2. Of the 18 studies that reported approaches for
promoting retention, financial incentive was used in 13 (23%) studies >> 6 60, 67,69,72,73, 81, 85,
86,88, 83,98 No studies explicitly reported considering race and ethnicity in selecting

approaches for promoting adherence and/or retention.

4, Discussion

We undertook this scoping review to better understand the current state of knowledge relative
to the representation of racially and ethnically diverse groups in trials of MS rehabilitation
interventions. Only 56 out of 871 (6%) full text studies reviewed provided information about
race and/or ethnicity over a 20-year period, reflecting limited consideration of this important
topic within the domain of MS rehabilitation interventions. Across the studies, data relating to

racial and ethnic minorities were significantly under-reported, most likely indicating under-
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representation of these minority groups. White individuals accounted for 86% (n=3669) of the
participants in over 80% (n=45) of the interventions. Below we summarize key findings and
knowledge gaps, and make recommendations for future work to advance the field of MS

rehabilitation.

4.1. Key findings and knowledge gaps

Despite increasing awareness that MS is prevalent across many racial and ethnic groups 13, we
found little targeted recruitment of non-White participants into the studies included in this
review. This finding is consistent across the general health literature 13115 exercise trials in
populations with various neurological conditions ¢, and MS drug trials 2> 2°, and highlights the
possible limitations of traditional strategies for recruiting racial and ethnic minority groups into
MS rehabilitation trials. Specifically, studies in this review recruited predominantly through MS
clinics and/or MS organizations, thereby excluding people who are not able to access these
services. Further, studies had eligibility criteria that tended to exclude people based on social
determinants of health. Indeed, some studies targeted people based on geographical location
(e.g., residing near a large MS clinical center for receipt of interventions), language eligibility
(e.g., reads, speaks and understand English), or absence of comorbidity (e.g., depressive
symptoms). The use of such eligibility criteria has important implications for the generalizability

of interventions evaluated in MS rehabilitation trials.

We know that racial, ethnic, and sociodemographic characteristics are significantly associated
with lack of geographic proximity to rehabilitation centers 1’. We also know that the

prevalence of comorbidities in non-White individuals, including those with MS is higher than
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among White individuals 18, and that racial and ethnic minority groups with MS experience
lower engagement in health behaviours 1°. Taken together, these findings suggest that MS
rehabilitation researchers may be implicitly excluding non-White individuals who are largely
underserved by healthcare systems, have limited access to services, and likely have the most to

gain clinically from rehabilitation interventions.

We found that knowledge about the effect of race and ethnicity on rehabilitation outcomes and
intervention adherence in people with MS is virtually non-existent. Only one protocol study 72
planned to examine the heterogeneity of treatment effect in a racially diverse sample in order
to understand for whom the intervention is effective. Studies in people with other chronic
health conditions have shown that race and/or ethnicity can affect treatment outcome,
adherence, and maintenance of treatment effect 120122, Reporting the race and ethnicity of
enrolled participants without examining the possible mediating or moderating effects that
these variables have on intervention outcomes or adherence creates an immediate challenge
for researchers and clinicians in the field to evaluate rehabilitation treatments that are effective
for all people with MS. Given the disproportionate impact of MS on racial and ethnic minority
groups > %1617 and the importance of rehabilitation for improving key outcomes for all people
with MS 33, “evidence-based” interventions that have generalizability and applicability across a
diverse range of racial and ethnic groups, are a critical first step to addressing existing

disparities in MS patient care.
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4.2. Recommendations for future work to advance the field of MS rehabilitation

Herein, we provide recommendations to advance MS rehabilitation research. First, we
recognize that researchers may need to grapple with a complex interplay of factors relative to
recruitment and enrollment of non-White populations, such as links to relevant community
networks (e.g., faith-based organizations), historical mistreatment of non-White people in past
trials, cultural competency of researchers, and additional resources beyond what is typically
required for recruitment 2® 123124 However, we believe that a significant opportunity exists for
MS rehabilitation researchers to optimize the recruitment and enrollment of diverse racial and
ethnic groups. This can be done by incorporating best practices, as outlined, for example, in
recently developed recruitment toolkits and frameworks 123 125126 3longside resources
specifically developed to address health inequalities (e.g., The For Equity Guidance Inventory —

FOR-EQUITY https://forequity.uk/guidance-inventory/).

Such practices include, but are not limited to, embedding input from members of target
communities into trial materials and processes (e.g., building input from racial and ethnic
minority groups with MS into the recruitment strategy and/or piloting materials and
procedures with them), offering written and spoken aspects of MS rehabilitation interventions
in a language other than English, and using interventionists drawn from the target cultural
communities. We urge the MS rehabilitation research community to focus on identifying
meaningful ways of working holistically to address individual and external factors that impede
participation of racial and ethnic minorities with MS in rehabilitation trials. The emphasis on

patient and public involvement in research 1%/, as seen for example, in the TEAMS trial 7% 128
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aligns with this recommendation. As with other researchers 124, we highlight the potential for
radical collaborations between the MS rehabilitation research community and community
organizations (e.g., The Centre for Ethnic Health Research, UK; Multiple Sclerosis Minority
Research Engagement Partnership Network of the Accelerated Cure project, US etc.), whose
remit is to promote research that reduces ethnic health inequalities. Such collaborations will
allow rehabilitation researchers to further leverage available expertise to develop innovative

trial and intervention processes fit for diverse racial and ethnic groups with MS.

Second, we call on the MS rehabilitation research community, and to funders to support them,
in prioritizing the conduct of larger global, multisite (with inclusion of cross-national enrollment
sites), pragmatic trials that include a wider range of participants. Despite ever increasing ethnic
diversity in Europe and North America due to international migration, we must acknowledge
the inherent bias that is introduced when studies (93% of all included in this review) are
conducted in regions where the majority of the population are White. There is an urgent need
for the conduct of global MS trials. It is only by ensuring recruitment at sites across countries in
which individuals from Black, Latina/Hispanic, Asian, Arab or Indigenous racial and ethnic
groups predominate, that better representation of those considered a “minority” in Europe and
North America can be achieved. Despite the complexity of conducting global, multisite,
pragmatic trials, such a design will maximize generalizability and applicability, and will provide
opportunities for conducting subgroup analyses to understand how diverse racial and ethnic
groups affected by MS respond to treatment 7> 124, Here again, the MS rehabilitation research
community must consider opportunities to invest in improving the local research infrastructure,

integrating diverse patient perspectives into trial design and processes and training
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investigators and research staff in Lower and Middle Income Countries where Black,
Latina/Hispanic, Asian, Arab or Indigenous racial and ethnic groups are part of the population
majority. We believe that doing so will generate valuable insights to inform the selection of
meaningful outcome measures, support intervention delivery, and ensure appropriate

approaches to promote adherence and retention.

Finally, although MS rehabilitation researchers tend to incorporate aspects of reporting
guidelines (e.g., CONSORT %°), which advocate reporting baseline demographic and clinical
characteristics for each group in an RCT, it is important to note that the CONSORT statement
does not specify how race and ethnicity variables should be captured and described. The
recently developed CONSORT-Equity 2017 %39, an extension to CONSORT, provides guidelines to
improve the reporting of items specific to health equity (e.g., socioeconomic status and
ethnicity) in RCTs. We urge the MS rehabilitation research community (including
methodologists, trialists, journal editors etc.) to endorse and adopt the use of these guidelines

in future MS rehabilitation trials.

We recognize that health equity is multidimensional, and therefore, propose that the MS
rehabilitation research community converge on the most important sociodemographic
characteristics that should be reported (e.g., in an updated checklist) in MS rehabilitation trials.
The use of the GRADE Equity Guidelines 13! may support these efforts by ensuring appropriate
consideration of health equity in checklist development, and ultimately promoting relevance
for target populations. Importantly, such a checklist would assist in examining crucial

relationships between sociodemographic variables, including race and ethnicity, and
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intervention outcomes 13, further promoting consistency across MS rehabilitation trials. Given
the inherent complexity of rehabilitation trials, consideration of social and cultural contexts,
aligned to program theories is warranted to facilitate intervention reach, and an understanding

of when specific interventions need further adaptation, to ensure fit for the target population

132

4.3. Limitations

This review has several limitations that warrant consideration. First, we focused on RCTs
without including other designs. Although RCTs are considered the gold standard for
effectiveness research #/, the strategy could have reduced the number of included studies for
this review. We are aware of only two pilot feasibility studies 133 134, using one-group pretest-
posttest design, that examine a self-management/behaviour change intervention for Blacks
with MS. Whilst there may well be published qualitative or observational studies that provide
an indication of ways in which rehabilitation could be more inclusive of the MS population, we
argue that these approaches should also be considered in RCTs where there is the greatest

potential impact on health services delivery.

Second, we included only English-language articles, due to a lack of resources for translation.
There is a possibility that studies that should have been included in the review were omitted
(e.g., those from countries where Black, Latina/Hispanic, Asian, Arab or Indigenous racial and
ethnic groups predominate and/or where English is not the language of communication).

Findings may be different if we included such studies. However, research indicating that the
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exclusion of non-English studies across Cochrane reviews did not significantly alter findings *3°,

suggests that this is unlikely to be a key issue.

Finally, since there is no unified definition for MS rehabilitation, the applied definition could
have excluded studies that others might consider as rehabilitation intervention trials. We

attempted to minimize this risk by working with an experienced health sciences librarian to
generate comprehensive search terms, and utilizing multiple search databases that provide

broad coverage of the rehabilitation sciences.

5. Conclusion

Given the disproportionate burden of MS among non-White individuals with MS, we call on the
MS rehabilitation research community, and to funders, to pay attention to ensuring that trial
and intervention processes accommodate the needs of diverse racial and ethnic groups both in
terms of design and their reporting. Doing so will ensure that interventions are generalizable
and applicable across diverse groups affected by MS, and further help to address some of the

inequities in rehabilitation care for these individuals.

Author contributions: Afolasade Fakolade: Conceptualization, Data curation, Supervision,
Writing — original draft, Writing — review & editing. Nadine Akbar: Data curation, Supervision,
Writing — review & editing. Sumaya Mehelay: Data curation, Writing — original draft, Writing —
review & editing. Siona Phadke: Data curation, Writing — original draft, Writing — review &
editing. Matthew Tang: Data curation, Writing — original draft, Writing — review &

editing. Ashwaq Algahtani: Data curation, Writing — review & editing. Abdul Kareem

20



Pullattayil: Data curation, Methodology, Writing — review & editing. Monica
Busse: Conceptualization, Writing — original draft, Writing — review & editing. All authors have

read and agreed to the published version of the manuscript.

Statements and Declarations

Funding: This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Competing interests: The authors declare that they have no conflict of interest.

Ethical standard statement: Ethical approval was not required since this manuscript does not

contain patient or animal data.

21



References

1.

10.

11.

Langer-Gould A, Brara SM, Beaber BE, Zhang JL. Incidence of multiple sclerosis in multiple
racial and ethnic groups. Neurology. 2013;80(19):1734-1739.

Romanelli RJ, Huang Q, Lacy J, Hashemi L, Wong A, Smith A. Multiple sclerosis in a multi-
ethnic population from Northern California: a retrospective analysis, 2010—-2016. BMC
Neurology. 2020;20(163).

Dobson R, Jitlal M, Marshall CR, Noyce AJ, Robson J, Cuzick J, Giovannoni G. Ethnic and
socioeconomic associations with multiple sclerosis risk. Annals of neurology.
2020;87(4):599-608.

Rosati G. The prevalence of multiple sclerosis in the world: an update. Neurological
sciences. 2001;22(2):117-139.

Noonan CW, Williamson DM, Henry JP, Indian R, Lynch SG, Neuberger JS, Schiffer R,
TrottierJ, Wagner L, Marrie RA. The prevalence of multiple sclerosisin 3 US communities.
Prev Chronic Dis. 2010;7(1):A12.

Rivas-Rodriguez E, Amezcua L. Ethnic considerations and multiple sclerosis disease
variability in the United States. Neurologic clinics. 2018;36(1):151-162.

Buchanan RJ, Zuniga MA, Carrillo-Zuniga G, Chakravorty BJ, Tyry T, Moreau RL, Huang C,
Vollmer T. Comparisons of Latinos, African Americans, and Caucasians with multiple
sclerosis. Ethnicity & disease. 2010;20(4):451-457.

Rivera V, Repovic P, Adeyemi A, Altincatal A, Perez-Bajandas C, Saldana-King T, Castro-
Borrero W. Sociodemographic and Clinical Characteristics of Patients With Multiple
Sclerosis by Race and Ethnicity (NARCRMS Registry)(1703). Neurology. 2021:96 (15
Supplement).

Kister I, Chamot E, Bacon J, Niewczyk P, De Guzman R, Apatoff B, Coyle P, Goodman A,
Gottesman M, Granger C. Rapid disease course in African Americans with multiple
sclerosis. Neurology. 2010;75(3):217-223.

Koffman J, Gao W, Goddard C, Burman R, Jackson D, Shaw P, Barnes F, Silber E, Higginson
1J. Progression, symptoms and psychosocial concerns among those severely affected by
multiple sclerosis: a mixed-methods cross-sectional study of black Caribbean and white
British people. PLoS One. 2013;8(10):e75431.

Ventura RE, Antezana AO, Bacon T, Kister |. Hispanic Americans and African Americans
with multiple sclerosis have more severe disease course than Caucasian Americans.
Multiple Sclerosis Journal. 2017;23(11):1554-1557.

22



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Gray-Roncal K, Fitzgerald KC, Ryerson LZ, Charvet L, Cassard SD, Naismith R, Ontaneda D,
Mahajan K, Castro-Borrero W, Mowry EM. Association of Disease Severity and
Socioeconomic Status in Black and White Americans With Multiple Sclerosis. Neurology.
2021;97(9):e881-e889.

