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Introduction
Rehabilitation is a critical component of comprehen-
sive multiple sclerosis (MS) care1 and of health sys-
tems overall.2 By definition, rehabilitation focuses on 
optimizing functioning by targeting a person’s capac-
ity and/or the physical, social, and attitudinal factors 
in the environment that impact their abilities and 
opportunities to perform everyday activities.3,4 To 
optimize functioning, rehabilitation providers must 
consider the contextual factors that influence the daily 
lives of people with MS (e.g. life stage, income, edu-
cation, living situation, employment, community fea-
tures) during assessment, goal setting, intervention 
selection, and outcome evaluation.5 These contextual 
factors mirror social determinants of health (SDoH), 

which have been described as the non-medical factors 
that influence health outcomes and contribute to sys-
tematic differences in health status across groups (i.e. 
health inequity).6

In addition to context, rehabilitation providers must 
also consider the availability and generalizability of 
research evidence during the MS rehabilitation pro-
cess.7 Rehabilitation providers use research evidence 
to guide the selection, application, and evaluation of 
specific rehabilitation approaches for an individual 
client, given their functional problems and contextual 
situation. The extent to which evidence can be used 
confidently to guide clinical practice depends, in part, 
on the information provided in published studies. 
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Information about the selection and description of 
research participants is particularly important.8 If 
research participants lack the diversity of individuals 
seen in clinical practice or if their context is inade-
quately described in published studies, it is difficult 
for rehabilitation providers to determine whether 
interventions and their findings can be applied to their 
own clients.7–9

One of the goals of a 2-day workshop hosted by the 
International Advisory Committee on Clinical Trials 
in MS in December 2022 was to discuss strategies to 
enhance diversity of clinical trial populations and 
review implications for study design, recruitment, and 
cultural safety.10 This scoping review was conducted 
to inform these discussions. We applied a SDoH lens 
to ask the following questions: To what extent do MS 
rehabilitation researchers include people from diverse 
backgrounds in their clinical trials? What strategies 
are being used to recruit participants into MS rehabili-
tation trials? Who is being excluded, explicitly or 
implicitly, from these trials? What participant charac-
teristics are being reported in trial findings? Our over-
all goals were to summarize the extent to which the 
diversity of people with MS has been addressed in 
rehabilitation trials over the past 20 years and to 
reflect on strategies that could be applied in future 
rehabilitation trials to support equity and diversity in 
both research and clinical decision-making.

Methods
This scoping review was guided by the Arksey and 
O’Malley11 framework. Since PROSPERO does not 
include scoping review protocols, no protocol was 
registered for this review.

Search strategy
We searched OVID MEDLINE, CINAHL, and Web of 
Science to capture research literature in the health sci-
ences. After consulting with a librarian, we used key-
word and index or subject heading terms to identify 
articles that included the following key concepts: mul-
tiple sclerosis, rehabilitation (including terms for 
physical therapy, occupational therapy, exercise, cog-
nitive rehabilitation, vocational rehabilitation, symp-
tom management, self-management), and randomized 
controlled trials (RCTs; including terms for clinical 
trials, comparative study, evaluation study). Full 
search details are available from the corresponding 
author upon request. Searches were limited to articles 
published over the past 20 years, starting January 
2002. No other search filters were used. The last search 
was conducted on 13 May 2022. Results were imported 

into Covidence (https://www.covidence.org/) to facili-
tate screening, full-text review, and extraction.

Screening for inclusion
Two phases of screening were performed: title and 
abstract, followed by full text. All authors were involved 
in both screening phases, with two reviewers indepen-
dently examining each article in each phase. Initial 
screening identified studies that summarized primary 
research using an RCT design of any rehabilitation inter-
vention that included persons with MS. Eligible studies 
had at least one functional outcome, as described by the 
International Classification of Functioning, Disability 
and Health (ICF).5 Citations were excluded if the abstract 
was not available in English, the publication source was 
a patient magazine (e.g. MS Momentum), or if the cita-
tion was for a dissertation, letter to the editor, a confer-
ence abstract, a case report, a psychometric study, or a 
meta-analysis, systematic, scoping, or narrative 
review. Animal research was excluded as were trials 
of dietary interventions and combination interventions 
that included a pharmaceutical product.

During full-text review, initial screening criteria were 
reapplied. In addition, studies that included people 
with MS but did not report results of people with MS 
separately from other populations were excluded. 
Studies reporting only the qualitative evaluations of 
an RCT were excluded. When reviewers disagreed 
about the inclusion status of a citation, the third 
reviewer examined the citation and a three-way dis-
cussion was held until consensus was reached.

