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Abstract
Objective A growing body of research examining the effect of exercise on cognitive function in people with multiple sclerosis 
(MS), while findings of available studies were conflicting. We aimed to explore the effect of exercise on cognitive function 
in MS patients.
Methods For this systematic review and meta-analysis, we searched PubMed, Web of Science, EBSCO, Cochrane, and 
Scopus electronic databases, through July 18, 2022. Cochrane risk assessment tool was used to evaluate the methodological 
quality of the included literature.
Results Twenty-one studies with a total of 23 experimental groups and 21 control groups met the inclusion criteria. There 
was a significant effect of exercise on improving cognitive function in MS patients, while the effect size was small (Cohen's 
d = 0.20, 95% CI 0.06–0.34, p < 0.001, I2 = 39.31%). Subgroup analysis showed that exercise significantly improved memory 
(Cohen's d = 0.17, 95% CI 0.02–0.33, p = 0.03, I2 = 7.59%). In addition, multicomponent training, exercise conducted 8 weeks 
and 10 weeks, up to 60 min per session, 3 times or more per week, 180 min or more per week increased cognitive function 
significantly. Furthermore, a worse basal MS status (defined by the Expanded Disability Status Scale) and an older age were 
associated with greater improvement in cognitive function.
Conclusion MS patients are recommended to participate in at least three multicomponent training sessions per week, with 
each session lasting up to 60 min, and the exercise goal of 180 min per week can be achieved by increasing the frequency of 
exercise. Exercise lasting 8 or 10 weeks is best for cognitive function improvement. Additionally, a worse basal MS status, 
or the older the age, the greater effect on cognitive function.

Keywords Exercise · Cognitive function · Multiple sclerosis · Systematic review · Meta-analysis

Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease 
with both inflammatory and degenerative components [1], 
characterized by focal lymphocytic central nervous system 
(CNS) infiltration leading to inflammatory demyelination, 
astroglial proliferation, and axonal degeneration, result-
ing in neurologic syndromes and physical disability [2, 3]. 
Previous studies have shown that cognitive impairment is a 
common and disabling feature of MS and may occur in the 
early stages of MS even in the absence of other neurological 
deficits [4, 5].

MS patients often suffer from muscle weakness, walking 
abnormalities, poor balance, and fatigue [6, 7], so for many 
years, physicians have advised MS patients to avoid physi-
cal exercise. However, in recent years, appropriate exercise 
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has been found to be beneficial for MS improvements such 
as aerobic capacity, muscle strength, flexibility, balance, 
fatigue levels, and cognitive function [8]. Furthermore, 
exercise is considered an effective non-pharmacological 
intervention to improve and delay MS symptoms, but little 
is known about the effects of exercise on cognitive dysfunc-
tion in MS patients.

A growing body of research examining the effect of exer-
cise on cognitive function in MS patients, while findings 
of available studies were conflicting. Ozkul et al. [9] found 
beneficial effects of combination of aerobic and Pilates exer-
cise in improving MS patients with cognitive impairment 
and a correlation between improvements in cognition, mood, 
and quality of life after exercise. In addition, Sandroff et al. 
[10–12] showed that exercise is a promising tool for improv-
ing cognitive function in MS patients. However, Savšek et al. 
[13] showed that aerobic exercise had a weak improvement 
in walking speed, brain-derived neurotrophic factor levels, 
but no improvement cognitive function in MS patients. 
In addition, Langeskov-Christensen et al. [14] found that 
24 weeks of supervised progressive aerobic exercise had 
no effect on cognitive function in MS patients. Moreover, 
Ozkul et al. [15] found that exercise was more effective in 
improving balance and walking ability in MS patients, but 
no significant improvement in cognitive function was found. 
Furthermore, Kooshiar et al. [16] showed that aquatic exer-
cise was effective in improving quality of life and reduc-
ing fatigue, but not in improving cognitive function in MS 
patients.

Therefore, we conducted a comprehensive systematic 
review and meta-analysis of randomized controlled trials 
(RCTs) to investigate the effects of exercise on cognitive 
function in MS patients, with the ultimate goal of this study 
being to determine whether there is sufficient evidence to 
support that exercise interventions can improve cognitive 
function in MS patients.