Marrie R, Cutter G, Tyry T, Vollmer T, Campagnolo D. Does multiple sclerosis—associated
disability differ between races? Neurology. 2006;66(8):1235-1240.

Petracca M, Palladino R, Droby A, Kurz D, Graziano N, Wang K, Riley C, Howard J, Klineova
S, Lublin F. Disability outcomes in early-stage African American and White people with
Multiple Sclerosis. Multiple Sclerosis and Related Disorders. 2023;69:104413.

Lafata JE, Cerghet M, Dobie E, Schultz L, Tunceli K, Reuther J. Measuring adherence and
persistence to disease-modifying agents among patients with relapsing remitting multiple
sclerosis. Journal of the American Pharmacists Association. 2008;48(6):752-757.

Amezcua L, McCauley JL. Race and ethnicity on MS presentation and disease course.
Multiple Sclerosis Journal. 2020;26(5):561-567.

Briggs FBS, Hill E, Abboud H. The prevalence of hypertension in multiple sclerosis based
on 37 million electronic health records from the United States. European Journal of
Neurology. 2021;28(2):558-566.

Wright N-M. BAME underrepresentation in clinical trials. British Journal of Cardiac
Nursing. 2020;15(9):1-5.

King Jr TE. Racial disparities in clinical trials. Vol 346: Mass Medical Soc; 2002:1400-1402.

Ford ME, Siminoff LA, Pickelsimer E, Mainous AG, Smith DW, Diaz VA, Soderstrom LH,
Jefferson MS, Tilley BC. Unequal burden of disease, unequal participation in clinical trials:

solutions from African American and Latino community members. Health & social work.
2013;38(1):29-38.

Luebbert R, Perez A. Barriers to clinical research participation among African Americans.
Journal of Transcultural Nursing. 2016;27(5):456-463.

Oh SS, Galanter J, Thakur N, Pino-Yanes M, Barcelo NE, White MJ, de Bruin DM, Greenblatt
RM, Bibbins-Domingo K, Wu AH. Diversity in clinical and biomedical research: a promise
yet to be fulfilled. PLoS medicine. 2015;12(12):e1001918.

Knepper TC, McLeod HL. When will clinical trials finally reflect diversity? Nature.
2018:157-159.

Pimentel Maldonado DA, Moreno A, Williams MJ, Amezcua L, Feliciano S, Williams A,
Machemer D, Livingston T, LaRocque M, Glim M. Perceptions and preferences regarding

23



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

multiple sclerosis research among racial and ethnic groups. International Journal of MS
Care. 2021;23(4):170-177.

Mateen FJ. Is It Time for Quotas to Achieve Racial and Ethnic Representation in Multiple
Sclerosis Trials? Frontiers in Neurology. 2021;12:680912.

Robers MV, Soneji D, Amezcua L. Multiple sclerosis treatment in racial and ethnic
minorities. Pract Neurol. 2020;10(10.1377):1.

Clark LT, Watkins L, Pifia IL, ElImer M, Akinboboye O, Gorham M, Jamerson B, McCullough
C, Pierre C, Polis AB. Increasing diversity in clinical trials: overcoming critical barriers.
Current problems in cardiology. 2019;44(5):148-172.

Bodicoat DH, Routen AC, Willis A, Ekezie W, Gillies C, Lawson C, Yates T, Zaccardi F, Davies
MJ, Khunti K. Promoting inclusion in clinical trials—a rapid review of the literature and
recommendations for action. Trials. 2021;22(1):1-11.

Onuorah H-M, Charron O, Meltzer E, Montague A, Crispino A, Largent A, Lucas A, Freeman
L. Enrollment of non-White participants and reporting of race and ethnicity in phase Il
trials of multiple sclerosis DMTs: a systematic review. Neurology. 2022;98(9):e880-e892

Ochi H, Fujihara K. Demyelinating diseases in Asia. Current Opinion in neurology.
2016;29(3):222-228.

Ramamoorthy A, Pacanowski M, Bull J, Zhang L. Racial/ethnic differences in drug
disposition and response: review of recently approved drugs. Clinical Pharmacology &
Therapeutics. 2015;97(3):263-273.

Saidenberg L, Silverman GJ, Arbini AA, I. K. African American patients with MS/NMQOSD
have more rapid B-cell repopulation than white patients following infusion of anti-CD20
B-cell depleting therapy. 73rd American Academy of Neurology Annual Meeting.

Khan F, Amatya B. Rehabilitation in Multiple Sclerosis: A Systematic Review of Systematic
Reviews. Archives of Physical Medicine and Rehabilitation. 2017;98(2):353-367.

VollmerT, Benedict, R., Bennett, S., Motl, R., White, A., Bombardier, C., Herbet, J. Exercise
as prescriptive therapy in multiple sclerosis: A consensus conference white paper.
International Journal of MS Care. 2012;14(S3):2-14.

Hinrichs J, Finlayson M. An overview of multiple sclerosis rehabilitation. In: Finlayson M,
ed. Multiple sclerosis rehabilitation: From impairment to participation. Boca Raton, FL:
CRC Press; 2012:43-68.

Levack WMM, Rathore FA, Pollet J, Negrini S. One in 11 Cochrane Reviews Are on
Rehabilitation Interventions, According to Pragmatic Inclusion Criteria Developed by

24



37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

Cochrane Rehabilitation. Archives of physical medicine and rehabilitation.
2019;100(8):1492-1498.

Hartigan Jr J. Is race still socially constructed? The recent controversy over race and
medical genetics. Science as culture. 2008;17(2):163-193.

Boyd RW, Lindo EG, Weeks LD, McLemore MR. On racism: a new standard for publishing
on racial health inequities. Health Affairs Blog. 2020;10(10.1377).

Ford CL, Airhihenbuwa CO. The public health critical race methodology: praxis for
antiracism research. Social science & medicine. 2010;71(8):1390-1398.

Gannon M. Race is a social construct, scientists argue. Scientific American. 2016;5:1-11.

Vargas ED, Winston NC, Garcia JA, Sanchez GR. Latina/o or Mexicana/o? The relationship
between socially assigned race and experiences with discrimination. Sociology of Race
and Ethnicity. 2016;2(4):498-515.

Arksey H, O'Malley L. Scoping studies: towards a methodological framework.
International journal of social research methodology. 2005;8(1):19-32.

Levac D, Colquhoun H, O’Brien KK. Scoping studies: advancing the methodology.
Implement Sci. 2010;5(1):1-9.

Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, Mclnerney P, Godfrey
CM, Khalil H. Updated methodological guidance for the conduct of scoping reviews. JB/
Evidence Implementation. 2021;19(1):3-10.

Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, Moher D, Peters MD,
Horsley T, Weeks L. PRISMA extension for scoping reviews (PRISMA-ScR): checklist and
explanation. Annals of internal medicine. 2018;169(7):467-473.

Dennett R, Madsen LT, Connolly L, Hosking J, Dalgas U, Freeman J. Adherence and drop-
out in randomized controlled trials of exercise interventions in people with multiple
sclerosis: A systematic review and meta-analyses. Multiple Sclerosis and Related
Disorders. 2020;43:102169.

Hariton E, Locascio JJ. Randomised controlled trials - the gold standard for effectiveness
research. BJOG: An International Journal of Obstetrics &amp; Gynaecology.
2018;125(13):1716-1716.

McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. PRESS Peer
Review of Electronic Search Strategies: 2015 Guideline Statement. Journal of Clinical
Epidemiology. 2016;75:40-46.

25



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Peters MD, Godfrey CM, Khalil H, Mclnerney P, Parker D, Soares CB. Guidance for
conducting systematic scoping reviews. JBI Evidence Implementation. 2015;13(3):141-
146.

Hong QN, Fabregues S, Bartlett G, Boardman F, Cargo M, Dagenais P, Gagnon M-P,
Griffiths F, Nicolau B, O’Cathain A. The Mixed Methods Appraisal Tool (MMAT) version
2018 for information professionals and researchers. Education for information.
2018;34(4):285-291.

Bruno N, Richardson A, Kauffeldt KD, Tomasone JR, Arbour-Nicitopoulos K, Latimer-
Cheung AE. Exploring experiential elements, strategies and outcomes of quality
participation for children with intellectual and developmental disabilities: A systematic
scoping review. Journal of Applied Research in Intellectual Disabilities. 2022;35(3):691-
718.

Bombardier CH, Cunniffe M, Wadhwani R, Gibbons LE, Blake KD, Kraft GH. The Efficacy of
Telephone Counseling for Health Promotion in People With Multiple Sclerosis: A
Randomized Controlled Trial. Archives of Physical Medicine and Rehabilitation.
2008;89(10):1849-1856.

Bombardier CH, Ehde DM, Gibbons LE, Wadhwani R, Sullivan MD, Rosenberg DE, Kraft
GH. Telephone-based physical activity counseling for major depression in people with
multiple sclerosis. Journal of consulting and clinical psychology. 2013;81(1):89-99.

Egner A, Phillips VL, Vora R, Wiggers E. Depression, fatigue, and health-related quality of
life among people with advanced multiple sclerosis: results from an exploratory
telerehabilitation study. NeuroRehabilitation. 2003;18(2):125-133.

Ehde DM, Alschuler KN, Day MA, Ciol MA, Kaylor ML, Altman JK, Jensen MP. Mindfulness-
based cognitive therapy and cognitive behavioral therapy for chronic pain in multiple
sclerosis: a randomized controlled trial protocol. Trials. 2019;20(1):1-12.

Ehde DM, Alschuler KN, Sullivan MD, Molton IP, Ciol MA, Bombardier CH, Curran MC,
Gertz KJ, Wundes A, Fann JR. Improving the quality of depression and pain care in multiple

sclerosis using collaborative care: the MS-care trial protocol. Contemporary clinical trials.
2017;64:219-229.

Ehde DM, Elzea JL, Verrall AM, Gibbons LE, Smith AE, Amtmann D. Efficacy of a Telephone-
Delivered Self-Management Intervention for Persons With Multiple Sclerosis: A
Randomized Controlled Trial With a One-Year Follow-Up. Archives of physical medicine
and rehabilitation. 2015;96(11):1945-1958.

Finlayson M, Preissner K, Cho C, Plow M. Randomized trial of a teleconference-delivered
fatigue management program for people with multiple sclerosis. Multiple sclerosis
(Houndmills, Basingstoke, England). 2011;17(9):1130-1140.

26



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Goverover Y, Chiaravalloti N, Genova H, DelLuca J. A randomized controlled trial to treat
impaired learning and memory in multiple sclerosis: the self-GEN trial. Multiple Sclerosis
Journal. 2018;24(8):1096-1104.

Hugos CL, Chen Z, Chen Y, Turner AP, Haselkorn J, Chiara T, McCoy S, Bever CT, Jr.,
Cameron MH, Bourdette D, Group VMFS. A multicenter randomized controlled trial of
two group education programs for fatigue in multiple sclerosis: Short- and medium-term
benefits. Multiple sclerosis (Houndmills, Basingstoke, England). 2019;25(2):275-285.

Jeong IC, Karpatkin H, Finkelstein J. Physical Telerehabilitation Improves Quality of Life in
Patients with Multiple Sclerosis. Studies in health technology and informatics.
2021;284(ck1, 9214582):384-388.

Martini DN, Zeeboer E, Hildebrand A, Fling BW, Hugos CL, Cameron MH. ADSTEP:
Preliminary Investigation of a Multicomponent Walking Aid Program in People With
Multiple Sclerosis. Archives of physical medicine and rehabilitation. 2018;99(10):2050-
2058.

Mathiowetz VG, Finlayson ML, Matuska KM, Chen HY, Luo P. Randomized controlled trial
of an energy conservation course for persons with multiple sclerosis. Multiple sclerosis
(Houndmills, Basingstoke, England). 2005;11(5):592-601.

McAuley E, Motl RW, Morris KS, Hu L, Doerksen SE, Elavsky S, Konopack JF. Enhancing
physical activity adherence and well-being in multiple sclerosis: a randomised controlled
trial. Multiple sclerosis (Houndmills, Basingstoke, England). 2007;13(5):652-659.

Miller DM, Moore SM, Fox RJ, Atreja A, Fu AZ, Lee J-C, Saupe W, Stadtler M, Chakraborty
S, Harris CM, Rudick RA. Web-based self-management for patients with multiple sclerosis:
a practical, randomized trial. Telemedicine journal and e-health : the official journal of the
American Telemedicine Association. 2011;17(1):5-13.

Mohr DC, Classen C, Barrera M. The relationship between social support, depression and
treatment for depression in people with multiple sclerosis. Psychological Medicine.
2004;34(3):533-541.

Mohr DC, Hart S, Vella L. Reduction in disability in a randomized controlled trial of
telephone-administered cognitive-behavioral therapy. Health Psychology.
2007;26(5):554-563.

Mohr DC, Lovera J, Brown T, Cohen B, Neylan T, Henry R, Siddique J, Jin L, Daikh D, Pelletier
D. A randomized trial of stress management for the prevention of new brain lesions in
MS. Neurology. 2012;79(5):412-419.

Motl RW, Backus D, Neal WN, Cutter G, Palmer L, McBurney R, Schmidt H, Bethoux F,
Hebert J, Ng A, McCully KK, Plummer P. Rationale and design of the STEP for MS Trial:

27



70.

71.

72.

73.

74,

75.

76.

77.

78.

Comparative effectiveness of Supervised versus Telerehabilitation Exercise Programs for
Multiple Sclerosis. Contemporary clinical trials. 2019;81(101242342):110-122.

