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Abstract
It is increasingly recognized that cognitive symptoms are a common sequelae of relapsing-remitting multiple sclerosis and are associ-
ated with adverse functional consequences. However, estimates of cognitive impairment (CIm) prevalence vary widely. This study 
aimed to determine the pooled prevalence of CIm among adults with RRMS and investigate moderators of prevalence rates. Following 
prospective registration (PROSPERO; CRD42021281815), electronic databases (Embase, Scopus, Medline, and PsycINFO) were 
searched from inception until March 2023. Eligible studies reported the prevalence of CIm among adults with RRMS, as determined 
through standardized neuropsychological testing and defined as evidence of reduced performance across at least two cognitive domains 
(e.g., processing speed, attention) relative to normative samples, healthy controls, or premorbid estimates. The electronic database 
search yielded 8695 unique records, of which 50 met selection criteria. The pooled prevalence of cognitive impairment was 32.5% 
(95% confidence interval 29.3–36.0%) across 5859 participants. Mean disease duration and age were significant predictors of cognitive 
impairment prevalence, with samples with longer disease durations and older age reporting higher prevalence rates. Studies which 
administered more extensive test batteries also reported significantly higher cognitive impairment prevalence. Approximately one third 
of adults with RRMS experience clinical levels of CIm. This finding supports the use of routine cognitive testing to enable early detec-
tion of CIm, and to identify individuals who may benefit from additional cognitive and functional support during treatment planning.
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Introduction

Multiple sclerosis (MS) is a chronic, autoimmune disease 
which affects approximately 36 per 100,000 people world-
wide (Walton et  al., 2020). The most common disease 

course, relapsing-remitting MS (RRMS), constitutes 85% 
of cases and is marked by distinct episodes of symptom 
relapse and remission (Leray et al., 2016), while the other 
disease courses involve progressive worsening of symptoms. 
Although the most prominent symptoms are in sensorimo-
tor function, increasing emphasis has been placed over 
recent decades on cognitive effects. Cognitive impairment 
(CIm) may be a particularly disabling consequence of MS, 
affecting employment status (Clemens & Langdon, 2018), 
medication adherence (Bruce et al., 2010), management of 
finances (Goverover et al., 2019), social functioning (Rao 
et al., 1991a), and ability to perform activities of daily living 
(Yazgan et al., 2021). Preservation of cognition is frequently 
endorsed as a priority among people with MS (Day et al., 
2018; Heesen et al., 2008), with one qualitative study high-
lighting that people with MS were supportive of routine cog-
nitive testing as a means to document an under-addressed, 
‘invisible’ symptom, and to advance research in this area 
(Mortensen et al., 2020).

Despite acceptance that CIm is a potential symptom of 
MS, estimates of impairment prevalence are equivocal and 
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have not been explored meta-analytically or specifically for 
people with RRMS. Estimates frequently cited in the litera-
ture are broad in range, such as the 40–65% range reported 
in a seminal literature review (k = 11, n = 640) by Amato 
and colleagues in 2006 (Amato et al., 2006), and do not 
provide a specific overall prevalence estimate. Additionally, 
the reviewed studies are now many decades old and do not 
utilize current best practice methods or tests for assessing 
CIm prevalence (Parsons et al., 1957). Moreover, the sam-
ples within studies which sought to estimate CIm prevalence 
within the MS population are largely unrepresentative as 
they are small (n < 100) or recruited from community sam-
ples (McIntosh-Michaelis et al., 1991; Rao et al., 1991a) 
which may vary in CIm prevalence to clinic-based samples 
(Amato et al., 2006). Furthermore, these studies did not dif-
ferentiate between those with RRMS and the progressive 
courses of MS, which typically involve more severe cog-
nitive dysfunction (Johnen et al., 2017). Thus, the current 
literature lacks a precise, recent, and representative estimate 
of the overall prevalence of CIm among people with RRMS. 
This estimate would be of great interest to neurologists and 
other health professionals involved in the care of people with 
RRMS, as many newly diagnosed people with RRMS report 
concerns about their cognition (Day et al., 2018; Heesen 
et al., 2008). An updated and more rigorous estimate of CIm 
prevalence may increase confidence in patient communica-
tion regarding the risk of developing CIm. This estimate may 
also guide service provision by informing resource alloca-
tion within MS health care settings toward cognitive health.