Methods

Cochrane Selection Manual [17] and the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA, 
2020) guidelines [18] were followed for conducting this sys-
tematic review and meta-analysis. The protocol was regis-
tered on PROSPERO (CRD42022379251).

Search strategy

For this study, we searched PubMed, Web of Science, 
EBSCO, Cochrane, and Scopus databases, through July 18, 
2022. All studies on exercise and cognitive function in MS 
patients were searched using the following MESH terms 
and keywords: exercise, multiple sclerosis, and cognitive 

function. We also hand-searched the reference lists of all 
identified studies and, in addition, references of reviews and 
meta-analyses for any additional relevant studies that could 
be added to the relevant literature. Two authors (GL and 
QY) completed the process independently using a standard 
format. If there was disagreement between the two authors, 
a third author (LY) would join the discussion until the three 
reach a consensus.

Eligibility criteria

Inclusion criteria were as follows: eligible studies should 
(1) be RCTs; (2) include an intervention group and a control 
group; (3) use MS patients as subjects; and (4) include out-
come indicators of cognitive function. Non-English publica-
tions, animal model publications, review, conference articles 
or full-text analyses with a high risk of bias were excluded.

Data extraction

Two authors (GL and QY) independently performed the data 
extraction, mainly including: (a) characteristics of included 
studies (first author's last name, year of study publication, 
sample size); (b) intervention features (intervention type, 
duration of intervention, frequency, session duration); (c) 
participant characteristics [age, type of disease, Expanded 
Disability Status Scale (EDSS)]; and (d) treatment effects 
[mean and standard deviation (SD) values reflecting changes 
in cognitive function from baseline to post-intervention].

Methodological quality assessment

We assessed the methodological quality of included studies 
using the Cochrane risk of bias criteria, which included 7 
items: random sequence generation (selection bias), alloca-
tion concealment (selection bias), blinding of participants 
and personnel (performance bias), and outcome-blind 
assessment (detection bias), incomplete result data (loss 
bias), selective reporting (report bias), and other biases [19, 
20]. Based on the responses to the signaling questions, each 
item was judged as "low risk", "uncertain risk" or "high risk" 
to make an overall judgement of bias for the study being 
assessed [17]. Two reviewers (GL and QY) independently 
performed methodological quality assessments. If there was 
disagreement between the two authors, a third author (LY) 
would join the discussion until the three reach a consensus.

Statistical analysis

As the included studies tended to report multiple cognitive 
outcomes, we cannot assume that the results of each study 
are independent and estimate the same results, statistical 
analyses were based on a three-level restricted maximum 
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likelihood random effects model, using the metafor for R 
package [21]. Using the computational approach described 
in the study by Assink et al. [22]. The model illustrates 
the dependence of within-study effect sizes by providing 
within-study (level 2) and between-study (level 3) variance 
estimates. The primary outcome indicator included in this 
study was expressed as "mean ± SD", using Cohen's d to 
standardize the difference in change from baseline to post-
intervention between the exercise and control groups. A 
positive Cohen's d indicates an increase in cognitive per-
formance in the exercise group compared to the control 
group. Total effect size values were assessed according to 
the Cohen's d classification (d = 0.2–0.5, small; d = 0.5–0.8, 
medium; d = 0.8, large) [17]. Heterogeneity was assessed 
by I2 static. I2 < 25% indicates no significant heterogeneity; 
25% < I2 < 50%, low heterogeneity; 50% < I2 < 75%, medium 
heterogeneity; I2 > 75%, high heterogeneity [23, 24].

In subgroup analyses, we tried to investigate the effect of 
exercise on cognitive function in MS patients using cognitive 
function type [executive function (EF), memory, and cog-
nitive speed] [25, 26], intervention type [aerobic exercise, 
resistance exercise, and multicomponent training (a training 
modality that involves different physical capacities in the 
same exercise session)], minutes of intervention per session 
(up to 60 min per session and more than 60 min per session), 
frequency of intervention per week (less than 3 times per 

week and 3 times or more per week), duration of interven-
tion (6 weeks, 8 weeks, 10 weeks, 12 weeks, and 24 weeks), 
minutes of intervention per week (less than 180 min per 
week and 180 min or more per week), participants' age 
(less than 45 years old and 45 years old or more), and basal 
MS status (0 < EDSS ≤ 3.5, mild; EDSS > 3.5, moderate to 
severe) [27]. All analyses were performed using R4.2.2 (R 
Foundation for Statistical Computing, Vienna, Austria) [28].