Plow M, Finlayson M, Liu J, Motl RW, Bethoux F, Sattar A. Randomized Controlled Trial of
a Telephone-Delivered Physical Activity and Fatigue Self-management Interventions in
Adults With Multiple Sclerosis. Archives of physical medicine and rehabilitation.
2019;100(11):2006-2014.

Plow M, Packer T, Mathiowetz VG, Preissner K, Ghahari S, Sattar A, Bethoux F, Finlayson
M. REFRESH protocol: a non-inferiority randomised clinical trial comparing internet and
teleconference to in-person 'Managing Fatigue' interventions on the impact of fatigue
among persons with multiple sclerosis. BMJ open. 2020;10(8):e035470.

Rimmer JH, Thirumalai M, Young H-J, Pekmezi D, Tracy T, Riser E, Mehta T. Rationale and
design of the tele-exercise and multiple sclerosis (TEAMS) study: A comparative
effectiveness trial between a clinic- and home-based telerehabilitation intervention for
adults with multiple sclerosis (MS) living in the deep south. Contemporary clinical trials.
2018;71(101242342):186-193.

Stuifbergen AK, Becker H, Blozis S, Timmerman G, Kullberg V. A randomized clinical trial
of a wellness intervention for women with multiple sclerosis. Archives of Physical
Medicine and Rehabilitation. 2003;84(4):467-476.

Stuifbergen AK, Becker H, Perez F, Morrison J, Brown A, Kullberg V, Zhang W. Computer-
assisted cognitive rehabilitation in persons with multiple sclerosis: Results of a multi-site
randomized controlled trial with six month follow-up. Disability and health journal.
2018;11(3):427-434.

Turner AP, Hartoonian N, Sloan AP, Benich M, Kivlahan DR, Hughes C, Hughes AJ,
Haselkorn JK. Improving fatigue and depression in individuals with multiple sclerosis using
telephone-administered physical activity counseling. Journal of consulting and clinical
psychology. 2016;84(4):297-309.

Young H-J, Mehta TS, Herman C, Wang F, Rimmer JH. The Effects of M2M and Adapted
Yoga on Physical and Psychosocial Outcomes in People With Multiple Sclerosis. Archives
of physical medicine and rehabilitation. 2019;100(3):391-400.

Block VJ, Gopal A, Rowles W, Yueh C, Gelfand JM, Bove R. CoachMS, an innovative closed-
loop, interdisciplinary platform to monitor and proactively treat MS symptoms: A pilot
study. Multiple sclerosis journal - experimental, translational and clinical.
2021;7(1):2055217321988937.

Cederberg KLJ, Motl RW. Feasibility and efficacy of a physical activity intervention for

managing restless legs syndrome in multiple sclerosis: results of a pilot randomized
controlled trial. Multiple Sclerosis and Related Disorders. 2021;50:102836.

28



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Hugos CL, Bourdette D, Chen Y, Chen Z, Cameron M. A group-delivered self-management
program reduces spasticity in people with multiple sclerosis: A randomized, controlled
pilot trial. Multiple sclerosis journal - experimental, translational and clinical.
2017;3(1):2055217317699993.

Kannan M, Hildebrand A, Hugos CL, Chahine R, Cutter G, Cameron MH. Evaluation of a
web-based fall prevention program among people with multiple sclerosis. Multiple
sclerosis and related disorders. 2019;31(101580247):151-156.

Klaren RE, Hubbard EA, Motl RW. Efficacy of a behavioral intervention for reducing
sedentary behavior in persons with multiple sclerosis: a pilot examination. American
journal of preventive medicine. 2014;47(5):613-616.

Learmonth YC, Adamson BC, Kinnett-Hopkins D, Bohri M, Motl RW. Results of a feasibility
randomised controlled study of the guidelines for exercise in multiple sclerosis project.
Contemporary clinical trials. 2017;54(101242342):84-97.

Molton IR, Koelmel E, Curran M, von Geldern G, Ordway A, Alschuler KN. Pilot
intervention to promote tolerance for uncertainty in early multiple sclerosis.
Rehabilitation Psychology. 2019;64(3):339-350.

Plow M, Bethoux F, McDaniel C, McGlynn M, Marcus B. Randomized controlled pilot study
of customized pamphlets to promote physical activity and symptom self-management in
women with multiple sclerosis. Clinical rehabilitation. 2014;28(2):139-148.

Schirda B, Duraney E, Lee HK, Manglani HR, Andridge RR, Plate A, Nicholas JA, Prakash RS.
Mindfulness training for emotion dysregulation in multiple sclerosis: A pilot randomized
controlled trial. Rehabilitation psychology. 2020;65(3):206-218.

Sebastiao E, McAuley E, Shigematsu R, Adamson BC, Bollaert RE, Motl RW. Home-based,
square-stepping exercise program among older adults with multiple sclerosis: results of a
feasibility = randomized  controlled  study. Contemporary  clinical  trials.
2018;73(101242342):136-144.

Siengsukon CF, Alshehri M, Williams C, Drerup M, Lynch S. Feasibility and treatment effect
of cognitive behavioral therapy for insomnia in individuals with multiple sclerosis: a pilot
randomized controlled trial. Multiple sclerosis and related disorders. 2020;40:101958.

Stuifbergen AK, Becker H, Perez F, Morison J, KullbergV, Todd A. Arandomized controlled
trial of a cognitive rehabilitation intervention for persons with multiple sclerosis. Clinical
rehabilitation. 2012;26(10):882-893.

Suh Y, Motl RW, Olsen C, Joshi I. Pilot Trial of a Social Cognitive Theory-Based Physical
Activity Intervention Delivered by Nonsupervised Technology in Persons With Multiple
Sclerosis. Journal of physical activity & health. 2015;12(7):924-930.

29



90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

McGibbon CA, Sexton A, Jayaraman A, Deems-Dluhy S, Gryfe P, Novak A, Dutta T, Fabara
E, Adans-Dester C, Bonato P. Evaluation of the Keeogo exoskeleton for assisting
ambulatory activities in people with multiple sclerosis: an open-label, randomized, cross-
over trial. Journal of neuroengineering and rehabilitation. 2018;15(1):117.

Charvet LE, Yang J, Shaw MT, Sherman K, Haider L, Xu J, Krupp LB. Cognitive function in
multiple sclerosis improves with telerehabilitation: Results from a randomized controlled
trial. PloS one. 2017;12(5):e0177177.

Barlow J, Turner A, Edwards R, Gilchrist M. A randomised controlled trial of lay-led self-
management for people with multiple sclerosis. Patient education and counseling.
2009;77(1):81-89.

Bogosian A, Chadwick P, Windgassen S, Norton S, McCrone P, Mosweu |, Silber E, Moss-
Morris R. Distress improves after mindfulness training for progressive MS: A pilot
randomised trial. Multiple sclerosis (Houndmills, Basingstoke, England). 2015;21(9):1184-
1194.

das Nair R, Kontou E, Smale K, Barker A, Lincoln NB. Comparing individual and group
intervention for psychological adjustment in people with multiple sclerosis: a feasibility
randomised controlled trial. Clinical rehabilitation. 2016;30(12):1156-1164.

Goodwin RA, Lincoln NB, das Nair R, Bateman A. Evaluation of NeuroPage as a memory
aid for people with multiple sclerosis: A randomised controlled trial. Neuropsychological
rehabilitation. 2020;30(1):15-31.

Hansen D, Wens |, Keytsman C, Verboven K, Dendale P, Eijnde BO. Ventilatory function
during exercise in multiple sclerosis and impact of training intervention: cross-sectional
and randomized controlled trial. European journal of physical and rehabilitation medicine.
2015;51(5):557-568.

Houniet-de Gier M, Beckerman H, van VlietK, Knoop H, de Groot V. Testing non-inferiority
of blended versus face-to-face cognitive behavioural therapy for severe fatigue in patients
with multiple sclerosis and the effectiveness of blended booster sessions aimed at
improving long-term outcome following both therapies: study protocol for two observer-
blinded randomized clinical trials. Trials. 2020;21(1):1-14.

Lincoln NB, Bradshaw LE, Constantinescu CS, Day F, Drummond AE, Fitzsimmons D, Harris
S, Montgomery AA, das Nair R, Group CTC. Cognitive rehabilitation for attention and
memory in people with multiple sclerosis: a randomized controlled trial (CRAMMS).
Clinical rehabilitation. 2020;34(2):229-241.

Moss-Morris R, Dennison L, Landau S, Yardley L, Silber E, Chalder T. A randomized
controlled trial of cognitive behavioral therapy (CBT) for adjusting to multiple sclerosis

30



100.

101.

102.

103.

104.

105.

106.

107.

(the saMS trial): does CBT work and for whom does it work? Journal of consulting and
clinical psychology. 2013;81(2):251-262.

Ryan JM, Fortune J, Stennett A, Kilbride C, Anokye N, Victor C, Hendrie W, Abdul M,
DeSouza L, Lavelle G, Brewin D, David L, Norris M. Changing physical activity behaviour
for people with multiple sclerosis: protocol of a randomised controlled feasibility trial
(iStep-MS). BMJ open. 2017;7(11):e018875.

Thomas S, Fazakarley L, Thomas PW, Collyer S, Brenton S, Perring S, Scott R, Thomas F,
Thomas C, Jones K, Hickson J, Hillier C. Mii-vitaliSe: a pilot randomised controlled trial of
a home gaming system (Nintendo Wii) to increase activity levels, vitality and well-being
in people with multiple sclerosis. BMJ open. 2017;7(9):e016966.

Tosh J, Dixon S, Carter A, Daley A, Petty J, Roalfe A, Sharrack B, Saxton JM. Cost
effectiveness of a pragmatic exercise intervention (EXIMS) for people with multiple
sclerosis: economic evaluation of a randomised controlled trial. Multiple sclerosis
(Houndmills, Basingstoke, England). 2014;20(8):1123-1130.

Thomas S, Thomas PW, Kersten P, Jones R, Green C, Nock A, Slingsby V, Smith AD, Baker
R, Galvin KT, et al. A pragmatic parallel arm multi-centre randomised controlled trial to
assess the effectiveness and cost-effectiveness of a group-based fatigue management
programme (FACETS) for people with multiple sclerosis. Journal of Neurology,
Neurosurgery & Psychiatry 2013;84(10):1092-1099.

van Kessel K, Wouldes T, Moss-Morris R. A New Zealand pilot randomized controlled trial
of a web-based interactive self-management programme (MSInvigor8) with and without
email support for the treatment of multiple sclerosis fatigue. Clinical rehabilitation.
2016;30(5):454-462.

Kargarfard M, Shariat A, Ingle L, Cleland JA, Kargarfard M. Randomized Controlled Trial to
Examine the Impact of Aquatic Exercise Training on Functional Capacity, Balance, and
Perceptions of Fatigue in Female Patients With Multiple Sclerosis. Archives of physical
medicine and rehabilitation. 2018;99(2):234-241.

Pinto AP, Guimaraes CL, Souza GAdS, Leonardo PS, Neves MFd, Lima FPS, Lima MO, Lopes-
Martins RAB. Sensory-motor and cardiorespiratory sensory rehabilitation associated with
transcranial photobiomodulation in patients with central nervous system injury: Trial
protocol for a single-center, randomized, double-blind, and controlled clinical trial.
Medicine. 2019;98(25):e15851.

Learmonth YC, Kaur I, Baynton SL, Fairchild T, Paul L, van Rens F. Changing Behaviour
towards Aerobic and Strength Exercise (BASE): Design of a randomised, phase | study
determining the safety, feasibility and consumer-evaluation of a remotely-delivered
exercise programme in persons with multiple sclerosis. Contemporary clinical trials.
2021;102(101242342):106281.

31



108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Charvet LE, Shaw MT, Haider L, Melville P, Krupp LB. Remotely-delivered cognitive
remediation in multiple sclerosis (MS): protocol and results from a pilot study. Multiple
Sclerosis Journal - Experimental, Translational and Clinical. 2015;1:1-10.

Ehde DM, Arewasikporn A, Alschuler KN, Hughes AJ, Turner AP. Moderators of Treatment
Outcomes After Telehealth Self-Management and Education in Adults With Multiple
Sclerosis: A Secondary Analysis of a Randomized Controlled Trial. Archives of physical
medicine and rehabilitation. 2018;99(7):1265-1272.

Lincoln NB, Bradshaw LE, Constantinescu CS, Day F, Drummond AE, Fitzsimmons D, Harris
S, Montgomery AA, das Nair R. Cognitive rehabilitation for attention and memory in
people with multiple sclerosis: a randomized controlled trial (CRAMMS). Clinical
rehabilitation. 2020;34(2):229-241.

Sebastido E, McAuley E, Shigematsu R, Adamson BC, Bollaert RE, Motl RW. Home-based,
square-stepping exercise program among older adults with multiple sclerosis: results of a
feasibility randomized controlled study. Contemporary clinical trials. 2018;73:136-144.

Turner AP, Hartoonian N, Sloan AP, Benich M, Kivlahan DR, Hughes C, Hughes AJ,
Haselkorn JK. Improving fatigue and depression in individuals with multiple sclerosis using

telephone-administered physical activity counseling. Journal of Consulting and Clinical
Psychology. 2016;84(4):297.

Isaacs T, Hunt D, Ward D, Rooshenas L, Edwards L. The Inclusion of Ethnic Minority
Patients and the Role of Language in Telehealth Trials for Type 2 Diabetes: A Systematic
Review. Journal of Medical Internet Research. 2016;18(9):e256.

Chen Jr MS, Lara PN, Dang JH, Paterniti DA, Kelly K. Twenty years post-NIH Revitalization
Act: Enhancing minority participation in clinical trials (EMPaCT): Laying the groundwork
for improving minority clinical trial accrual: Renewing the case for enhancing minority
participation in cancer clinical trials. Cancer. 2014;120:1091-1096.