The aim of this study was to estimate the pooled prev-
alence of CIm in RRMS through a systematic review and 
meta-analysis of the literature. The primary outcome of 
interest was CIm prevalence as determined through stand-
ardized neuropsychological testing, where at least two cog-
nitive domains (e.g., attention, memory, executive function-
ing) must be reduced to meet criteria for CIm. This is not 
only considered best practice (Hancock et al., 2022) but also 
allows exclusion of studies which only examine one cogni-
tive domain, given that domains are differentially affected 
in MS (Prakash et al., 2008) and single-domain studies are 
thus likely to misrepresent the overall CIm prevalence. This 
restriction was also adopted to increase the precision of the 
prevalence estimate, particularly as previous meta-analyses 
estimating CIm prevalence in other conditions have found 
the high variability of definitions across studies to be a bar-
rier to interpretation of their findings (Rayes et al., 2018; 
Sexton et al., 2019; Yohannes et al., 2017). However, other 
definitional aspects of CIm, such as the standards deemed to 
indicate impaired test performance, also have the potential to 
impact estimates of prevalence. Thus, a secondary aim of this 
study was to review the definitions of CIm used and examine 
whether this, in addition to clinical, demographic, and meth-
odological variables, moderates reported prevalence rates.

Method

Registration

This study was conducted according to the Preferred 
Reporting Items for Systematic Review and Meta-Analyses 
(PRISMA) checklist. The protocol was prospectively pub-
lished on PROSPERO (CRD42021281815).

Eligibility Criteria

Studies were included if they determined the prevalence 
of CIm using standardized neuropsychological measures 
among adults (at least 18 years) diagnosed with RRMS, and 
reported the proportion of participants who were impaired 
in two or more cognitive domains. Also eligible were studies 
which used more than one test to measure a single cognitive 
domain, and defined CIm as two tests in the impaired range 
spread across at least two different domains.

Exclusion criteria were studies which (1) only used a 
cognitive screening measure rather than a neuropsycho-
logical test battery, e.g., Montreal Cognitive Assessment 
(MoCA) or Mini-Mental State Exam (MMSE), given reports 
that screens have limited sensitivity for detecting CIm in 
MS (Portaccio et al., 2009a, b; Sehanovic et al., 2020); (2) 
used self-report rating scales to determine CIm; (3) only 
required impairment in one cognitive domain for CIm and 
did not report proportion of participants impaired in two or 
more domains; (4) aggregated performances over multiple 
cognitive domains to a single index, as it was possible for 
individuals with an impairment in only one domain to meet 
CIm criteria under these conditions; (5) recruited partici-
pants with various disease courses and did not report the 
CIm prevalence for those with RRMS; (6) included partici-
pants with pediatric-onset MS; and (7) gauged participants’ 
cognitive status to determine their eligibility to participate 
(e.g., required a minimum score on a cognitive screen, only 
recruited people with cognitive complaints).

Where the same cohort was examined across multiple 
timepoints, only the publication associated with data col-
lected from the first timepoint was included. Additional data 
were requested from corresponding authors where relevant.

Search Strategy and Study Selection

Embase, Scopus, Medline, and PsycINFO were searched 
from inception to March 2023, with no restriction to sam-
ple size or the year or country of publication. The search 
strategy (Fig. 1 of the Supplement) combined keywords 
and Medical Subject Heading terms related to (1) multi-
ple sclerosis; (2) CIm; and (3) neuropsychological test-
ing. Duplicates were removed using an automated End-
Note function.
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One reviewer (W. W.) screened all titles and abstracts 
using the application Rayyan (Ouzzani et al., 2016) and 
a random 20% was independently assessed by a second 
reviewer (T. W.) to verify the accuracy and consistency of 
the screening process. Full-text articles were independently 
assessed by reviewers (W. W. and T. W.) using a standard-
ized eligibility spreadsheet, with excellent agreement (κ 
= .84). Studies published in non-English languages were 
reviewed following translation with Google Translate, which 
was effective for translating articles to review information 
relevant to the current study. Discrepancies were resolved by 
consensus, including with a third reviewer (H. F.).