Results

Study selection

As shown in Fig. 1, a total of 1853 articles were initially 
retrieved from the databases and 4 records from other 
sources. After excluding the duplicates, 1153 studies were 
remaining, and 1105 studies were not eligible for inclusion 
through the title and abstract screening. Twenty-seven stud-
ies were excluded by reading the full text of 48 studies: (1) 
the experimental group combined with other treatments 
(n = 1); (2) no control group (n = 1); (3) the data could not 
be extracted (n = 9); (4) duplicate article (n = 1); (5) non-
English article (n = 1); and (6) experimental design articles 
(n = 14). Finally, 21 studies [9, 11, 13, 14, 16, 27, 29–43] 
examining the effect of exercise on cognitive function in 

Fig. 1  PRISMA flowchart of study selection
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people with MS were considered eligible for systematic 
review and meta-analysis.

Study characteristics

The main characteristics of participants and interventions 
are shown in Table 1. The included studies involved 580 
participants in 23 exercise groups and 507 participants in 
21 control groups. Of the 21 studies, 3 studies [16, 27, 30] 
involved only women, 1 study [41] did not report the gender 
of participants, and 17 studies [9, 11, 13, 14, 29, 31–40, 42, 
43] involved both men and women. The most common MS 
phenotype was the relapsing–remitting (n = 8) [9, 13, 14, 27, 
30, 36, 37, 41], but it was usually mixed with other pheno-
types [11, 16, 31, 39, 40, 42], and 7 studies [29, 32–35, 38, 
43] did not report the MS phenotype. The mean age of the 
participants ranged from 29.24 to 64.3 years. Twelve stud-
ies [9, 13, 16, 27, 30, 31, 34, 36, 37, 39, 41, 43] involved 
participants with mean age < 45 years, and 9 studies [11, 14, 
29, 32, 33, 35, 38, 40, 42] involved participants with mean 
age ≥ 45 years. Seven studies [27, 29, 33, 35, 38, 40, 42] 
included participants with a mean EDSS > 3.5, 12 studies [9, 
13, 14, 16, 30–32, 36, 37, 39, 41, 43] included participants 
with a mean 0 < EDSS ≤ 3.5, and 2 studies [11, 34] did not 
report EDSS. Most interventions specified aerobic exercise 
(n = 10) [11, 13, 14, 30, 32, 34, 37, 38, 40, 42], resistance 
exercise alone (n = 2) [39, 41], or combined (n = 8) [9, 16, 
27, 29, 31, 35, 36, 43]. The total duration of the intervention 
ranged from 6 to 24 weeks and minutes of intervention per 
session ranged from 20 to 90 min. However, descriptions of 
minutes of intervention per session were lacking or missing 
in 5 studies [11, 33, 34, 39, 43]. The frequency of interven-
tion per week ranged from 1 to 7 times, and 1 study [11] did 
not report the frequency of intervention per week. Because 
the frequency and duration of the interventions varied in 
each study, we calculated the minutes of intervention per 
week based on the minutes of intervention per session and 
frequency in the included studies. The minutes of interven-
tion per week ranged from 45 to 180 min.

Risk of bias

The quality of the included studies was evaluated using the 
Cochrane risk assessment tool according to the following 
6 aspects: selection bias, performance bias, detection bias, 
attrition bias, reporting bias, and other biases. As shown in 
Fig. 2, we classified included studies as low, moderate, or 
high quality based on the following criteria: (1) a trial was 
considered low quality if randomization or allocation con-
cealment was assessed as high risk of bias, regardless of the 
risk of other items; (2) a trial was considered high quality if 
randomization and allocation concealment were assessed as 
low risk of bias, and all other items were assessed as low or 

unclear risk of bias; and (3) a trial was considered moderate 
quality if it did not meet the high or low risk criteria [44]. 
The publication bias for included studies was assessed visu-
ally by examining the funnel plot (Fig. 3).

Meta‑analysis results

Effects of exercise on cognitive function in MS patients

Overall, 21 studies reported 83 effect sizes for meta-analysis. 
We found a significant effect of exercise on improving cogni-
tive function in MS patients, while the effect size was small 
[Cohen's d = 0.20, 95% confidence interval (CI), 0.06–0.34, 
p < 0.01, Table 2 and supplementary Fig. 1], and there was 
no significant heterogeneity (I2 = 39.31%).