Strait A, Castillo F, Choden S, Li J, Whitaker E, Falasinnu T, Schmajuk G, Yazdany J.
Demographic characteristics of participants in rheumatoid arthritis randomized clinical
trials: a systematic review. JAMA network open. 2019;2(11):e1914745-e1914745.

Lai B, Cederberg K, Vanderbom KA, Bickel CS, Rimmer JH, Motl RW. Characteristics of
adults with neurologic disability recruited for exercise trials: a secondary analysis.
Adapted Physical Activity Quarterly. 2018;35(4):476-497.

Ebinger JE, Lan R, Driver MP, Rushworth P, Luong E, Sun N, Nguyen TT, Sternbach S, Hoang
A, Diaz J. Disparitiesin Geographic Access to Cardiac Rehabilitation in Los Angeles County.
Journal of the American Heart Association. 2022;11(18):e026472.

32



118.

119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

Briggs F, Hill E, Abboud H. The prevalence of hypertension in multiple sclerosis based on
37 million electronic health records from the United States. European Journal of
Neurology. 2021;28(2):558-566.

Huynh T, Jeng B, Motl RW. Physical activity and vascular comorbidity in Black and White
persons with multiple sclerosis: A cross-sectional study. Disability and Health Journal.
2022;15(3):101314.

Greenberg JD, Spruill TM, Shan Y, Reed G, Kremer JM, Potter J, Yazici Y, Ogedegbe G,
Harrold LR. Racial and ethnic disparities in disease activity in patients with rheumatoid
arthritis. The American journal of medicine. 2013;126(12):1089-1098.

Omar S, Nixon S, Colantonio A. Integrated Care Pathways for Black Persons With
Traumatic Brain Injury: A Critical Transdisciplinary Scoping Review of the Clinical Care
Journey. Trauma, Violence, & Abuse. 2021:152483802110622.

Zhang L, Sobolev M, Pifa IL, Prince DZ, Taub CC. Predictors of cardiac rehabilitation
initiation and adherence in a multiracial urban population. Journal of Cardiopulmonary
Rehabilitation and Prevention. 2017;37(1):30-38.

Farooqi A, Jutlla K, Raghavan R, Wilson A, Uddin MS, Akroyd C, Patel N, Campbell-Morris
PP, Farooqi AT. Developing a toolkit for increasing the participation of black, Asian and

minority ethnic communities in health and social care research. BMC medical research
methodology. 2022;22(1):1-16.

Motl RW, Fernhall B, McCully KK, Ng A, Plow M, Pilutti LA, Sandroff BM, Zackowski KM.
Lessons Learned from Clinical Trials of Exercise and Physical Activity in People with MS —
Guidance for Improving the Quality of Future Research. Multiple Sclerosis and Related
Disorders. 2022;68:104088.

Treweek S, Banister K, Bower P, Cotton S, Devane D, Gardner HR, Isaacs T, Nestor G,
Oshisanya A, Parker A. Developing the INCLUDE Ethnicity Framework—a tool to help
trialists design trials that better reflect the communities they serve. Trials. 2021;22(1):1-
12.

Morris L, Dumville J, Treweek S, Miah N, Curtis F, Bower P. Evaluating a tool to improve
engagement and recruitment of underserved groups in trials. Trials. 2022;23:867.

Bonevski B, Randell M, Paul C, Chapman K, Twyman L, Bryant J, Brozek I, Hughes C.
Reaching the hard-to-reach: a systematic review of strategies for improving health and
medical research with socially disadvantaged groups. BMC medical research
methodology. 2014;14(1):1-29.

Tracy TF, Young H-J, Lai B, Layton B, Stokes D, Fry M, Mehta T, Riser ES, Rimmer J.
Supporting successful recruitment in a randomized control trial comparing clinic and

33



129.

130.

131.

132.

133.

134.

135.

home-based exercise among adults with multiple sclerosis. Research Involvement and
Engagement. 2022;8(1):1-9.

Schulz KF, Altman DG, Moher D, Group* C. CONSORT 2010 statement: updated guidelines
for reporting parallel group randomized trials. Annals of internal medicine.
2010;152(11):726-732.

Welch VA, Norheim OF, Jull J, Cookson R, Sommerfelt H, Tugwell P. CONSORT-Equity 2017
extension and elaboration for better reporting of health equity in randomised trials. BMJ.
2017:j5085.

Welch VA, Akl EA, Guyatt G, Pottie K, Eslava-Schmalbach J, Ansari MT, De Beer H, Briel M,
Dans T, Dans |, Hultcrantz M, Jull J, Katikireddi SV, Meerpohl J, Morton R, Mosdol A,
Petkovic J, Schiinemann HJ, Sharaf RN, Singh JA, Stanev R, Tonia T, Tristan M, Vitols S,
Watine J, Tugwell P. GRADE equity guidelines 1: considering health equity in GRADE
guideline development: introduction and rationale. Journal of Clinical Epidemiology.
2017;90:59-67.

Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, Boyd KA, Craig N,
French DP, McIntosh E, Petticrew M, Rycroft-Malone J, White M, Moore L. A new
framework for developing and evaluating complex interventions: update of Medical
Research Council guidance. BMJ. 2021;374:n2061.

Baird JF, Sasaki JE, Sandroff BM, Cutter GR, Motl RW. Feasibility of “Sit Less, Move More”:
An intervention for reducing sedentary behavior Among African Americans with MS.

Multiple  Sclerosis  Journal -  Experimental,  Translational —and  Clinical.
2020;6(2):2055217320932341.

Kinnett-Hopkins D, Motl R. Results of a feasibility study of a patient informed, racially
tailored home-based exercise program for black persons with multiple sclerosis.
Contemporary Clinical Trials. 2018;75:1-8.

Nussbaumer-Streit B, Klerings |, Dobrescu Al, Persad E, Stevens A, Garritty C, Kamel C,
Affengruber L, King VJ, Gartlehner G. Excluding non-English publications from evidence-
syntheses did not change conclusions: a meta-epidemiological study. J Clin Epidemiol.
2020;118:42-54.

34



Table 1: Description of included studies

Ref. (quality) Country Int Control Int duration  Delivery Primary outcome Adherence Retention Reporting
types group (weeks); mode; measure strategies strategies Guidelines
session format
length (min)

Effectiveness/Efficacy (n=36)

1. Barlow 2009 UK SM Waitlist  6; >60 Face to face; 11-item Liverpool Not reported Not CONSORT
MMAT= Group Self-Efficacy Scale; reported  Flow
Moderate-High Hospital Anxiety and diagram

Depression Scale

2. Bombardier us SM Waitlist 12; 30-60 Combined; Health Promoting Not reported Not CONSORT
2008 Individual Lifestyle Profile-II reported Flow
MMAT= High diagram

3. Bombardier us SM Waitlist 12; 30-60 Combined; Hamilton Rating Not reported Not CONSORT
2013 Individual Scale for Depression reported Flow
MMAT= High diagram



4. Charvet 2017

5.

MMAT= High

Egner 2003"
MMAT=
Moderate

us

us

Cog.
Rehab

SM

Active
control

Usual
care

12; 30-60

9; 30-60

Web
based/online
; Individual

Telephone/V
ideoconferen
ce; Individual

Neuropsychological
Composite Score
(Paced Auditory
Serial Addition Test,
WAIS-IV Letter
Number Sequence,
WAIS-IV Digit Span
Backwards, Selective
Reminding Test,
Brief Visuospatial
Memory Test-
Revised, Delis-Kaplan
Executive Function
System Trails)

Fatigue Severity
Scale; Quality of
Well-Being Scale;
Center for
Epidemiologic
Studies Depression
Scale

Follow-up Not
check-in calls reported
for missed

sessions/

troubleshoot

ing issues

with

intervention

or practice

activities

Not reported Not
reported

CONSORT
explicitly
stated

Not
reported



6.

7.

8.

Ehde 2017"
MMAT= NA

Ehde 2015
MMAT= High

Ehde 2019"
MMAT = NA

us

us

us

SM

SM

SM

Usual
care

Active
control

Usual
care

16; 30-60

8; 30-60

8; >60

Combined;
Individual

Telephone/V
ideoconferen
ce; Individual

Telephone/V
ideoconferen
ce; Group

Brief pain inventory
4-item pain intensity
scale; Hopkins
symptom checklist-
20 version B; Brief
pain inventory-
interference scale;
Composite of
medical services
utilization and
medication data;
Major Depressive
Episode & Dysthymia
modules of the MINI
International
Neuropsychiatric
Interview

Modified Fatigue
Impact Scale;
Modified Brief Pain
Inventory Inference
Scale; Patient Health
Questionnaire 9

11-point Numeric
Rating Scale

Other

Follow-up
check-in calls
for missed
sessions/tro
uble
shooting
issues with
intervention
or practice
activities

Logbooks

Financial
incentive

Not
reported

Financial
incentive
and

schedule
flexibility

CONSORT
explicitly
stated

CONSORT
Flow
diagram

CONSORT
explicitly
stated



9. Finlayson 2011
MMAT= High

10. Goodwin 2020
MMAT=
Moderate

11. Goverover 2018
MMAT=
Moderate-High

us

UK

us

SM

Cog
Rehab

Exs

Waitlist

Active
control

Placebo

6; >60

8; NR

3,60

Telephone/V
ideo
conference;
Group

Telephone/V
ideoconferen
ce; Individual

Face to face;
Individual

Fatigue Impact Scale;

Fatigue Severity
Scale; SF-36

Everyday Memory
Questionnaire self-
report version

Contextual Memory
Test; Self-Regulation
Skills Interview

Follow-up

check-in calls

for missed
sessions/tro
uble
shooting
issues with
intervention
or practice
activities

Not reported

Not reported

Not
reported

Not
reported

Not
reported

CONSORT
Flow
diagram

CONSORT
Flow
diagram

CONSORT
Flow
diagram



12. Hansen 2015
MMAT=
Moderate-High

13. Houniet-deGier
2020"
MMAT = NA

14. Hugos 2019
MMAT= High

Belgium

Netherlan
ds

us

Exs

SM

SM

Usual
care

Active
control

Active
control

24; >60

20; 30-60

6; >60

Face to face;
NR

Face to face;
Individual

Face to face;
Group

Oxygen uptake (VO2,
ml/min), carbon
dioxide output
(VCO2, ml/min),
expiratory volume
(VE, I/min),
respiratory rate (RR),
expiratory tidal
volume (Vt, I/min),
dead space/tidal
volume ratio (Vd/Vt,
%), oxygen uptake
(VE/VO2) and carbon
dioxide output
equivalent
(VE/VCO2), end-tidal
oxygen (PETO2, KPa)
and carbon dioxide
pressure (PETCO?2,
KPa), oxygen pulse
(VO2/HR)

Not reported Not
reported

Checklist Individual
Strength-Fatigue
Severity Subscale

Logbooks Make-up
sessions/

FU calls

Financial
incentive
and
Make-up
sessions/
FU calls

Modified Fatigue
Impact Scale

Not reported

CONSORT
Flow
diagram

SPIRIT

CONSORT
Flow
diagram



15. Jeong 2021
MMAT=
Moderate

16. Kargarfard 2018"
MMAT= High

17. Lincoln 2020
MMAT= High

us

Iran

UK

Exs

Exs

Cog
Rehab

Contact
control

Waitlist

Usual
care

12; NR

8; 30-60

10; >60

Telephone/V
ideoconferen
ce; Individual

Face to face;
Individual

Face to face;
Group

Multiple Sclerosis
Quality of Life-54

Six-minute walk test;
Berg Balance Scale;
Modified Fatigue
Impact Scale; sit-to-
stand test; push-up
test

Multiple Sclerosis
Impact Scale
Psychological

Not reported

Not reported

Logbooks
and review
of practice
activities

Not
reported

Not
reported

Financial
incentive
and

Schedule
flexibility

Not
reported

CONSORT
Flow
diagram

CONSORT
Flow
diagram



18. Martini 2018"
MMAT= High

19. Mathiowetz
2005
MMAT= High

us

us

Neuro
Rehab

SM

Usual
care

Waitlist

6, 30-60

6; >60

Face to face;
Individual

Face to face;
Group

Self-report falls Not reported Schedule
calendars; flexibility
International
Physical Activity
Questionnaire short
form; Timed Up and
Go; Timed 25-foot
walk; 2-minute walk
test; Four Square
Step Test; Quebec
User Evaluation of
Satisfaction with
Assistive
Technologies;
Multiple Sclerosis
Walking Scale-12;
Activities-Specific
Balance Confidence
Scale; Multiple
Sclerosis Impact
Scale-29

Fatigue Impact Scale; Notreported Make-up
SF-36 health survey sessions/
FU calls

CONSORT
Flow
diagram

CONSORT
Flow
diagram



20. McAuley 2007"
MMAT=
Moderate

21. McGibbon 2018
MMAT= High

22. Miller 2011
MMAT= High

23. Mohr 2004
MMAT=
Moderate-High

Canada
and US

us

us

SM Usual
care
Neuro Cross-
Rehab over
SM Active
control
SM Active
control

12; 30-60 Face to face;
Group

6; <30 Face to face;
Individual

24; NR Web-
based/online
; Individual

16; >60 Face to face;

Hybrid

Six-item Exercise
Self-Efficacy scale;
Five-item
Satisfaction with Life
Scale; 12-item Short
Form Survey; Daily
attendance logs;
Enjoyment Scale;
Feeling Scale; Borg's
RPE scale

Logbooks Not
reported

6 Minute Walk Test;
Timed Up-and-Go;
Timed Stair Test;
Actigraph GT3X;
Keeogo Usability
Survey

Logbooks Not
reported

Reminders Not
reported

Sickness Impact
Profile; MS
Functional
Composite; Control
Subscale of the MS
Self-Efficacy Scale;
Seniors' General
Satisfaction and
Physician Quality of
Care; Euro-Quality of
Life

Beck Depression
Inventory; Arizona
Social Support
Interview Schedule

Not reported Not
reported

CONSORT
Flow
diagram

CONSORT
Flow
diagram

CONSORT
Flow
diagram

Not
reported



24.