Data Extraction

A standardized data extraction spreadsheet was used by two 
independent reviewers (W. W. and T. W.). The primary out-
come extracted was the number of participants with RRMS 
deemed to have CIm. Where multiple prevalence rates were 
reported according to different CIm criteria, the rate corre-
sponding with the authors’ primary definition of CIm was 
extracted. Other extracted data included study characteristics 
(country, recruitment setting, RRMS sample size), demo-
graphic and clinical variables (age, gender, disease duration, 
Expanded Disability Status Scale [EDSS]), and details about 
the measurement and definition of CIm (neuropsychologi-
cal tests, cut-off used to indicate test impairment, number 
of impaired domains required for CIm, and whether healthy 
controls, normative samples, or premorbid estimates were 
used as the comparison group).

Study quality was independently assessed by two review-
ers (W. W. and T. W.) according to the modified version 
of the Quality Assessment of Diagnostic Accuracy Stud-
ies (QUADAS) tool (Broen et al., 2012; Broen et al., 2016; 
Leboeuf-Yde & Lauritsen, 1995), available in Table 1 of 
the Supplement. The QUADAS has been recommended 
by the Cochrane Collaboration (Whiting et al., 2011), and 
was modified by Broen and colleagues (2012) according 
to criteria developed by Leboeuf-Yde and Lauritsen (1995) 
and Walker and colleagues (2000) to increase applicabil-
ity for prevalence studies. It includes 10 criteria regarding 
participant representativeness, data quality, description of 
method and results, and definition of prevalence. Points are 
allocated for each criterion, which are then summed into a 
model-free count score without estimation of a statistical 
model (Scherer & Emslander, 2024). A maximum score of 
19 points can be earned, with a score of 14 or higher indicat-
ing acceptable quality (Broen et al., 2012).

Statistical Analyses

Comprehensive Meta-Analysis (CMA) version 3.0 
(Borenstein et  al., 2013) was used to conduct analyses 

and generate plots. Following logit transformations of 
the prevalence rates, the pooled prevalence of CIm was 
estimated using a random-effect model with 95% confidence 
intervals (CIs). The logit-transformed prevalence rates were 
back-transformed into proportions to aid interpretability and 
ease of reporting. Between-study heterogeneity was assessed 
using the I2 statistic, with values above 40% considered to 
indicate moderate heterogeneity and values above 60% 
considered substantial (Deeks et al., 2019).

Meta-regression and subgroup analyses were conducted to 
determine moderators of CIm prevalence. Continuous vari-
ables of interest were year of publication, RRMS sample size, 
mean age, mean disease duration, proportion of female par-
ticipants, and number of neuropsychological tests adminis-
tered. Categorical variables were aspects of the definition of 
CIm used, including the cut-off used to determine impaired 
test performance (1.5 standard deviations [SDs], 1.67 SDs, 
or 2 SDs below the comparator’s mean), number of impaired 
tests required (2 or >2), and comparison group (normative 
values or healthy controls). As no studies used premorbid 
estimates, we were unable to include this as a level within 
subgroup analyses. Many studies reported EDSS using medi-
ans rather than means. We extracted whichever was reported 
and recoded this to a categorical variable. As no studies 
reported EDSS scores corresponding to severe neurological 
disability and only four studies reported scores in the moder-
ate range, those which reported EDSS below 2.0 (i.e., no dis-
ability) were recoded as lower EDSS and those 2.0 or greater 
were recoded as higher EDSS (Kurtzke, 1983). Study quality 
was also recoded to a categorical variable as it was inap-
propriate for meta-regression given the modified QUADAS 
yield model-free sum scores (Scherer & Emslander, 2024) 
and due to the restricted scores obtained. Majority of studies 
earned the same score of 12/20, with only one study meeting 
the minimum acceptable score of 14/20. Hence, studies with 
scores below 12 were recoded as lower quality and scores at 
or above 12 were recoded as higher quality, and were subject 
to subgroup analyses to identify whether the studies which 
earned a score lower than the mode of 12 reported different 
prevalence rates to the majority.

Risk of publication bias was assessed using a funnel plot 
and Egger’s test. Funnel plots which appear asymmetric and 
significant Egger’s tests are suggestive of publication bias. 
The trim-and-fill procedure was used to determine whether 
removal of any studies would improve funnel plot symmetry 
(Duval & Tweedie, 2000).