Data extraction and analysis
All authors contributed to data extraction using the 
Covidence 2.0 customizable template. The template 
was developed by the first author and included jour-
nal, publication time period, study purpose, country, 
intervention details (e.g. setting, focus, method of 
delivery, number of groups, number of sessions, 
comparator(s), primary outcome), details of partici-
pant recruitment (e.g. number recruited, methods, 
explicit and implicit eligibility criteria), and partici-
pant descriptors, with a focus on SDoH. The first and 
second authors piloted the template, which led to the 
inclusion of “not reported” options for several items, 
as well as adding examples to some item definitions 
to enhance consistency and ease of use. Dual extrac-
tion was completed on the first 140 articles to ensure 
consistency. No formal measures of agreement were 
used because differences in capitalization and punc-
tuation generated messages of inconsistency even if 
the critical content was the same between extractors. 
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The remaining articles were extracted by a single 
author and checked by another one to ensure that all 
extraction categories were complete. We did not con-
duct quality appraisals because our focus was on syn-
thesis of descriptive features of studies, not on 
synthesis of actual study results.

Completed extractions were exported from Covidence 
and then imported into Microsoft Excel for data review, 
checking, and cleaning. The final dataset was imported 
into SPSS version 28.0.0.1 to facilitate descriptive 
analysis and data synthesis, focusing on when and 
where rehabilitation trials have been conducted, the 
focus and characteristics of trials, participant recruit-
ment methods, who is being explicitly or implicitly 
excluded, and how participants are being described. 
Bivariate analyses (Fisher’s exact text) explored 
whether there were associations between trial charac-
teristics and (a) recruitment methods, (b) exclusion cri-
teria, and (c) reporting of participant descriptors. No 
statistical adjustment was done for multiple testing.

Results

Selection of sources of evidence
A total of 1920 citations were identified in the search 
process (see Figure 1). A total of 231 duplicates were 

removed by Covidence. A total of 1679 citations 
were screened (titles and abstracts), 1210 were 
deemed irrelevant, and 467 moved to full-text 
review. A total of 177 studies were excluded at the 
full-text review stage, most often because none of 
the outcomes reflected functioning (n = 57), the 
study was not an RCT (n = 31), or the intervention 
was not one typically provided by a rehabilitation 
professional (n = 26). Two hundred and ninety arti-
cles were included in data extraction. Of these 
papers, 38 were trial protocols and 9 were secondary 
analyses of trial data. These articles were not included 
in the final analyses to reduce the risk of double-
counting information from an individual study, leav-
ing a total of 243.

Characteristics of sources of evidence
Supplementary file 1 summarizes the key characteris-
tics of the 243 included studies. Studies were con-
ducted across 30 different countries, with 3 (1.2%) 
involving multi-country investigations. Findings were 
published in 88 different journals, 55 of which con-
tained only a single article. The three most common 
journals in which rehabilitation trials were published 
included Multiple Sclerosis Journal (n = 36; 14.8%), 
Clinical Rehabilitation (n = 26; 10.7%), and Archives 
of Physical Medicine and Rehabilitation (n = 18, 7.4%). 

1920 references imported for 
screening as 1910 studies

231 duplicates removed
1679 studies screened 
against �tle and abstract

1210 studies excluded
467 studies assessed for full-
text eligibility

177 studies excluded
57  Wrong primary outcome 
38  Not an RCT
30  Not a rehab interven�on 
16  Unable to access full text
9  Duplicate
9  Not people with MS
6  MS results not reported separately
5  Ar�cle is not in English
3  Other
2  Disserta�on
2  Abstract only 

290 studies extracted
38 trial protocols
9 secondary analyses

243 studies for analysis

Figure 1. PRISMA chart for search and selection of articles for the scoping review.
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There has been a steady increase in the number of MS 
rehabilitation trials published over time, from 21 
between 2002 and 2006, to 126 between 2017 and 2022.