25.

26.

27.

Mohr 2007"
MMAT= High

Mohr 2012
MMAT= High

Moss-Morris
2013
MMAT= High

Motl 2019"
MMAT= NA

us

us

UK

us

SM

SM

SM

Exs

Active
control

Waitlist

Active
control

Active
control

16; 30-60

24, 30-60

10; >60

16; 30-60

Telephone/V
ideoconferen
ce; Individual

Face to face;
Individual

Combined;
Individual

Combined;
Individual

Guy's Neurological
Disability Scale; Beck
Depression
Inventory;
telephone-
administered version
of the Hamilton
Rating Scale for
Depression; Fatigue
Impact Scale

Cumulative number
of new gadolinium-
enhancing (Gd+)

brain lesions on MRI

General Health
Questionnaire;
Work; Social
Adjustment Scale

Timed 25-Foot Walk

Not reported

Not reported

Not reported

Not reported

Financial
incentive

Not
reported

Not
reported

Financial
incentive
and
Reminder
calls

CONSORT
Flow
diagram

CONSORT
Flow
diagram

CONSORT
Flow
diagram

Not
reported



28. Pinto 2019™"
MMAT= NA

29. Plow 2019
MMAT=
Moderate-High

30. Plow 2020°
MMAT= NA

Brazil

us

us

Neuro
Rehab

SM

SM

Active
control

9; 30-60

Contact
control;
Active
control

12; >60

Active
control

6; >60

Face to face;
Individual

Telephone/V
ideoconferen
ce; Hybrid

Combined;
Hybrid

Surface
electromyograph;
Force platform EMG
balance evaluation;
Cosmed MicroQuark
Spirometer;
Analogue
manovacuometer;
Peak Flow Meter,
NCS expiratory flow
meter; common
metric tape (1.5m);
Infrared
thermographic
camera; frequency
meter; lactometer
with lactate reagent
tapes; 6-minute walk
test (Adapted); Short
Form 36; Mini-
Mental State
Examination

Not reported Not
reported

Fatigue Impact Scale;
Godin Leisure-Time
Exercise
Questionnaire

Logbooks Make-up
sessions/

FU calls

Fatigue Impact Scale  Notreported Not

reported

CONSORT
Flow
diagram

CONSORT
Flow
diagram

Not
reported



31. Rimmer 2018" us Exs Active 12; 30-60 Combined,; 36-Item Short Form Follow-up Schedule  Not

MMAT= NA control Individual Survey; Modified check-in calls flexibility; reported
Fatigue Impact Scale; for missed Financial
Godin Leisure Time sessions/tro  incentive;
Exercise uble Make-up
Questionnaire shooting sessions/
issues with FU calls
intervention
or practice
activities;
education
about
intervention
components;
Reminders;
Logbooks;
32. Stuifbergen 2003 US SM Waitlist 20; >60 Combined,; Health Promoting Not reported Financial CONSORT
MMAT= High Hybrid Lifestyle Profile Il; incentive  Flow
Medical Outcomes diagram

Study 36-Item Short-
Form Health Survey

10



33. Stuifbergen
2018"
MMAT= High

us

Cog
Rehab

Usual
care

8; >60

11

Combined,;
Hybrid

Minimal Assessment Not reported Not
of Cognitive Function reported
in MS; Controlled
OralWord
Association Test;
California Verbal
Learning Test, 2nd
ed; Brief Visuospatial
Memory Test —
Revised; Paced
Auditory Serial
Addition Test;
Symbol Digit
Modalities Test;
Everyday Problems
Test-Revised; 17-
item General Self-
Efficacy Scale; Center
for Epidemiologic
Studies Depression
Scale; Strategy
Subscale of the
Multiple-Factorial
Memory
Questionnaire;
PROMIS v1.0;
Applied Cognition-
Abilities-Short Form

CONSORT
Flow
diagram



34. Thomas 2013
MMAT= High

35. Turner 2016
MMAT= High

36. Young 2019
MMAT=
Moderate-High

UK SM Usual
care

us SM Active
control

us Exs Waitlist

6; >60

24; >60

12; 30-60

Face to face;
Group

Telephone/V
ideoconferen
ce; Individual

Face to face;
Group

Global Fatigue
Severity subscale of
the Fatigue
Assessment

Instrument; Disease-
specific quality of life

(QOL); Self-Efficacy
Scale

Mobility Item of the
Performance Scales;
Modified Fatigue
Impact Scale

Timed Up and Go; 6-
minute walk test; 5
times sit-to-stand
test

Not reported Not
reported

Not
reported

Follow-up
check-in calls
for missed
sessions/tro
uble
shooting
issues with
intervention
or practice
activities;
Reminders;
Logbooks

Not reported Not
reported

CONSORT
explicitly
stated

CONSORT
Flow
diagram

CONSORT
Flow
diagram

12



Pilot/Feasibility (n=20)

37. Block 2021
MMAT=
Moderate-High

38. Bogosian 2015
MMAT= High

39. Cederberg 2021
MMAT= High

us

UK

us

SM

SM

SM

Usual
care

Waitlist

Waitlist

12; NR

8; >60

16; 30-60

13

Telephone/V
ideo
conference

Telephone/V
ideo
conference

Web-based

Feasibility metrics
(recruitment rates,
retention rates,
reasons for
dropouts, adherence
rate, study
acceptability,
adverse events)

General Health
Questionnaire

International
Restless Legs
Syndrome Study
Group Scale; Restless
Legs Syndrome
Rating Scale-6;
Pittsburgh Sleep
Quality Index; Sleep
Satisfaction (RLS-6
Item 1); Seven-Day
Diary; Home-based
accelerometry; 8-
item Epworth
Sleepiness Scale

Reminders Not
reported

Not reported Not
reported

Follow-up Not
check-in calls reported
for missed

sessions/tro

uble

shooting

issues with

intervention

or practice

activities

CONSORT
Flow
diagram

CONSORT
Flow
diagram

CONSORT
explicitly
stated



40. dasNair 2016

41.

42.

43.

MMAT=
Moderate-High

Hugos 2017"
MMAT= High

Kannan 2019
MMAT=
Moderate

Klaren 2014
MMAT=
Moderate-High

UK

us

us

us

SM Active 16; NR
control

SM Usual 6; >60
care

SM Waitlist 8; NR

SM Waitlist 24; NR

14

Face to face

Face to face

Web-based

Telephone/V
ideo
conference

Feasibility metrics Not reported
(recruitment rate,
acceptability of
randomization and
the intervention and
adaptability for
individual delivery)
Multiple Sclerosis Logbooks
Spasticity Scale-88;
Multiple Sclerosis
Walking Scale-12;
Modified Fatigue
Impact Scale;
Multiple Sclerosis
Impact Scale; Beck
Depression
Inventory Il;
Modified Ashworth
Scale; Timed Up and
Go; Timed 25 Foot
Walk; 2-Minute Walk
Test

Survey of Not reported
prospectively
counted falls

International Not reported
Physical Activity

Questionnaire;

Patient-Determined

Disease Steps scale

Not
reported

Not
reported

Make-up
sessions/
FU calls

Financial
incentive

CONSORT
Flow
diagram

CONSORT
Flow
diagram

CONSORT
Flow
diagram

Not
reported



44. Learmonth 2017
MMAT= High

45. Learmonth 2021"
MMAT= NA

46. Molton 20191
MMAT=
Moderate-High

47. Plow 2014"
MMAT=
Moderate-High

us

Australia

us

us

SM

Exs

SM

SM

Waitlist

Usual
care

Usual
care

Waitlist

16; 30-60

16; NR

6; NR

24, 30-60

Telephone/V
ideo
conference

Combined

Combined

Combined

ActiGraph GT3X Not reported Not

accelerometers reported
Godin Leisure-Time Reminders Not
Exercise reported

Questionnaire

Two-item, in-house
treatment benefit
scale; Single item
overall satisfaction
measure; Intolerance
of Uncertainty Scale;
Acceptance of
Chronic Health
Conditions; General
Anxiety Disorder-7

Not reported Not
reported

Physical Activity and
Disability Survey-
revised; Godin
Leisure-Time
Exercise
Questionnaire; SF-12
physical composite;
Multiple Sclerosis
Scale; Symptoms of
Multiple Sclerosis
Scale

Logbooks Not
reported

CONSORT
Flow
diagram

CONSORT
Flow
diagram

Not
reported

CONSORT
Flow
diagram



48. Ryan 2017""
MMAT= NA

49. Schirda 2020
MMAT= High

UK

us

SM

SM

Usual
care

Waitlist

12; 30-60

4; >60

16

Face to face

Face to face

ActiGraph- Not reported Not
activPAL3u monitor; reported
International

Physical Activity

Questionnaire Short-

form; 12-item MS

Walking Scale;

Modified Fatigue

Impact Scale;

Multiple Sclerosis

Self-Efficacy Scale;

Impact on

Participation and

Autonomy

Questionnaire; ED-

5D (EQ-5D-5L); Client

Service Receipt

Inventory

Difficulties in Logbooks Financial
Emotion incentive
Dysregulation Scale;

Ruminative

Responses Scale;
Penn State Worry
Questionnaire;
World Health
Organization Quality
of Life, Survey; Beck
Depression
Inventory-II; Worry
and Rumination Task

CONSORT
Flow
diagram

CONSORT
Flow
diagram



50. Sebastiao 2018 us Exs
MMAT=
Moderate

51. Siengsukon 2020 US SM
MMAT= High

Contact
control

Active
control

12; 30-60

6; 30-60

17

Combined

Face to face

Timed 25-foot
Walking; Six-minute
Walk; Timed Up and
Go; Symbol Digit
Modalities Test; Brief
Visuospatial Memory
Test; California
Verbal Learning Test;
Short Physical
Performance Battery

Insomnia Severity
Index; Pittsburgh
Sleep Quality Index;
Modified Fatigue
Impact Scale; Fatigue
Severity Scale

Financial
incentive

Follow-up
check-in calls
for missed
sessions/tro
uble
shooting
issues with
intervention
or practice
activities;
Logbooks

Not reported Not
reported

CONSORT
Flow
diagram

CONSORT
Flow
diagram



52. Stuifbergen us Cog Waitlist
2012t Rehab
MMAT= High

53. Suh 2015" us SM Contact
MMAT= High control

8; >60

6; NR

18

Combined

Combined

Self-Administered
Expanded Disability
Status Scale; Minimal
Assessment of
Cognitive Function in
MS; Self-Efficacy
Scale (MSSE-
Control); Strategy
Subscale of the
Multifactorial
memory
Questionnaire
(MMQ-Strategy);
Multiple Sclerosis
Neuropyschological
Screening
Questionnaire

Godin Leisure-Time
Exercise
Questionnaire;
Exercise Self-Efficacy
Scale;
Multidimensional
Outcomes
Expectations for
Exercise Scale; Late-
Life Function and
Disability
Instrument; Goal-
setting Scale; Social
Support and Exercise
Survey; Patient
Determined Disease
Steps

Financial
incentive

Not reported

Financial
incentive

Follow-up
check-in calls
for missed
sessions/tro
uble
shooting
issues with
intervention
or practice
activities

CONSORT
Flow
diagram

CONSORT
Flow
diagram



54. Thomas 2017"
MMAT=
Moderate

UK

SM

Waitlist

24; NR

19

Combined

Two-minute walk Not reported Not
test; Step test; reported
Steady stance test;
Instrumented Timed
Up and Go; Gait
stride-time
rhythmicity; Static
posturography
(Limits of Sway);
Godin Leisure-Time
Exercise
Questionnaire;
ActivPAL; Nine-hole
peg test; Multiple
Sclerosis Self-Efficacy
Scale; Hospital
Anxiety and
Depression Scale;
EuroQual 5
Dimensions-5 Levels;
Multiple Sclerosis
Impact Scale; Fatigue
Symptom Inventory;
Medical Outcomes
Short-Form Survey
V.2

CONSORT
explicitly
stated



55. Tosh 2014
MMAT=
Moderate-High

56. vanKessel 2016
MMAT=
Moderate

UK Exs Usual 12; 30-60 Face to face
care

New SM Active 8; 30-60 Web-based

Zealand control

Self-report physical
activity
guestionnaire;
accelerometry;
Leisure Score Index;
Godin Leisure Time
Exercise
Questionnaire

Chalder Fatigue
Scale; Modified
Fatigue Impact Scale

Not reported Not
reported

Reminders Not
reported

Not
reported

CONSORT
Flow
diagram

“indicates protocol papers; ‘indicates that the primary outcome was not reported

MMAT — Multiple Methods Assessment Tool; Int — Intervention; SM — Self management; Cog Rehab — Cognitive rehabilitation; Exs — Exercise
training; Neuro Rehab — Neurological rehabilitation
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Table 2: Participant eligibility criteria and recruitment strategies

Ref

Inclusion criteria

Exclusion criteria

Recruitment strategies

Effectiveness/Efficacy (n=36)

1. Barlow 2009 Aged 18+ years; diagnosis of MS; ability to

2. Bombardier
2008

3. Bombardier
2013

4. Charvet
2017

communicate in and understand English; Ability to
complete the questionnaire

Aged 18+ years; physician-confirmed diagnosis of MS;

able to walk 90m (300ft) without assistance (equating

to an EDSS score of 5.5 or better); endorsed interest in
1 or more of the health promotion target areas

Aged 18-70 years; physician-confirmed diagnosis of
MS; EDSS < 5.5; significant depressive symptomes;
diagnosis of major depressive disorder or dysthymia;
currently not meeting physical activity guidelines
(exercising <150 min per week).