Results

The search yielded 21,878 articles, of which 13,185 were 
duplicates. Two additional articles were sourced from cor-
respondence with authors and reference lists. Of the 8695 
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titles and abstracts screened for eligibility, 183 were sought 
for full-text review. Fifty studies, which included data from 
5859 people with RRMS, met the inclusion criteria and were 
included in the analyses (reference list in Fig. 2 of the Sup-
plement). Details of the selection process are available in 
Fig. 1.

Study Characteristics

Characteristics of included studies are available in Table 1. 
Year of publication ranged from 2004 to 2023. All stud-
ies which reported the location where participants were 
recruited did so from a clinical setting (n = 43; 86%), most 
commonly a MS center (n = 32; 64%), with one study uti-
lizing both clinical and community sampling. Thirty-one 
studies (62%) solely recruited participants with RRMS, 
and the remainder recruited mixed samples with differ-
ent disease courses. Some mixed sample studies did not 
report demographic data for the participants with RRMS; 
these studies were included in the overall CIm prevalence 
estimate but were unable to be included in the moderator 
analyses if they did not report the relevant moderator.

Demographic and clinical characteristics were variably 
reported using means or medians, and some studies which 
recruited mixed samples did not report summary statistics 
for the subset of participants with RRMS. Thirty-eight 
(76%) studies reported sex of RRMS participants, with 
69% of these being female overall. Mean age of RRMS 
participants was reported or calculable in 36 (72%) studies 
and ranged from 30.5 to 58.1 years. Mean disease duration 
of RRMS participants was reported or calculable in 33 
(66%) studies and ranged from 2.1 to 27.0 years. Of studies 
which used the Expanded Disability Status Scale (EDSS) 
to measure neurological disability, means of RRMS par-
ticipants were reported or calculable in 26 (52%) studies 
and ranged from 1.3 to 4.2, and medians were reported in 
11 (22%) studies and ranged from 1.5 to 3.5.

Many studies used standardized batteries developed for 
use in MS populations. The most common was the Brief 
Repeatable Battery of Neuropsychological Tests (BRB-N; 
Bever et al., 1995) used in 29 (58%) studies, which served 
as a standalone battery for determining CIm in 12 of these. 
Seven (14%) studies used the Minimal Assessment of Cog-
nitive Function in MS (MACFIMS; Benedict et al., 2002), 

Fig. 1   Flow chart of the selec-
tion process for studies

Note. The reasons for exclusion exceed the number of reports as many reports were excluded for multiple 
reasons.

Records identified from:
Databases (n = 21,878)

Embase (n = 8806)
Scopus (n = 6332)
Medline (n = 4810)
PsycINFO (n = 1930)

Authors (n = 1)
Reference lists (n = 1)

Duplicates removed before screening using automation tools
(n = 13,185)

Records screened
(n = 8695)

Records excluded
(n = 8512)

Reports sought for retrieval
(n = 183)

Reports not retrieved
(n = 2)

Reports assessed for eligibility
(n = 181) Reports excluded (n = 131):

Conference abstract, brief report, or dissertation (n = 24)
Not yet peer-reviewed (n = 1)
Sample overlaps with another included sample (n = 10)
Recruitment involved means of gauging cognition (n = 8)
Included paediatric-onset MS (n = 3)
Included probable MS (n = 5)
Did not determine impairment prevalence (n = 6)
Did not recruit or report results for RRMS (n = 63)
Did not use neuropsychological battery (n = 4)
Did not require or report impairment in two domains (n = 53)
Did not state comparison group (n = 12)

Studies included in review
(n = 50)

Identification of studies via databases and registers
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three (6%) used the Brief International Cognitive Assess-
ment for MS (BICAMS; Benedict et al., 2012), and two 
(4%) used the Neuropsychological Screening Battery for 
MS (NSBMS; Bobholz & Rao, 2003). Forty-eight studies 
(96%) included a verbal fluency measure, though the type 
(e.g., phonemic or semantic fluency) differed across studies. 
Beyond this, the most frequently used test was the Symbol 
Digit Modalities Test (SDMT) used in 44 (88%) studies, fol-
lowed by the Paced Auditory Serial Addition Test (PASAT) 
used in 43 (86%) studies. The number of tests administered 
ranged from 3 to 16. Most studies administered five (k = 13; 
26%), six (k = 16; 32%), or seven (k = 10; 20%) tests in total, 
with seven studies (14%) administering more than six tests 
and four studies (8%) administering fewer than five tests.