Subgroup analysis

Of the 21 studies [9, 11, 13, 14, 16, 27, 29–43], 7 studies 
[9, 13, 14, 31, 34, 37, 42] provided data for memory, 15 
studies [9, 11, 13, 14, 29–31, 34–37, 40–43] provided data 
for cognitive speed, and 7 studies [9, 14, 30, 32, 34, 37, 
40] provided data for EF. As shown in Table 2, different 
results were shown when considering cognitive function 
type. Specifically, exercise significantly improved memory 
(Cohen's d = 0.17, 95% CI 0.02–0.33, p = 0.03, I2 = 7.59%) in 
MS patients. However, exercise had no significant effect on 
improving cognitive speed (Cohen's d = 0.07, 95% CI − 0.07 
to 0.21, p = 0.29, I2 = 6.07%), and EF (Cohen's d = 0.09, 95% 
CI − 0.01 to 0.28, p = 0.39, I2 = 1.71%) in MS patients.

Ten studies [11, 13, 14, 30, 32, 34, 37, 38, 40, 42] pro-
vided data for aerobic exercise, 2 studies [39, 41] provided 
data for resistance exercise, and 8 studies [9, 16, 27, 29, 
31, 35, 36, 43] provided data for multicomponent training. 
Subgroup analyses showed that multicomponent training 
significantly improved cognitive function (Cohen's d = 0.32, 
95% CI 0.22–0.43, p < 0.01, I2 = 2.22%). However, aerobic 
exercise (Cohen's d = 0.03, 95% CI − 0.05 to 0.10, p = 0.5, 
I2 = 0%) and resistance exercise (Cohen's d = 0.43, 95% CI 
− 0.20 to 1.06, p = 0.18, I2 = 11.55%) had no significant asso-
ciations with cognitive function in MS patients. Subgroup 
analysis indicated that multicomponent interventions were 
more effective in improving cognitive function.

Two studies [35, 36] conducted the intervention for 
6 weeks, 4 studies [9, 16, 27, 31] conducted the interven-
tion for 8 weeks, 1 study [39] conducted the intervention for 
10 weeks, 8 studies [13, 30, 33, 34, 37, 38, 40, 42] conducted 
the intervention for 12 weeks, and 6 studies [11, 14, 29, 
32, 41, 43] conducted the intervention for 24 weeks. Spe-
cifically, 8 weeks (Cohen's d = 0.50, 95% CI 0.31 to 0.70, 
p < 0.01, I2 = 1.60%) and 10 weeks (Cohen's d = 2.23, 95% 
CI 1.71–3.19, p < 0.01) of exercise significantly improved 
cognitive function. However, 6 weeks (Cohen's d = 0.29, 
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95% CI − 0.45 to 1.02, p = 0.44), 12  weeks (Cohen's 
d = 0.06, 95% CI − 0.05 to 0.18, p = 0.25, I2 = 2.31%), and 
24 weeks (Cohen's d = 0.09, 95% CI − 0.05 to 0.23, p = 0.21, 
I2 = 2.85%) of exercise had no significant associations with 
cognitive function in MS patients.

Fourteen studies [13, 14, 16, 27, 29–31, 35–38, 40–42] 
conducted the intervention for up to 60 min per session and 
2 studies [9, 32] conducted the intervention for more than 
60 min per session. Interventions conducted up to 60 min per 
session significantly improved cognitive function (Cohen's 

d = 0.18, 95% CI 0.00–0.36, p = 0.05, I2 = 29.98%). However, 
interventions conducted more than 60 min per session had 
no significant associations with cognitive function in MS 
patients (Cohen's d = 0.03, 95% CI − 0.36 to 0.75, p = 0.07, 
I2 = 2.61%).

The frequency of interventions in 13 studies [9, 13, 16, 
27, 30, 33–36, 38–40, 43] was 3 times or more per week and 
the frequency of interventions in 5 studies [13, 14, 31, 32, 
41] was less than 3 times per week. Interventions conducted 
3 times or more per week significantly improved cognitive 
function (Cohen's d = 0.34, 95% CI 0.10–0.59, p < 0.01, 
I2 = 5.73%). However, interventions conducted less than 3 
times per week had no significant associations with cog-
nitive function in MS patients (Cohen's d = 0.04, 95% CI 
− 0.28 to 0.35, p = 0.82, I2 = 27.56%).