Aged 18-70; definite MS diagnosis, any subtype;
probable cognitive impairment; concurrent
medications to be kept constant over three months
(as possible); no relapse or steroids in previous
month; reading score on WRAT-3 of 37 or greater;
visual, auditory and motor capacity to operate
computer software, as judged by treating neurologist
or study staff

21

Inability to understand and participate in a
programme delivered in English

Significant depressive symptoms; medical
conditions that were contraindications to
increased exercise

Cardiovascular, balance, or bone/joint
problem that would make exercise unsafe;
extreme heat intolerance or Uhthoff effect;
prior diagnosis of schizophrenia, paranoid
disorder, or bipolar disorder; active suicidal
ideation; current alcohol dependence;
unable to complete forms without
assistance

History of mental retardation, pervasive
developmental disorder or other
neurological condition associated with
cognitive impairment; primary psychiatric
disorder that would influence ability to
participate; other serious uncontrolled
medical condition (e.g., cancer or acute
myocardial infarction); alcohol or other
substance use disorder; history of
computer-based training manufactured by
Posit Science; learned English language
after 12 years of age

Media; MS organization

Media; Clinical
records/visits/Physician
referral; MS organization;
Existing list of research
volunteers

Media; Mail; Clinical
records/visits/Physician
referral; MS organization

Clinical
records/visits/Physician
referral



5.

6.

Egner 2003

Ehde 2015

Experience of a recent functional setback in the
disease process, such as a severe exacerbating
episode or an increase or start of chemotherapy
treatment; EDSS score of 7 or greater

Aged 18+ years; Physician-confirmed diagnosis of MS;
plans to continue to receive care at the UQ Medicine
MS Center during the enroliment period to ensure
integration of services; has access to and is able to
communicate over the telephone to facilitate the
telehealth components of the intervention and
outcome assessments; reads, speaks and understands
English; reports a clinically significant problem in pain
or depression, specifically (a) chronic pain: average
pain intensity in the past week of at least moderate
severity (defined as 3 or greater on 0-10 numeric
rating scale) and pain of at least six months duration,
with pain reportedly present greater than or equal to
half of the days in the past six months or (b)
depression: depressive symptoms over the past two
weeks in the range of probable depressive symptoms
over the past two weeks in the range of probable
major depression on Patient Health Questionnaire-9
and endorsement of depressed mood and/or
anhedonia (i.e., one of the cardinal symptoms of
depression) present more than half the days in the
past two weeks

22

Not reported

Presence of a severe psychiatric disorder as
evidenced by (a) high suicide risk (i.e.,
current intent or plan, or thoughts of
suicide in the past month with at least one
suicide attempt in the past), (b) diagnosis
of bipolar disorder with current psychotic
features, or (c) symptoms of a current
psychotic disorder at the time of screening;
severe cognitive impairment, resulting in
inability to provide informed consent; Self-
reported active substance abuse within the
past month; patient reports a planned
major surgery scheduled in the next 10
months; ongoing psychiatric (> once a
month) care of depression provided by a
psychiatrist

Clinical
records/visits/Physician
referral

Clinical
records/visits/Physician
referral



7.

8.

9.

Ehde 2018

Ehde 2019

Finlayson
2011

Aged 18+ years; self-reported diagnosis of MS, and 1
of the following - moderate depressive symptoms
suggested by a score between 10 and 14 on the
Patient Health Questionnaire-9; existence of chronic
pain defined as 3 average pain intensity in the past
week on a 0 to 10 pain intensity numerical rating scale
(NRS); presence of significant fatigue symptoms
defined as 10 on the 5-item short version of the
Modified Fatigue Impact Scale (MFIS)

Aged 18+ years; physician-confirmed diagnosis of
clinically definite MS; presence of chronic pain, and
pain of at least 3 months duration, with pain
reportedly present on at least half the days in the past
3 months; reads and speaks English; has access to and
is able to communicate over the telephone; and has a
computer or digital device with video capabilities (any
operating system) with Internet access

Aged 18+ years; living within the state of lllinois; self-
reported diagnosis of MS; functional English literacy
(i.e. able to read course materials and carry on
telephone conversations in English); Fatigue Severity
Scale score of 4 or greater (i.e. moderate to severe
fatigue); weighted score of at least 12 on the short
version of the Blessed Orientation Memory
Concentration test

23

Significant cognitive impairment defined as
errors on the 6-item Cognitive Screener
receiving psychotherapy more than once a
month at time of screening, or moderate
to severe or severe depressive symptoms
on the Patient Health Questionnaire-9.

Severe cognitive impairment; currently in
psychotherapy or counseling for pain more
than once a month; and previously
participated in a pain study that used CBT
or MBCT.

Not reported

Mail; Clinical
records/visits/Physician
referral; MS organization;
Existing list of research
volunteers

Word of mouth/Snowball
sampling; Online; Posters;
Clinical
records/visits/Physician
referral; MS organization;
Existing list of research
volunteers

Mail; MS organization



10. Goodwin
2020

11. Goverover
2018

12. Hansen
2015

13. Houniet-
deGier 2020

Aged 18+ years; had been diagnosed with MS more
than 12 months before joining the study; self-reported
memory problems, defined as a score more than 20
on the self-report version the Everyday Memory
Questionnaire; gave informed consent

Aged 31-65 years; clinically definite MS with
documented memory impairment based on the
Selective Memory Test (SRT); free from any history of
neurological injuries or ilinesses (aside from MS); had
no reported history of alcohol or drug abuse and/or
major psychiatric illnesses; sufficient vision (assessed
by paragraph reading); English as their primary
language; at least 1-month post most recent
exacerbation; free of corticosteroid use

Aged 18-75 years; sedentary (<2h sports
activities/week; diagnosed for at least 12 months by a
neurologist according to the McDonald criteria

Aged 18-70 years; definitive diagnosis of MS; severely
fatigued; ambulatory; no evident signs of an
exacerbation and no corticosteroid treatment in the
past 3 months; no current infections; no anemia;
normal thyroid function

24

Cognitive, visual or motor impairment,
such that they were unable to use a pager
or mobile phone; another concurrent
neurological diagnosis, e.g., epilepsy;
concurrent severe medical or psychiatric
diagnosis; concurrently taking part in other
psychological intervention studies; did not
understand English

Not reported

Diagnosed with cardiovascular, renal or
pulmonary disease

Depression; primary sleep disorders; other
severe somatic or psychiatric co-morbidity;
current pregnancy or having given birth in
the past 3 months; pharmacological
treatment for fatigue that was started in
the past 3 months; non-pharmacological
therapies for fatigue that took place in the
last 3 months; having received CBT in the
TREFAMS trial

Clinical
records/visits/Physician
referral; MS organization

MS organization;
Advertisements; Existing
list of research volunteers

Word of mouth/Snowball
sampling

Clinical
records/visits/Physician
referral; MS organization



14. Hugos 2019

15. Jeong 2021

16. Kargarfard
2018

17. Lincoln
2020

18. Martini
2018

Aged 18+ years; definite MS of any subtype;
moderate-to-severe fatigue; EDSS <6.5 5; Beck
Depression Inventory Il <28; stable on disease
modifying medications for at least 3 months; free of
relapses for the prior 30 days; not pregnant; able to
comply with study procedures, and complete
measures independently

Not reported

MS of a minimum of 2 years; no relapses in the past
month, and; able to exercise regularly

Aged 18-69 years; diagnosed with relapsing remitting
or progressive multiple sclerosis; diagnosed at least
three months prior to the screening assessment;
reported having cognitive problems; impaired on at
least one of the Brief Repeatable Battery of
Neuropsychological tests; able to attend group
sessions; able to speak English sufficiently to complete
the cognitive assessments; gave written informed
consent

Aged 18+ years; confirmed MS of any type; self-
reported current intermittent or constant use of
unilateral or bilateral assistance for walking; able to
walk at least 25 feet; no relapse in prior 30 days; self-
reported history of 1 or more falls in the previous year

25

Not reported

Not reported

A relapse during the intervention;
developed any comorbidities during the
intervention or both

Had vision or hearing problems, such that
they were unable to complete the
cognitive assessments; had concurrent
severe medical or psychiatric conditions,
which prevented them from engaging in
treatment; were involved in other
psychological intervention trials.

Reporting receiving more than 1 hour of
walking aid training within the previous 3
years; serious conditions that would
preclude reliable study participation (e.g.,
dementia, deafness, and blindness)

Clinical
records/visits/Physician
referral

Not reported

MS organization

Clinical
records/visits/Physician
referral; MS organization;
MS Register

Clinical
records/visits/Physician
referral



19. Mathiowetz
2005

20. McAuley
2007

21. McGibbon
2018

Aged 18+ years; diagnosis of MS; reported being
functionally literate in English (i.e., able to read course
materials); Fatigue Severity Scale score of 4 or greater;
lived independently in the community; and agreed to
attend at least five out of six EC sessions

Definite diagnosis of MS; ambulatory with minimal
assistance; sedentary (defined as being physically
active less than three times per week for 30 minutes
each bout); willing to commit to the length of the
program

Aged 21+ years; diagnosed > 1 yr. ago with multiple
sclerosis; able to read and understand informed
consent form and study instructions; waist and leg
circumference and lower extremity lengths
appropriate for a comfortable and safe fit in the
Keeogo device; able to walk 25 m without stopping,
without human assistance, using assistive devices and
ankle-foot-orthoses, as necessary; can complete a 10
step stair test; Score > 23 on the Mini-Mental State
Examination; Modified Ashworth Score < 3 for knee or
hip, and < 3 for ankle if no AFO is used; Recent (<
12mo) EDSS evaluation on record, with EDSS <6.5

26

Failed more than one subtest of the
Neuropsychological Screening Battery for
Multiple Sclerosis

Not reported

Legally blind; pregnant or lactating; skin
condition that contraindicates use of
orthotics or support braces; recent (< 6
months) lower-body hospitalizations or
active treatments due a joint, muscle,
bone, nerve or vascular injury or condition;
scheduled for major surgery within next 4
months; lower-extremity amputation
above or below the knee - uncontrolled
hypertension; recent (< 1 year) heart
attack; uncontrolled diabetes; diagnosed
with other health condition(s) that affect
mobility and balance, including chronic
obstructive pulmonary disease; peripheral
arterial disease; vestibular disorders;
cerebellar disease; cerebral palsy; muscular
dystrophy; spinal cord injury; stroke or
other brain injury

MS organization

Media; MS organization;
Existing list of research
volunteers

Clinical
records/visits/Physician
referral



22. Miller 2011

23. Mohr 2004

Clinically definite MS; resided in the county where the
Mellen Center is located or in one of the five
surrounding counties; had completed at least two
appointments with a physician or an APC at our center
in the 12 months previous to enrollment;
demonstrate that they could turn a computer on and
off, send an e-mail message, and pass a typing test

Confirmed diagnosis of MS; relapsing-remitting or
secondary progressive disease course confirmed by a
neurologist; a score of 16 or greater on the Beck
Depression Inventory; willingness to abstain from
psychological or pharmacological treatment for
depression other than that provided in the study
during the treatment period

27

Not reported

Other serious psychological disorders for
which treatment would be inappropriate,
including psychotic disorders, bipolar
disorders, or active substance abuse;
meeting criteria for dementia by falling
below the 5th percentile in three out of six
areas of neuropsychological functioning,
including attention and concentration,
speed of processing, executive functioning,
verbal memory and visual processing;
severe suicidality including ideation, plan,
and intent; treatment with corticosteroids
within previous 14 days; initiation of
treatment with an interferon medication
within previous 2 months; current MS
exacerbation; other disorders of the
central nervous system in addition to MS;
current or planned pregnancy; current
psychological or pharmacological
treatment for depression

Clinical
records/visits/Physician
referral

Not reported



24. Mohr 2007

25. Mohr 2012

Aged 18+ years; physician confirmed diagnosis of MS;
functional impairment resulting in limitations in
activity as measured by a score of at least 3 of a total
possible score of 6 (indicating marked impact on
activity) on one or more areas of functioning on Guy's
Neurological Disability Scale); score of 16 or above on
the Beck Depression Inventory and 14 or above on the
Hamilton Rating Scale of Depression; ability to speak
and read English

Aged 18+ years; diagnosed with MS according to the
MacDonald criteria and had documented evidence of
clinical exacerbation or at least 1 Gd+ MRI brain lesion
within 12 months prior to enrollment. The qualifying
exacerbation or Gd+ lesion had to have occurred at
least 1 month after initiation of an interferon drug or
6 months after initiation of glatiramer acetate; able to
speak and read English; A score of 0-6.5 EDSS

28

Met criteria for dementia; currently in
psychotherapy; severe psychopathology,
including psychosis, current substance
abuse, or plan and intent to commit
suicide; current MS exacerbation, defined
as a sudden increase in symptoms within
24 hr. that had not yet remitted; physical
deficits that prevented participation in
treatment or assessment including inability
to speak or read and write; on medications
other than antidepressants that affect
mood (e.g., steroidal anti-inflammatories)

Received corticosteroids in the past 28
days, were treated with a cytotoxic agent
or natalizumab, had other autoimmune or
endocrine disorders; unable to undergo
GD+ MRI; pregnant or planning pregnancy;
diagnosed using the Mini International
Neuropsychiatric Interview with any severe
psychiatric disorder (e.g., psychotic
disorders, bipolar disorder), or were
currently receiving or planning to being
psychotherapy; met criteria for dementia,
defined consistent with previous trials as
being below the fifth percentile on 3 or
more of the following: Symbol Digit
Modalities, Digit Span, Hopkins Verbal
Learning Test, Controlled Word Association
Test, Similarities, and the 10/36 test