The definitions of CIm varied. Selected studies used one of 
three cut-off points to indicate impaired performance on a test: 
17 (34%) studies used a cut-off of 1.5 SDs (i.e., 7th percentile) 
below the comparator group’s mean, 17 (34%) used a cut-off 
of 1.67 SDs (i.e., 5th percentile), and 16 (32%) used a cut-off 
of 2 SDs (i.e., 2nd percentile). Studies differed in whether they 
described their criteria as dependent on the number of ‘tests’ 
or ‘domains’ which were impaired. In some cases, this termi-
nology was functionally equivalent; for instance, many studies 
used standardized batteries which allocate the same test(s) to 
each cognitive domain. Most studies (n = 38; 76%) required 
impairment in at least two tests or cognitive domains for a par-
ticipant to be considered impaired, while six (12%) required 
three tests, and one (2%) required four. Five (10%) studies only 
required one impaired test for CIm but reported the number 
of participants with two or more impaired tests; this data was 
extracted for the analyses. Thirty-five (70%) studies compared 
RRMS participants’ performances against published normative 
values and the remaining 15 (30%) recruited healthy controls.

Study Quality

Study quality was generally low when examined according 
to criteria developed for prevalence studies (Table 2 of the 
Supplement). Only one study (2%) achieved the minimum 
score for acceptable quality on the modified QUADAS (i.e., 
14/19; Broen et al., 2016). There was little variation in scores, 
with most studies (k = 37; 74%) earning 12 points generally 
across the same criteria. Several details regarding the repre-
sentativeness of the sample were rarely reported: no studies 
used random sampling, only one study (2%) made a statement 
to indicate the representativeness of their sample, one study 
(2%) described recruitment non-responders or reasons for non-
responding, and three studies (6%) reported the response rate.

CIm Prevalence

The pooled prevalence of CIm (defined as evidence of rela-
tively reduced performance across at least two cognitive 

domains) was 32.5% (95% CI 29.3–36.0%) across 5859 peo-
ple with RRMS. There was substantial heterogeneity between 
studies (Q49 = 309.62, p < .001, I2 = 84.17, τ2 = 0.23), with 
reported prevalence rates ranging from 10.2 to 60.0%. The 
forest plot depicting prevalence and 95% CIs is displayed in 
Fig. 2. The funnel plot (Fig. 3 of the Supplement) was gener-
ally symmetric, Egger’s test was non-significant (p = .104), 
and the trim-and-fill procedure did not suggest trimming any 
studies; thus, there was no evidence of publication bias.

Moderators of CIm Prevalence

Results of moderator analyses are summarized in Table 2. 
Meta-regression analyses indicated that older age (k = 36, b 
= 0.034, Q1 = 5.66, p = .017) and greater disease duration 
(k = 33, b = 0.042, Q1 = 7.96, p = .005) were significantly 
associated with higher prevalence of CIm. Studies which 
administered more tests also reported significantly greater 
CIm prevalence (k = 50, b = 0.073, Q1 = 5.10, p = .024). 
There were no significant effects of year of publication (k = 
50, b = −0.013, Q1 = 0.62, p = .431), RRMS sample size (k 
= 50, b = 0.000, Q1 = 0.02, p = .875), or the proportion of 
female participants (k = 38, b = −0.018, Q1 = 1.15, p = .283).

Though there appeared to be a trend toward greater CIm 
prevalence in studies with a mean or median EDSS of 2.0 
or above (36.7%; 95% CI 33.0–40.7%) compared with those 
with EDSS below 2.0 (29.6%; 95% CI 23.7–36.2%), sub-
group analyses indicated that this was non-significant (k = 
38, Q1 = 3.39, p = .066). There were no significant effects 
of the cut-off used to indicate impaired test performance 
(k = 50, Q2 = 2.14, p = .343), number of impaired tests to 
indicate CIm (k = 50, Q1 = 0.04, p = .845), the comparison 
group used (k = 50, Q1 = 0.64, p = .425), or study quality (k 
= 50, Q1 = 2.87, p = .090).