Regarding minutes of intervention per week, 4 studies [9, 
29, 32, 35] provided data for 180 min or more per week and 
7 studies [13, 14, 16, 30, 31, 38, 40] provided data for less 
than 180 min per week. Interventions conducted 180 min 
or more per week significantly improved cognitive function 
(Cohen's d = 0.27, 95% CI 0.06–0.48, p = 0.01, I2 = 1.68%). 
However, interventions conducted less than 180 min per 
week had no significant associations with cognitive func-
tion in MS patients (Cohen's d = 0.10, 95% CI − 0.10 to 0.29, 
p = 0.32, I2 = 15.21%).

Seven studies [27, 29, 33, 35, 38, 40, 42] included par-
ticipants with a mean EDSS > 3.5 and 12 studies [9, 13, 14, 

Fig. 2  Results of Cochrane risk 
of bias tool. Above: Risk of bias 
summary: review authors' judg-
ments about each risk of bias 
item for each included study. 
Below: Risk of bias graph: 
review authors' judgments about 
each risk of bias item pre-
sented as percentages across all 
included studies

Fig. 3  Funnel plot
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16, 30–32, 36, 37, 39, 41, 43] included participants with a 
mean 0 < EDSS ≤ 3.5. Exercise significantly improved cog-
nitive function in moderate to severe MS patients (Cohen's 
d = 0.41, 95% CI 0.15–0.67, p < 0.01, I2 = 40.58%). How-
ever, exercise had no significant effect on improving cogni-
tive function in mild MS patients (Cohen's d = 0.12, 95% 
CI − 0.08 to 0.32, p = 0.25, I2 = 30.77%). Subgroup analysis 
indicated that the worse basal MS status, the greater effect 
on cognitive function.

Twelve studies [9, 13, 16, 27, 30, 31, 34, 36, 37, 39, 41, 
43] involved participants with mean age < 45 years and 9 
studies [11, 14, 29, 32, 33, 35, 38, 40, 42] involved par-
ticipants with mean age ≥ 45 years. Exercise significantly 
improved cognitive function in middle-aged and elderly 
MS patients (Cohen's d = 0.28, 95% CI 0.05–0.52, p = 0.03, 
I2 = 6.10%). However, exercise had no significant effect on 

improving cognitive function in young MS patients (Cohen's 
d = 0.16, 95% CI − 0.03 to 0.35, p = 0.10, I2 = 39.62%). Sub-
group analysis indicated that the older the age, the greater 
effect on cognitive function.

Discussion

The aim of this study was to explore the effect of exercise on 
cognitive function in MS patients. From 1853 search records 
initially identified, 21 studies were considered eligible for 
systematic review and meta-analysis. However, because the 
included studies were RCTs of exercise interventions, full 
blinding could not be used. For most of the non-pharmaco-
logical interventions in the trials, the results may have been 
biased even if the best experimental design was used, and 
therefore we did not regard the trials without blind method 
as low quality during the quality assessment of the litera-
ture, as this would not be reasonable. In the literature qual-
ity assessment of included studies, 20 studies were of high 
quality, which helped to strengthen our findings. Our results 
showed that exercise, especially multicomponent training, 
had a significant effect on improving cognitive function, 
especially cognitive memory, in MS patients. Subgroup 
analyses showed that exercise conducted 8 and 10 weeks, 
3 times or more per week, up to 60 min per session, and 
180 min or more per week improved cognitive function sig-
nificantly. In addition, a worse basal MS status, or the older 
the age, the greater effect on cognitive function.