Focus, features, and outcomes of MS 
rehabilitation trials
Exercise interventions were the most common 
(n = 132; 54.3%), followed by self-management/
behavior change (n = 46, 18.9%), cognitive (re)train-
ing (n = 36, 14.8%), neurorehabilitative (n = 21, 8.6%), 
and mixed (n = 8, 3.35). Sample sizes ranged from 8 to 
449, with a mean of 65 (SD = 63), with the average 
sample size being the largest in the self-management 
trials (mean = 114, SD = 80) and smallest in the neu-
rorehabilitative trials (mean = 40, SD = 28). Trials 
were most often conducted in clinical settings (n = 79; 
32.5%), offered in an individual format (n = 122; 
50.2%), delivered face-to-face (n = 164, 67.5%), and 
included more than 12 intervention sessions (n = 142, 
58.4%). Most studies randomized participants into 
two groups (n = 206, 84.8%), with the comparator 
condition most often being an alternative intervention 
(e.g. different dose, different delivery format) (n = 71, 
29.2%) or usual care (n = 66, 27.2%). Across all stud-
ies, the primary outcome was most often a measure of 
impairment (n = 158, 65.0%), as per the ICF. Examples 
included measures of symptom severity (e.g. fatigue, 
pain, spasticity), physical assessments (e.g. balance, 
cardiorespiratory function, spatio-temporal measures 
of gait), and cognitive tests (e.g. word association, 
attention, memory). Among activity outcomes (n = 58, 
23.9%), measures of walking and mobility were most 
common (e.g. timed 25-foot walk, 6-minute walk, 
timed up and go).

Recruitment methods
Twenty-two studies (9.1%) did not report recruit-
ment method. When methods were reported 
(n = 221), recruitment was most often achieved 
through a single approach (n = 144; 65.1%), and 
most often through a MS clinic (122/144; 84.7%), 
followed by an MS organization (19/144; 13.2%). 
The most methods used in a study was 5, with only 
three studies employing this number of methods. 
The use of single versus multiple methods of 
recruitment was associated with the setting of the 
intervention (p < 0.001) but not with the focus of 
the intervention. Trials conducted in clinical set-
tings were most likely to use a single method of 
recruitment, whereas those offered in mixed set-
tings were most likely to use two or more 
methods.

Participant selection criteria
Across all studies, 15,787 people with MS partici-
pated. Two studies did not report exclusion criteria 
(Table 1). For the remaining studies, the most com-
mon reasons for exclusion were presence of physical 
comorbidities (n = 184; 75.7%), disability level 
(n = 179; 73.7%), age (n = 148; 60.9%), cognitive 
impairment (n = 100; 41.1%), and mental health 
comorbidities (n = 97; 40.0%). While less common, 
participants were also excluded for language, literacy, 
or education level (n = 54; 22.2%) or lack of access to 
technology (n = 16; 6.6%). Exclusion criteria were 
associated with the focus of the intervention (see final 
column of Table 1), with exercise interventions most 
likely to exclude for disability level, whereas cogni-
tive interventions were most likely to exclude for age, 
mental health comorbidities, and language, literacy, 
or education level. Self-management interventions 
were most likely to exclude for lack of access to 
technology.

In addition to these explicit exclusion criteria, several 
trial features may have further restricted the study 
samples. For example, 200 trials (82.3%) required in-
person attendance for assessment or intervention, 
which may have implicitly excluded some prospec-
tive participants. In addition, there was no evidence in 
215 (88.5%) of the studies that participants were pro-
vided with reimbursement for study costs (e.g. park-
ing, childcare, time off work). In 213 studies (88.0%), 
there was no evidence that the trial was offered to or 
accommodated individuals in rural or remote 
communities.

Participant description
The most common participant descriptors reported 
across the trials were age (n = 238; 97.9%) and bio-
logical sex (n = 226; 93.0%). The next most common 
characteristics were education (n = 74; 30.5%) and 
employment status (n = 46, 18.9%). All other SDoH 
characteristics were reported in less than 10% of stud-
ies (Table 2), with no studies reporting on gender 
identity and only one study reporting on community 
type. Self-management interventions were most likely 
to report employment status, race and/or ethnicity, 
living arrangements, and income, whereas cognitive 
interventions were most likely to report education 
(see final column of Table 2).

Discussion
The overarching goal of MS rehabilitation is to opti-
mize functioning, considering the contexts in which 
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individuals carry out daily activities. In order for reha-
bilitation providers to confidently select contextually 
relevant interventions for their patients using available 
trial evidence, they must carefully consider how MS 
rehabilitation trials have recruited, selected, and 
described their study participants. This scoping review 
has illustrated that MS rehabilitation trials published 
over the past 20 years have used limited recruitment 
methods, restricted samples, and reported very few 
details about participants that would aid providers in 
their clinical decision-making. These knowledge gaps 
have implications for moving evidence into practice, 
rehabilitation service delivery and outcomes, and 
opportunities to support the reduction of health ineq-
uities through the rehabilitation process.12 The find-
ings from this review add a rehabilitation dimension 
to the existing literature regarding the lack of partici-
pant diversity and inclusion in MS trials.6,10,13,14