Discussion

The present meta-analysis estimated that approximately one 
third (32.5%) of adults with RRMS experience CIm. While 
previous meta-analytic findings have provided indication 
of the magnitude of CIm in RRMS (Prakash et al., 2008), 
our findings extend the literature by providing a quantitative 
estimate of the proportion of people with RRMS who are 
affected. Though lower than the 40–65% estimate reported 
by Amato and colleagues in 2006 (Amato et al., 2006), our 
estimate is an empirical analysis focused on RRMS which 
incorporated comprehensive data across 50 studies (n = 
5859) and only included studies which adopted a stringent 
definition of CIm (Hancock et al., 2022).

There was substantial between-study heterogeneity, which 
was partially accounted for by clinical and demographic fac-
tors. Disease duration and age were associated with greater 
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Fig. 2   Forest plot of prevalence 
rates and weights of selected 
studies
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CIm prevalence, such that samples with longer disease dura-
tions and higher ages had greater CIm prevalence. These 
findings are consistent with a past meta-analysis (k = 57; n = 
3891) by Prakash et al. (2008), which found that the magni-
tude of cognitive deficits (defined as the difference in cogni-
tive performance relative to healthy controls) among people 
with RRMS was moderated by higher age, while greater 
disease duration moderated the magnitude of deficits in the 
domain of memory and learning only. The impact on disease 
duration and age on CIm prevalence is also consistent with 
expectations given that overall disability in RRMS tends to 
worsen over time even with treatment (Cree et al., 2016).

One challenge in collating CIm prevalence data across 
the literature are the disparate definitions of CIm used 
across studies. Although it would have been ideal to adopt 
one unified definition of CIm for the current study, this was 
not possible as prevalence rates for different definitions of 
CIm were rarely extractable from studies. We attempted to 
address this variability by including aspects of CIm defini-
tions as moderators in our analyses. However, we found that 
differences in the definitions of CIm used across studies 

did not moderate prevalence rates. Specifically, prevalence 
rates did not vary significantly between studies which uti-
lized cut-offs of 1.5, 1.67, or 2 SDs to indicate impaired test 
performance, or between those which required at least two 
impaired tests or at least three impaired tests for a participant 
to meet criteria for CIm. This may be due to our stringent 
and best-practice CIm definition (i.e., evidence of reduction 
in at least two cognitive domains) and exclusion of studies 
that only required impairment in one domain. Additionally, 
the prevalence rates reported in studies which compared 
RRMS participants against healthy controls (34.8%; 95% 
CI 28.2–41.9%) were not significantly different from those 
which used published normative values (31.6%; 95% CI 
27.8–35.6%), supporting the use of published normative 
values as a valid comparison group for research purposes.

We also found that studies that used more extensive test 
batteries reported significantly higher CIm prevalence rates. 
This finding is somewhat unsurprising considering that 
the administration of more tests provides greater opportu-
nity for a participant to be detected as having CIm. This is 
especially the case due to the definitions of CIm adopted 

Table 2   Results of random effect meta-analysis and moderator analyses

CIm cognitive impairment, EDSS Expanded Disability Status Scale, SDs standard deviations
*Moderator significant at p < .05

k Prevalence (95% CI) I2 τ2 Q p

Overall 50 32.5 (29.3–36.0) 84.17 0.23 309.62 <.001
EDSS 38 3.39 .066
<2.0 16 29.6 (23.7–36.2) 83.49 0.29 90.87 <.001
≥2.0 22 36.7 (33.0–40.7) 72.08 0.10 75.22 <.001
Cut-off for test impairment 50 2.14 .343
1.5 SDs 17 33.2 (27.7–39.1) 83.70 0.22 98.14 <.001
1.67 SDs 17 35.2 (29.2–41.7) 87.67 0.26 129.73 <.001
2 SDs 16 29.2 (24.1–34.9) 75.80 0.21 61.99 <.001
Number of tests for CIm 50 0.04 .845
2 43 32.7 (29.2–36.4) 83.39 0.22 252.89 <.001
>2 7 31.8 (24.1–40.6) 83.29 0.20 35.91 <.001
Comparison group 50 0.64 .425
Normative values 35 31.6 (27.8–35.6) 85.27 0.22 230.77 <.001
Healthy controls 15 34.8 (28.2–41.9) 81.94 0.28 77.52 <.001
Study quality 50 2.87 .090
<12 10 26.9 (20.6–34.4) 80.56 0.25 46.29 <.001
≥12 40 34.0 (30.4–37.9) 83.97 0.21 243.31 <.001