It is now widely accepted that regular exercise may be 
a potential solution to improve cognitive function in MS 
patients [9, 11, 12, 29, 42, 45, 46]. However, the evidence 
for exercise interventions in MS remains controversial, and 
most countries do not include exercise interventions as a 
routine part of care in MS treatment. It is widely accepted 
that low levels of exercise are inversely associated with the 
risk ratio of cognitive decline [47]. Exercise promotes the 
cellular and molecular processes of angiogenesis, neuro-
genesis and synaptogenesis and is thought to be strongly 
associated with improved cognitive function [48]. Studies 
have shown that people with reduced expression of BDNF 
in the hippocampus and temporal cortex are at increased 
risk of neurodegenerative diseases, and that BDNF levels 
can increase two–threefold after acute exercise compared 
to quiet controls, positively correlating with improved 
cognitive function [49]. De la Rosa et al. [50] showed that 
long-term regular exercise can positively affect cognitive 
function by delaying physiological memory loss and increas-
ing associated neurotrophy as well as improving peripheral 
regulation of redox, making exercise an effective measure 
to prevent and improve cognitive deterioration. Colcombe 
et al. [51] found that a 6-month aerobic exercise intervention 
increased the volume of gray and white matter regions in 

Table 2  Results of moderator analysis

CI confidence interval, EF executive function, EDSS Expanded Dis-
ability Status Scale

Moderator Cohen’s d (95% CI) I2 p Value

Overall 0.20 (0.06, 0.34) 39.31%  < 0.01
Cognitive domain
Memory 0.17 (0.02, 0.33) 7.59% 0.03
Cognitive Speed 0.07 (− 0.07, 0.21) 6.07% 0.29
EF 0.09 (− 0.11, 0.28) 1.71% 0.39
Age (years)
 < 45 0.16 (− 0.03, 0.35) 39.62% 0.10
 ≥ 45 0.28 (0.05, 0.52) 6.10% 0.03
EDSS
 < 3.5 0.12 (− 0.08, 0.32) 30.77% 0.25
 ≥ 3.5 0.41 (0.15, 0.67) 40.58%  < 0.01
Frequency
 ≥ 3 0.34 (0.10, 0.59) 5.73%  < 0.01
 < 3 0.04 (− 0.28, 0.35) 27.56% 0.82
Intervention type
Aerobic 0.03 (− 0.05, 0.10) 0% 0.50
Resistance training 0.43 (− 0.20, 1.06) 11.55% 0.18
Multicomponent training 0.32 (0.22, 0.43) 2.22%  < 0.01
Duration
 ≤ 60 min 0.18 (0.00, 0.36) 29.98% 0.05
 > 60 min 0.03 (− 0.36, 0.75) 2.61% 0.07
Length (weeks)
6 0.29 (− 0.45, 1.02) \ 0.44
8 0.50 (0.31, 0.70) 1.60%  < 0.01
10 2.23 (1.27, 3.19) \  < 0.01
12 0.06 (− 0.05, 0.18) 2.31% 0.25
24 0.09 (− 0.05, 0.23) 2.85% 0.21
Weekly time
 < 180 min 0.10 (− 0.10, 0.29) 15.21% 0.32
 ≥ 180 min 0.27 (0.06, 048) 1.68% 0.01
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older subjects, suggesting a positive effect of aerobic exer-
cise on central nervous system health and cognitive function 
improvement in older adults, as found in an adolescent study 
[52]. One meta-analysis showed that resistance training was 
effective in improving cognitive function (SMD = 0.71) [53], 
and no adverse events associated with the exercise interven-
tion were found.