Clinical
records/visits/Physician
referral; MS organization

Clinical
records/visits/Physician
referral; MS organization



26. Moss-
Morris 2013

27. Motl 2019

Definite diagnosis of MS within the last 10 years;
ability to walk a short distance (with a stick or
crutches if needed; equivalent to a score of 6.5 or less
on the EDSS; willingness to abstain from new
psychological or pharmacological treatment during
the course of the study where possible

Aged 18-65 years; self-reported diagnosis of MS;
accessible, technological platform for GEMS-5 (i.e.
computer or DVD player and TV, and telephone); able
and willing to travel to a site for testing and/or
training; score between 25 and 75 on the MSWS-12;
score between 3 and 6 (inclusive) on the PDDS;
medically stable as determined by the Exercise
Preparticipation Health Screening or approval from
physician to participate in exercise studies; EDSS score
of 4.0 through 6.5; T2FW time between 6s and 3 min

29

Comorbid serious, life-threatening health
problems or severe mental health
problems (e.g., psychotic disorders or
substance abuse); current psychological
treatments or treatments received in the
last 2 months; severe cognitive
impairment, as assessed by a score of less
than 20 on the Telephone Interview for
Cognitive Status Modified

Documented MS relapse in the past 30
days; occurrence of falls in the past three
months that the study investigator
determines makes participation unsafe;
Unable to walk 25 ft; not proficient in
English; Other neurological (e.g., stroke) or
musculoskeletal conditions or other
comorbidities; Any other concerns that the
investigators deem would jeopardize the
safety of the potential participant; Score of
25 or higher based on Health Contribution
score from the GLTEQ; Cognitive difficulties
as determined by a Mini Mental Status
Exam score < 19; Any other concern that
the investigator deem would jeopardize
the safety of the potential participant

Clinical
records/visits/Physician
referral

Word of mouth/Snowball
sampling; Clinical
records/visits/Physician
referral; Existing list of
research volunteers



28. Pinto 2019

29. Plow 2019

30. Plow 2020

Aged 18-65 years; people with stroke, traumatic brain
injury, spinal cord injury, brain tumor postoperative
period, chronic nonprogressive encephalopathy, and
multiple sclerosis; chronic neurological diseases, from
6 months of injury; Caucasian individuals; both sexes;
preserved cognition; able to wander on the treadmill
voluntarily or through assistance of the Brain Mov
Rehabilitation and Physical Activity Station;
continuous and regular use of medications prescribed
by the physician for the control and/or treatment of
chronic diseases; the release of the cardiologist for
rehabilitation

Aged 18-65 years; physician-confirmed diagnosis of
MS and physician consent to initiate a physical activity
program; ability to walk 25 or more feet with or
without a cane; ability to carry on telephone
conversations in English; PDDS score between 1 (mind
disability) and 5 (unilateral support required); current
sedentary lifestyle (i.e. purposeful exercise less than
or equal to 2 days / wk. for 30 min); moderate to
severe fatigue (a score of 4 or greater on the Fatigue
Severity Scale)

Aged 18+ years; self-reported diagnosis of MS;
moderate-to-severe fatigue (i.e., Fatigue Severity
score greater or equal to 4); ability to speak and read
English (i.e., confirmed via phone conversation and
self-report)

30

Not meeting the inclusion criteria; active
smokers; carriers of chronic respiratory
diseases, such as chronic obstructive
pulmonary disease, asthma and
bronchiectasis; decompensated heart
disease; obesity grade Il - body mass index
greater than 34.99kg/m?; spinal cord injury
above sixth thoracic vertebra, who present
with autonomic dysreflexia; American
Spinal Injury Association Impairment Scale
A or B Impairment; patients with multiple
sclerosis who are in the onset period;
patients who use beta-blocking drugs;
hemorrhagic encephalic vascular accident

Pregnancy; cardiopulmonary diseases that
would hinder engagement in physical
activity; uncontrolled diabetes
(hospitalized within the last 6 months); >3
falls in the past 6 months; severe cognitive
deficits (weighted score of less than 12 on
the short version of the Blessed
Orientation memory Concentration test);
unable to contact physician/treating
clinician to confirm MS diagnosis and
reasonable risk for the walking program

Inability to understand the consent form
(e.g., assessed with five questions about
the study); inability to participate in the
intervention (e.g., unwilling or unable to
travel outside the home)

Clinical
records/visits/Physician
referral; Existing list of
research volunteers

Mail; MS organization

Word of mouth/Snowball
sampling; Online; Clinical
records/visits/Physician

referral; MS organization



31. Rimmer
2018

32. Stuifbergen
2003

33. Stuifbergen
2018

Aged 18-70 years; mild to moderate disability (PDDS
0-7); able to use both arms/legs for exercise while
standing or seated (this would include people with
hemiparesis); physician permission to participate in
the study

Aged 20-70 years; female; physician-diagnosed MS for
at least 6 months

Aged 18-60 years; able to understand and comply
with the study protocol; visual acuity with correction
sufficient to work on a computer screen; clinically
definite MS for at least 6 months; exacerbation free
for 90 days; Perceived Deficits Questionnaire score of
>10 (indicating some problems in at least 5 areas)

31

Significant visual acuity that prevents
seeing a tablet screen in order to follow
home exercise program; cardiovascular
disease event within the past six months;
severe pulmonary disease; renal failure;
active pressure ulcer; currently pregnant;
within 30 days of receiving a rehabilitation
session; already meeting physical activity
guidelines (GLTEQ 2 24)

Pregnant; concurrent medical conditions
for which changes in exercise or diet would
be contraindicated

Not reported

Clinical
records/visits/Physician
referral; posters; MS
organization; community
organizations; community
social events; social media

Posters; MS organization;
Existing list of research
volunteers

Clinical
records/visits/Physician
referral; MS organization



34. Thomas
2013

35. Turner 2016

Aged 18+ years; providing written informed consent;
clinical diagnosis of relapsing-remitting or progressive
multiple sclerosis; score on the FSS >4; ambulatory
(score on the Adapted PDDS < 8); able to attend the
intervention sessions; English speaking

Aged 18-80 years; physician-confirmed diagnosis of
MS; sufficient ambulatory ability (EDSS <6.5);
willingness to complete a physical activity program
but currently exercising less than 300 min per week;
Having telephone access; Currently reporting fatigue
(MFIS score 220)

32

Attended a specific fatigue management
programme within the last year; Received a
substantive, specific, fatigue intervention
from an Occupational Therapist (OT) or
other health professional, consisting of
more than general advice, within the
previous 3 months; already involved in
another research study; Individuals who
have cognitive deficits such that they
would not be able to engage in the group
format or benefit from the program; a
relapse within the previous three months;
on a disease-modifying drug (such as Beta-
Interferon, Glatiramer Acetate) or an anti-
depressant for < 3 months; Individuals who
are known to be currently under the care
of a psychiatrist or under the care of
addiction services

MS exacerbation (relapse) in the past 30
days; health conditions for which aerobic
exercise might be contraindicated (e.g.,
cardiopulmonary difficulties, significant
balance problems, bone and joint
disorders) as assessed by the Physical
Activity Readiness Questionnaire; exercise-
induced MS symptoms (such as extreme
heat insensitivity); psychosis or unmanaged
bipolar disorder; active suicidal ideation;
current or active substance use disorder

Clinical
records/visits/Physician
referral; MS organization

Mail; Clinical
records/visits/Physician
referral; MS organization



36. Young 2019

Aged 18-65years; self-reported a diagnosis of MS, with
a PDDS score 0-6; ability to exercise with arms and/or
legs; physician clearance

Participation in a similar intervention in the
last 6 months; use of tobacco products in
the last 6 months; unstable weight;
cognitive impairment (MMSE score<24);
active pressure ulcer; any contraindications
to exercise based on the ACSM guidelines

Word of mouth/Snowball
sampling; Clinical
records/visits/Physician
referral; MS organization

Pilot/Feasibility (n=20)

37. Block 2021

38. Bogosian
2015

39. Cederberg
2021

EDSS score of 1.5-6.5; Bladder Control Scale score of
>2; Neurostatus Ambulation score of >1; CES-D score
of mild depression or worse; at least 2 of the 3
Bladder Ambulation and Mood symptoms

Diagnosis of PPMS or SPMS; internet access; some
level of distress determined by a score of 23 on the
GHQ-12

Aged 18+ years; confirmed diagnosis of MS; relapse
free for the past 30 days; Internet and email access;
non-active defined as not engaging in regular activity
(i.e., 30 minutes accumulated per day) on more than 2
days of the week for the previous six months;
ambulatory without assistance; positive screen for RLS
diagnostic criteria based on affirmative responses to
the Cambridge-Hopkins Restless Legs Syndrome Short
Form Diagnostic Questionnaire that excludes common
mimics of RLS; RLS severity of moderate-to-very
severe (i.e., International Restless Legs Syndrome
Study Group Scale score of 15 or higher)

33

No access to a smartphone/personal
computer or Internet connectivity;
cognitive impairment severe enough to
preclude participation; an Inability to
understand the study protocol and/or
consent autonomously

Severe cognitive impairment; high suicide
risk; self-reported serious psychological
disorders (e.g. psychosis, substance abuse);
severe hearing impairment; attending
other psychological therapies or prior
formal training in mindfulness

Moderate or high risk for undertaking
strenuous or maximal exercise (i.e., more
than one affirmative response on the
Physical Activity Readiness Questionnaire);
diagnosis of radiculopathy, peripheral
edema, peripheral neuropathy, iron
deficiency anemia, renal disease, or
diabetes

Clinical
records/visits/Physician
referral

Online

Mail; Posters



40. dasNair
2016

41. Hugos 2017

42. Kannan
2019

43. Klaren 2014

Diagnosis of MS; 23 out of 12 on the GHQ-12 or 28 out
of 21 on the HADS Anxiety or Depression subscales

Aged 18+ years; physician-confirmed diagnosis of MS;
able to provide informed consent and comply with
study procedures; able to walk 25 feet independently
with or without assistive devices; fluent in written and
spoken English as program materials are not provided
in other languages; self-reported lower-extremity
spasticity interfering with daily activities; willing to not
change medications during the study

Aged 18+ years; physician-confirmed diagnosis of MS
of any subtype; no MS relapse in the previous month;
self-reported history of two or more falls in the
previous two months; ability to walk at least 100 m
with or without intermittent or constant unilateral
assistance (EDSS <6.0); daily access to a computer and
willingness to respond to a daily online fall survey

Aged 18-64 years; physician-diagnosed MS; relapse-
free for the past 30 days; ability to walk with or
without an assistive device; willingness to complete
in-person assessments; physical inactivity defined as
<60 minutes/week of PA; low risk for
contraindications of PA based on the Physical Activity
Readiness Questionnaire; and physician’s approval for
participation

34

Did not speak English; unable to attend
group sessions (if they were to be allocated
to group treatment)

Other medical or mental conditions that
would interfere with participation

Conditions that would preclude reliable
participation or increase risk of injury
during the program

Not reported

Clinical
records/visits/Physician
referral; MS organization

Clinical
records/visits/Physician
referral

Clinical
records/visits/Physician
referral

MS organization; Existing
list of research volunteers



44,

45.

46.

47.

Learmonth
2017

Learmonth
2021

Molton
2019

Plow 2014

Aged 18-64 years; diagnosis of MS; PDDS scale score
<3.0; relapse free in past 30 days; willing and able to
participate in the intervention; non-exercisers (i.e.,
not participating in 30 or more minutes of structured
strength training AND, 30 or more minutes of brisk

walking OR moderate exercise in the last 3- months); a

PAR-Q score of <2 (physician approval was requested
for participants who had a PAR-Q score of 2)

Aged 18+ years; self-reported diagnosis of MS;
relapse-free in past 30 days; PDDS score of <4

Physician confirmed diagnosis of MS or clinically
isolated syndrome (CIS; a single episode of MS-like
symptoms), using the revised McDonald criteria;
diagnosed within the past 36 months; have at least
moderate psychological distress (on the basis of
scoring > 10 on the GAD-7 or the PHQ-9; able to read,
speak, and understand English

Aged 18-65 years; physician-confirmed diagnosis of
RRMS; ability to walk 25 feet with or without a cane

35

Not reported

Not Reported

Not reported

Exercising for 2150 per week; pregnancy;
cardiopulmonary disease; >4 falls in the
past six months; severe cognitive deficits;
inability to read and speak English at a
sixth-grade level; co-morbid condition
leading to hospitalization in the past year

Word of mouth/Snowball
sampling; MS organization;
Existing list of research
volunteers

MS organization; Existing
list of research volunteers

Clinical
records/visits/Physician
referral; Existing list of
research volunteers

Online; Clinical
records/visits/Physician
referral; MS organization



48. Ryan 2017

49, Schirda
2020

Self-reported diagnosis of MS; relapse free for the Pregnancy; ongoing participation in Other

past 3 months; a relapse will be defined as the trials
appearance of new symptoms, or the return of old
symptoms, for a period of 24hours or more, in the
absence of a change in core body temperature or
infection; independently ambulatory ata minimum
within their home with or without a walking aid; free
of unstable medical conditions, for ex-ample, unstable
angina; able to travel to the Berkshire MS Therapy
Centre for the intervention; fluent in English to a
standard sufficient for completion of the trial
assessment and intervention; ability to comprehend
and follow all instructions relating to participation in
the study including providing informed consent,
completing the outcome measures or participating in
the intervention