k b (95% CI) Q p

Age 36 0.034 (0.014–0.006) 5.66 .017*
Disease duration 33 0.042 (0.013–0.070) 7.96 .005*
Proportion female 38 −0.018 (−0.051–0.015) 1.15 .283
Number of tests administered 50 0.073 (0.010–0.137) 5.10 .024*
Year of publication 50 −0.013 (−0.046–0.020) 0.62 .431
Sample size 50 0.000 (−0.001–0.001) 0.02 .875
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in some research, for instance, if multiple tests are used to 
measure a single cognitive domain and reduction on any of 
these tests is considered sufficient to indicate impairment in 
that domain. We note that the majority of included studies 
administered tests relevant to cognitive changes in MS, such 
as the SDMT or PASAT, and many studies administered 
brief batteries developed specifically for people with MS 
(e.g., the BRB-N used in 58% of studies). While these tests 
and batteries have been validated to be sensitive to cogni-
tive impairment in MS (Drake et al., 2010; Sumowski et al., 
2018; Strober et al., 2009), the finding that a more compre-
hensive test battery is more likely detect cognitive deficits 
supports this as standard practice for neuropsychological 
assessment in clinical settings.

It was not possible to formally estimate domain-specific 
impairment rates across all participants as many studies did 
not report how many participants were impaired on each 
test or domain. Of the studies which did report the most 
frequently impaired domain, attention and information 
processing speed, typically measured by the SDMT and/or 
PASAT, was by far the most common (Altieri et al., 2021; 
Amato et al., 2008; Bisecco et al., 2015; Conti et al., 2021; 
d’Ambrosia et al., 2020; Deloire et al., 2005; Gois et al., 
2021; Goretti et al, 2014; Jakimovski et al., 2019; Lozano-
Soto, 2021; Mashayekhi et al., 2022; Portaccio et al., 2009a, 
2009b; Preziosa et al., 2016; Rimkus et al., 2011; Rocca 
et al., 2014; Ruano et al., 2017; Sacco et al., 2015; Talebi 
et al., 2022), followed by verbal memory (Conti et al., 2021; 
Gajofatto et al., 2016; Goretti et al., 2014; Maubeuge et al., 
2021; Skorve et al., 2023), and visual memory (Amato et al., 
2004; Damasceno et al., 2020; Hulst et al., 2012), with few 
studies reporting executive function (Rimkus et al., 2019) 
and visuospatial functioning (Lanzillo et al., 2006) as most 
affected. This is consistent with other work indicating that 
attention and processing speed deficits are the most preva-
lent cognitive difficulty in MS (McNicholas et al., 2018).

There are several caveats to the representativeness of 
the estimate we obtained. Though we did not place restric-
tions on the recruitment setting when selecting studies, all 
included studies which reported this recruited from a clinical 
setting, and no studies based purely on community samples 
met inclusion criteria. Thus, our estimate is constrained to 
people with RRMS who attend clinical services and may 
not generalize to people with RRMS more generally. In 
light of this, the current meta-analysis may overestimate 
the prevalence of CIm, as people with concerns about their 
cognitive functioning may be more likely to present to a 
clinical setting, leading to selection bias (Abdelnour et al., 
2017; Farias et al., 2009). Future research conducting for-
mal neuropsychological testing in community-based sam-
ples is warranted. The scope of our study was also limited 
to adult-onset RRMS, and specific investigations into CIm 

prevalence in other MS subpopulations may be informa-
tive. Pediatric-onset MS comprises approximately 5% of all 
MS cases (Harding et al., 2013) and the risk of CIm may 
be greater than those with adult-onset MS, particularly on 
measures sensitive to processing speed deficits such as the 
SDMT and PASAT (McKay et al., 2019; Ruano et al., 2018). 
Given evidence of greater magnitude of CIm in the pro-
gressive disease courses (Johnen et al., 2017; Planche et al., 
2016), CIm prevalence among these groups is also likely to 
differ from that in RRMS. Furthermore, subjective CIm may 
be an important aspect of patient experience distinct from 
objective CIm (Hughes et al., 2019; Julian et al., 2007; Kins-
inger et al., 2010; Mortensen et al., 2020), which requires 
future examination.