The MS rehabilitation trials included in this review 
depended heavily on MS Clinics and MS organiza-
tions to recruit participants. Using these approaches 
does increase confidence that the individuals recruited 
meet necessary diagnostic criteria. Yet, research from 
the United States has shown that there is not equitable 
access to MS specialty services and to other support-
ive care14–16 across racial and ethnic groups. This 
means that depending on these recruitment 
approaches will negatively impact participant diver-
sity. Literature shows that recruiting diverse indi-
viduals into clinical trials requires multi-pronged, 
non-traditional approaches such as geo-marketing, 
partnerships with non-specialist community provid-
ers, community engagement with local agencies, and 
meaningful involvement of patient partners in the 
research process.17–20 There is existing evidence that 
these strategies are effective, both for the develop-
ment of MS registries21 and MS exercise trials.22

Recently, guidelines for health research recruitment 
materials targeting African Americans and Latinos 
were developed and piloted in the United States.23 
Findings indicated the importance of tailored mes-
sages that address socio-cultural (e.g. beliefs and val-
ues), linguistic preferences, and motivations for 
participation. Application and evaluation of these 
guidelines in MS rehabilitation research, and MS tri-
als in general, may enhance participant diversity in 
MS research. Application of these guidelines may aid 
researchers in better understanding the perceived cul-
turally safety of various MS rehabilitation interven-
tions, which could lead to important modifications 
and additional intervention development. Ultimately, 
going beyond the traditional participant recruitment 
methods will require researchers and funders to find 

ways to account for the additional time and costs 
associated with recruiting diverse participants.

Recruiting diverse participants for MS rehabilitation 
trials will also require (re)consideration of inclusion 
and exclusion criteria, both explicitly identified ones 
and those that are implicit given the practical demands 
of trial participation (e.g. attendance schedules, reim-
bursements/incentives). Participation criteria must 
consider issues of ethics, safety and potential con-
founders,24 and where the study falls in the pragmatic-
explanatory continuum.25 The findings from this 
review suggest that participant criteria—both explicit 
and implicit—may be restricting diversity of MS reha-
bilitation trials, yet the lack of description of partici-
pants beyond age and sex may be masking important 
diversity information (e.g. education, income, living 
situation, language). Therefore, addressing inadequate 
description of participants and how they are supported 
to engage in trials is necessary before any critique of 
inclusion/exclusion criteria can be levied.

Inadequate participant description in rehabilitation tri-
als has been previously identified as a methodological 
issue that requires attention.26 The Cochrane Equity 
Group has published a CONSORT extension for better 
reporting of health equity in randomized trials,27 which 
includes items related to reporting relevant baseline 
characteristics using the PROGRESS plus frame-
work.28 To meaningfully use these tools in MS reha-
bilitation trials, discussions are needed to determine 
which equity issues are most relevant to support the 
translation of research into practice. Marrie et al.10 
have proposed that minimal equity descriptors for MS 
trials should include sex, gender, race and ethnicity, 
education, and place of residence. MS rehabilitation 
trialists need to consider if other equity descriptors are 
needed given our focus on functioning.

Despite the knowledge gained through this scoping 
review, it is not without limitations. Although a librar-
ian was consulted about the search, the search was 
conducted by the first author. In addition, only three 
databases were used, none of which have a focus on 
social sciences, which could have resulted in missing 
trials focused on social functioning interventions, and 
those with a focus on work and educational function-
ing. Out of necessity, we focused on English language 
articles, which is a limitation. Nevertheless, the stud-
ies included were conducted in 30 different countries, 
many of which are not English-speaking. Finally, 
although attempts were made to merge studies in 
Covidence that were reporting on the same trial, it is 
possible that some were missed and therefore some 
double-counting is possible.
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Conclusion
Unfavorable SDoH contribute to health inequities 
by restricting health-related choices, access to 
health care, and making it more difficult to engage 
in the rehabilitation process.12 The findings of this 
scoping review indicate that, moving forward, there 
are multiple opportunities to improve participant 
diversity and inclusion in MS rehabilitation trials 
over the past 20 years. Trialists need to explicitly 
leverage what is already known about recruiting 
diverse participants into rehabilitation trials, and 
publish what is learned about which strategies work 
and which do not for different intervention types 
and in different settings. Trialists also need to report 
on known equity-relevant characteristics of study 
participants, and to the extent possible, leverage 
these data to inform strategies to facilitate equitable 
access to research participation and, ultimately, to 
evidence-based rehabilitation services for all people 
with MS.
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