Aged 30-59 years; clinically significant diagnosis of MS; Not reported
relapse free for prior 30 days; absence of comorbid

neurological disorder(s); score 23 on the MMSE;

corrected visual acuity of at least 20/40; no

experience with mindfulness mediation or cognitive

training within the past year; and computer and

Internet access at home

36

Clinical
records/visits/Physician
referral; MS organization

Online; Posters; Clinical
records/visits/Physician
referral



50. Sebastiao
2018

51. Siengsukon
2020

Aged 60+ years; clinically definitive diagnosis of MS;
relapse-free for the past 30 days; ability to walk with

or without assistive device (i.e., cane); willing and able

to participate in a 12-week home-based exercise
regimen using hybrid approach; non-exercisers
(operationalized to be not engaging in structured
exercise 2 + days/week); asymptomatic (i.e., one or

fewer affirmatives on the PAR-Q or physician approval

for undertaking exercise training for those with 2 or
more affirmatives on the PAR-Q; scoring 213 points in
the Telephone Interview for Cognitive Status,
indicating no more than mild cognitive impairment

Aged 18-64 years; RRMS or SPMS; report difficulty
falling asleep, maintaining sleep, or waking up too
early at least 3 nights/week for the past 6 months;
Score 210 on Insomnia Severity Index; English
speaking; Score 224 on the MMSE
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not reported

Known untreated sleep disorder (i.e., sleep
apnea or restless leg syndrome); Score >4
on STOP BANG (indicating elevated risk of
sleep apnea); increased risk of restless leg
syndrome on RLS-Diagnosis Index; Score of
>15 on the PHQ-9) indicating severe
depression or endorse any suicidal
ideation; history of alcohol/drug
dependence or nervous system disorder
other than MS; severe neurological or
sensory impairments that would interfere
significantly with testing; relapse and/or
corticosteroid use in past 8 weeks;
performs shift work

Online; Media; Mail; MS
organization; Existing list of
research volunteers

Clinical
records/visits/Physician
referral; MS organization;
Existing list of research
volunteers



52. Stuifbergen
2012

53. Suh 2015

54. Thomas
2017

Aged 18-60 years; able to understand and comply
with the study protocol including reading and writing
in English; visual acuity with correction sufficient to
work on a computer screen; clinically definite multiple
sclerosis for at least six months that was documented
by a physician and stable disease status at the time of
study entry

Aged 18-64 years; definite diagnosis of RRMS;
independently ambulatory or ambulatory with a single
point assistance (e.g., cane); relapse free in the past
30 days; nonactive defined as not engaging in regular
physical activity (i.e., 30 minute-accumulated per day)
on > 3 days of the week during the previous 6
months); free of contraindications for physical activity
(e.g., no underlying cardiovascular disease) based on
PAR-Q; having the visual ability necessary to read 14
point font

Aged 18+ years; a clinically definite diagnosis of MS;
satisfied a risk assessment - relatively physically
inactive (active for a period of 30 min or more on <5
days per week); having a suitable television at home;
living with Poole/Bournemouth conurbations
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Other medical causes of dementia; other
neurological disorders that might impact
cognition; evidence of major psychiatric
disorder; major functional limitations that
precluded them from participating in the
study

Not reported

APDDS Scale score of 1 or 26 (equivalent to
an EDSS score of 1 or 26; a relapse within
the past 3 months that required treatment
with corticosteroids and/or a hospital
admission; already participating in exercise
or rehabilitation research; a medical
condition placing an individual at risk from
exercise participation; owns a Wiiand is
currently using it on a weekly basis or
more; unwilling or unable to comply with
the protocol (e.g., long vacation planned).

Clinical
records/visits/Physician
referral; MS organization

Existing list of research
volunteers

MS organization



55. Tosh 2014

56. vanKessel
2016

Aged 18-65 years; clinical diagnosis of MS with an
EDSS score of between 1.0 and 6.5; able to walk 10 m
distance; clinically stable for at least 4 weeks prior to
entering the study; participants on disease modifying
therapy (Interferon, Glatiramer Acetate, Mitoxantrone
and Natalizumab) must have been stable on this
treatment for at least 3 months prior to entering the
study; physically able to participate in some form of
exercise three times per week; able to provide written
informed consent

A definite diagnosis of MS from a neurologist;
ambulatory with or without a stick for at least 100m;
A Chalder Fatigue Scale score of 24; willingness to
abstain from any new psychological or
pharmacological treatment for fatigue during the
duration of the study; New Zealand resident

Failure to meet any of the inclusion
criteria; experiencing illness that impairs
the ability to be physically active three
times per week; unwilling to be
randomized to either the exercise
intervention or usual care control group;
living more than 20 miles from the trial
centre; already engaged in purposeful
structured exercise or brisk walking >3
times per week for 230 min per session for
at least 6-months

Not reported

Clinical
records/visits/Physician
referral; MS organization

Clinical
records/visits/Physician
referral; MS organization
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Table 3: Description of enrolled participants

Ref Total No.of No. of Females Mean Age in years (EG/CG/CG)  MS Phenotype Race and/or ethnicity
sample Groups (EG/CG/CG)
Effectiveness/Efficacy (n=36)
1. Barlow 2009 216 3 57 44 56 48+ 10 51+12 55+14 Not reported White: 207
Not reported: 9
2. Bombardier 130 2 53 48 - 48+41-54 45%41-52 - RRMS: 91 White: 124
2008% PPMS: 7 Black: 2
SPMS: 13 Latinx/Hispanic: 1
Other: 3 Arab: 2
Not reported: 17 Asian: 1
Not reported: 1
3. Bombardier 92 2 39 40 - 4719 5018 - RRMS: 68 White: 85
2013 RPMS: 1 Indigenous: 2
PPMS: 3 Other/Did not
SPMS: 13 disclose: 5
Not reported: 7
4., Charvet 2017 135 2 50 54 - 48+13 52411 - RRMS: 89 White: 114
PPMS: 7 Black: 10
SPMS: 35 Latinx/Hispanic: 10
Not reported: 4 Other/Did not
disclose: 11
5. Egner 2003 27 3 6 5 6 4119 49110 4815 Not reported Black: 10
Not reported: 17
6. Ehde 2017 190-200 2 - - - - - - - -
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10.

11.

12.

13.

Ehde 2015

Ehde 2019

Finlayson 2011"

Goodwin 2020

Goverover
2018

Hansen 2015

Houniet-deGier
2020"

163

240

181

38

35

27

166

67

143

11

13

10

75

17

13

51+10

49+13

50+9

46+11

41

53+10

47+10

49+9

48+10

RRMS: 91 White: 136

PPMS: 72 Black: 19
Latinx/Hispanic: 3
Other/Did not
disclose: 5

RRMS: 95 White: 159

RPMS: 11 Black: 18

PPMS: 16 Other/Did not

SPMS: 39 disclose: 3

Not reported: 20

RRMS: 22 White: 38

PPMS: 4

SPMS: 10

Other: 1

Not reported: 1

RRMS: 24 White: 19

PPMS: 4 Black: 13

SPMS: 7 Latinx/Hispanic: 3

RRMS: 18 White: 27

RPMS: 1

PPMS: 3

SPMS: 3

Not reported: 2



14.

15.

16.

17.

18.

19.

20.

Hugos 2019

Jeong 2021

Kargarfard
2018

Lincoln 2020

Martini 2018

Mathiowetz
2005"

McAuley 2007"

218

45

32

449

40

169

80

23

17

178

140

23

77

10

15

148

54+10

58+12

45+10

5619

48+8

4418

42

54+11

56+13

36+7

55+1

RRMS: 127
PPMS: 52
SPMS: 36

Not reported: 3

Not reported

RRMS: 32

RRMS: 291
PPMS: 46
SPMS: 112

Not reported

RRMS: 104
RPMS: 3
PPMS: 10
SPMS: 32

Not reported: 20

RRMS: 24
PPMS: 1
SPMS: 1

White: 165
Black: 38
Other/Did not
disclose: 15

White: 27
Black: 14

Latinx/Hispanic: 6

Asian: 2
Other/Did not
disclose: 1
Asian: 32

White: 432
Black: 6
Asian: 5
Other/Did not
disclose: 6
White: 2
Black: 4

Not reported: 34

White: 157
Black: 7

Latinx/Hispanic: 2

Other/Did not
disclose: 3

White: 24
Black: 2



21.

22,

23.

24.

25.

26.

27.

McGibbon
2018

Miller 2011

Mohr 20047

Mohr 2007

Mohr 2012

Moss-Morris
2013

Motl 2019"

29

206

63

127

121

94

500

88

45

47

51

35

73

51

50

30

48+11

45+10

49+10

42+9

43

50+10

48+9

47+1

43+11

Not reported

Not reported

Not reported

Not reported

RRMS: 118
SPMS: 2

Not reported: 1

RRMS: 73
PPMS: 12
SPMS: 9

White: 21

Black: 5
Latinx/Hispanic: 3
Asian: 1
Other/Did not
disclose: 2
White: 158

Not reported: 48

White: 52

Black: 5
Latinx/Hispanic: 3
Asian/Other: 3

White: 114

Black: 6
Latinx/Hispanic: 2
Asian: 1
Indigenous: 2
Other/Did not
disclose: 2
White: 100

Not reported: 21

White: 71
Not reported: 23



28.

29.

30.

31

32.

33.

34.

*

Pinto 2019

Plow 2019

Plow 2020"

Rimmer 2018"

Stuifbergen
2003

Stuifbergen
2018

Thomas 2013

90

208

582

820

113

183

164

55

56

80

61

63

57

80

58

58

51+9

50+8

48+10

44

49+9

5049

RRMS: 176
RPMS: 1

PPMS: 6

SPMS: 11

Not reported: 14

RRMS: 62
Not reported: 51

RRMS: 125
RPMS: 2

PPMS: 8

SPMS: 24

Other: 6

Not reported: 17

RRMS: 75
PPMS: 13
SPMS: 39
Other: 32
Not reported: 5

White: 187
Not reported: 21

White: 92

Black: 13
Latinx/Hispanic: 3
Asian: 1
Other/Did not
disclose: 4
White: 137

Black: 34
Latinx/Hispanic: 18
Other/Did not
disclose: 12

White: 149
Other/Did not
disclose: 15



35. Turner 2016 64 9 14 - 53+12 54+13 - RRMS: 42 White: 53
Other: 22 Other/Did not
disclose: 11
36. Young 2019 81 22 20 24 50127 48126 47110 Not reported White: 44
Black: 35
Other/Did not
disclose: 2
Pilot/Feasibility (n=20)
37. Block 2021 22 11 7 - 48112 4719 - RRMS: 10 White: 11
PPMS: 9 Black: 5
SPMS: 1 Latinx/Hispanic: 2
Not reported: 2 Asian: 1
Other/Did not
disclose: 4
38. Bogosian 2015 40 9 13 - 5318 51+10 - PPMS: 17 White: 36
SPMS: 23 Other/Did not
disclose: 4
39. Cederberg 14 6 5 - 56110 5713 - RRMS: 13 White:12
2021 PPMS: 1 Black: 2
40. dasNair 2016 21 8 7 - 49+10 4849 - RRMS: 14 White: 18
PPMS: 4 Other/Did not
Other: 1 disclose: 3
Not reported: 2
41. Hugos 2017 38 13 16 - 53+12 53+13 - RRMS: 18 White: 36
PPMS: 10 Other/Did not
SPMS: 10 disclose: 2
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42.

43.

44,

45.

46.

47.

48.

49.

Kannan 2019

Klaren 2014

Learmonth
2017

Learmonth
2021"

Molton 2019

Plow 2014

Ryan 2017°

Schirda 2020

30

70

57

52

48

30

382

61

11

24

28

16

14

16

10

30

27

19

16

16

- 5411

- 49+10

- 40+11

- 47+9

15 4747

46

58+10

48+9

36+11

48+10

45+9

RRMS: 8
PPMS: 9
SPMS: 13

RRMS: 58
Not reported: 12

- RRMS: 51

SPMS: 1

Not reported: 5

- Not reported

- Not reported

4618 RRMS: 59

PPMS: 1

Not reported: 1

White: 29
Not reported: 1

White: 68
Not reported: 2

White: 38

Black: 17
Latinx/Hispanic: 1
Indigenous: 1

White: 41

Black: 1
Latinx/Hispanic: 3
Multi-racial: 6

Racial minority: 10
Not reported: 20

White: 44
Black: 14
Other/Did not
disclose: 3



50.

51.

52.

53.

54.

55.

56.

Sebastiao 2018

Siengsukon
2020

Stuifbergen
2012"

Suh 2015

Thomas 2017

Tosh 2014

vanKessel 2016

25

30

61

68

30

120

39

13

29

30

14

43

11

25

26

13

43

18

10

64+4

48+9

50+8

51+8

4619

48+9

48+9

57+10

RRMS: 23
SPMS: 2
Other: 1

RRMS: 27
SPMS: 3

Not reported

RRMS: 66
Other: 2

RRMS: 21
PPMS: 1

SPMS: 5

Other: 1

Not reported: 2

RRMS: 98
PPMS: 4
SPMS: 18

RRMS: 26
SPMS: 5
Other: 8

White: 25

White: 28
Other/Did not
disclose: 2
White: 54
Black: 2
Other/Did not
disclose: 5
White: 65

Not reported: 3

White: 30

White: 111
Not reported: 9

White: 39

Key: " indicates protocol studies; " indicates studies that reported total sample; * indicates median and IQR reported for age

Ref — Reference; EG — Experimental group; CG — Control group; MS — Multiple sclerosis; RRMS — Relapsing remitting multiple sclerosis; RPMS —
Relapsing progressive multiple sclerosis; PPMS — Primary progressive multiple sclerosis; SPMS — Secondary progressive multiple sclerosis
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Figure caption

Fig 1 Flow diagram of the study selection process