Our ability to perform meta-regression analyses was also 
affected by the restricted ranges of obtained scores for some 
variables, specifically EDSS and study quality. Addition-
ally, the study quality tool used was limited by the hetero-
geneity of its criteria and could only be used to create a 
statistical model-free count score rather than a model-based 
scale (Scherer & Emslander, 2024). We were thus required 
to generate somewhat crude binary classifications to make 
these variables suitable for subgroup analyses. Neither study 
quality nor EDSS were significant moderators in the present 
study. Future work which estimates CIm prevalence could 
improve in quality by inclusion of information regarding 
the possibility of recruitment bias, such as the number of 
people who were approached but did not participate in the 
study and reasons for non-participation. Potential relation-
ships between neurological disability and CIm may also 
be more effectively captured by reporting separate EDSS 
scores for subgroups of participants with impaired or pre-
served cognition, allowing for between-group comparisons 
to be extracted meta-analytically. Otherwise, future meta-
analytic work in this area may be done using an individual 
participant data (IPD) approach, where original participant 
data is collected rather than aggregate data (Tierney et al., 
2023). This approach allows for more rigorous examination 
of moderators and has been considered a ‘gold standard’ of 
systematic review.

It was notable that none of the selected studies included 
an estimate of premorbid function as their reference point 
for impaired cognition. Comparing participants’ test scores 
to those of other groups without consideration of decline for 
the individual may impact the CIm prevalence rates reported 
(Douglas et al., 2018; Tran et al., 2021). For instance, cog-
nitively high-functioning individuals who experience a 
clinically significant decline from their premorbid abilities, 
but whose performances on testing do not fall below the 
chosen normative cut-off, will fail to be classified as having 
CIm (Sumowski et al., 2018). Conversely, those with a low 
level of premorbid cognitive functioning may experience 
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relatively mild levels of decline or even no decline, but per-
form below the cut-off range on testing are deemed cogni-
tively impaired. Use of premorbid estimates may improve 
the accuracy of prevalence estimates in future studies.

This work has several implications. Our finding that a 
third of adults with RRMS have CIm is lower than previous 
ranges cited in the literature for people with MS, such as 
the 40–65% range previously reported (Amato et al., 2006). 
This updated, rigorous, and narrower prevalence estimate 
may provide clinicians with increased confidence when 
communicating with patients regarding the risk of cognitive 
difficulties, which is often a concern for newly diagnosed 
people with MS who are typically of working age (Day 
et al., 2018; Heesen et al., 2008). Importantly, our estimate 
is specific to those with a relapsing-remitting disease course, 
who comprise the majority of MS cases, rather than previ-
ous estimates which do not distinguish between relapsing-
remitting and progressive courses of MS which experience 
more severe CIm (Johnen et al., 2017). Our finding can also 
facilitate management of resource allocation. MS services 
can make provisions with the view that a third of RRMS 
patients are likely to require more intensive support for cog-
nitive functioning, such as comprehensive assessment and 
access to cognitive rehabilitation services. This information 
may help to determine priorities for funding and staffing. 
Furthermore, this finding establishes a benchmark for future 
research into risk profiles, such as factors which predict 
CIm, to further initiatives into prevention and management.

Conclusion

Ultimately, our finding that approximately one third of 
adults with RRMS experience CIm, performing below the 
7th percentile in two or more cognitive domains, is impor-
tant for clinical practice. People with RRMS who have CIm 
are more vulnerable to poor functional outcomes than those 
without CIm (Bruce et al., 2010; Clemens & Langdon, 2018; 
Goverover et al., 2019; Rao et al., 1991b; Yazgan et al., 
2021), and thus are likely to benefit from additional sup-
ports and provision of strategies to manage their symptoms. 
Routine cognitive testing may be appropriate for those with 
RRMS to identify such individuals, particularly as patient 
attitudes to this are positive (Mortensen et al., 2020) and it 
aligns with both patients’ and clinicians’ priorities for treat-
ment (Singer et al., 2021).
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