Because of the variety of methods to assess cognitive 
function, we divided cognition into three outcome subdo-
mains based on different types of cognitive function [54], 
namely EF, memory, and cognitive speed. Of the 21 studies 
[9, 11, 13, 14, 16, 27, 29–43], 8 studies [9, 13, 14, 31, 33, 
34, 37, 42] provided data for memory, and memory was 
tested mainly by brief visual memory test (BVMT-R, 4 stud-
ies) [13, 31, 37, 42], California verbal learning test (CVLT, 
3studies) [13, 31, 42], selective reminding test (SRT, 3 stud-
ies) [9, 14, 34], spatial recall test (SPART, 3 studies) [9, 14, 
34], verbal learning memory test (VLMT, 1 study) [37], and 
Corsi block-tapping task (1 study) [37]. In addition, 15 stud-
ies [9, 11, 13, 14, 29–31, 34–37, 40–43] provided data for 
cognitive speed, and cognitive speed was tested mainly by 
symbol digit modalities test (SDMT, 10 studies) [9, 11, 13, 
14, 29–31, 37, 40, 42], paced auditory serial attention test 
(PASAT, 9 studies) [9, 14, 29, 34–37, 41, 43], interference 
control of reaction time (IC-RT, 1 study) [30], Digit Symbol 
Substitution Test (DSST, 1 study) [34], and test battery for 
attention (TAP, 1 study) [37]. Moreover, 7 studies [9, 14, 
30, 32, 34, 37, 40] provided data for EF, and EF was tested 
mainly by word list generation (WLG, 3 studies) [9, 14, 34], 
Delis–Kaplan executive function system (DKEFS, 1 study) 
[30], modified flanker task (MFT, 1 study) [30], Stroop 
color–word interference (SCWT, 1 study) [32], Regens-
burg verbal fluency test (RWT, 1 study) [37], trail making 
test B-A (TMT B-A, 1 study) [40], timed up-and-go dual 
task (TUG dual task, 1 study) [40], movie for assessment of 
social cognition (MASC, 1 study) [37]. Subgroup analysis 
showed that exercise significantly improved memory, while 
exercise had no significant effect on improving cognitive 
speed and EF in MS patients, which was inconsistent with 
the result of Gharakhanlou et al. [55], showing that exercise 
training had no significant effects on cognitive speed, EF, 
and memory. The difference between their results and ours 
may be due to the following reasons. On the one hand, they 
searched the databases from the inception of indexing until 
January 2020, while we also included 8 studies published 
in 2020, 2021, and 2022. On the other hand, they included 
both RCTs and non-RCTs, while we included only RCTs. 
However, Hötting et al. [56] found that 6 months of aerobic 
exercise or stretching significantly improved memory capac-
ity in the experimental group compared to the sedentary 
control group, which was consistent with our study. The 
human brain adapts to the external world through neuro-
plasticity, and exercise can promote neuroplasticity in the 

human brain and thus improve cognitive ability [57]. Previ-
ous studies have found that memory is particularly suscep-
tible to movement, and that movement modulates neurogen-
esis and plasticity in the hippocampus, which is associated 
with improvements in hippocampus-dependent learning and 
memory [48, 58].

Our previous study showed that the characteristics of the 
intervention (such as intervention type, minutes of interven-
tion per session, frequency of intervention per week, and 
duration of intervention) can influence the effect of exercise 
on cognitive function [59]. First, we determined whether 
intervention type influenced the effect of exercise on cogni-
tive function in MS patients. The improvement of cognitive 
function in MS patients varies between intervention types, 
with aerobic exercise being the most common option used to 
study exercise to improve cognitive function. Of 21 studies, 
10 studies [11, 13, 14, 30, 32, 34, 37, 38, 40, 42] provided 
data for aerobic exercise, 2 studies [39, 41] provided data for 
resistance exercise, and 8 studies [9, 16, 27, 29, 31, 35, 36, 
43] provided data for multicomponent training. Although 
aerobic exercise was the most used intervention, our study 
only found multicomponent training to be effective for cog-
nitive function in MS patients. Subgroup analysis showed 
that aerobic exercise had no significant associations with 
cognitive function in MS patients, which may be related to 
the duration and frequency of the aerobic exercise interven-
tion. In recent years, there has been interest in the effect 
of resistance training on cognitive function, and one meta-
analysis showed a positive effect of resistance training on 
cognitive function [53], but showed a high degree of het-
erogeneity and no improvement in cognitive function in MS 
patients, which may be due to the small number of included 
studies, with only 2 studies using resistance training as exer-
cise intervention.

We next determined whether duration of intervention 
influenced the effect of exercise on cognitive function in MS 
patients. In this study, we divided the included studies into 
5 subgroups according to duration of intervention, namely 
6 weeks, 8 weeks, 10 weeks, 12 weeks, and 24 weeks. Our 
subgroup analysis showed that 8 and 10 weeks of exercise 
significantly improved cognitive function, while 6, 12, 
and 24 weeks of exercise had no significant associations 
with cognitive function in MS patients. We suspected that 
6 weeks of intervention may be too short to improve brain 
structure and function, whereas 12- and 24-week interven-
tions are too long, leading to exercise resistance effects 
in MS patients. Of the included studies, only 1 study was 
conducted for 6 or 10 weeks, which may be biased, studies 
focused on duration of exercise intervention need to be cau-
tious when referring to our finding.

As for frequency of intervention per week, our subgroup 
analysis showed that interventions conducted 3 times or 
more per week significantly improved cognitive function, 



2919Journal of Neurology (2023) 270:2908–2923 

1 3

while interventions conducted less than 3 times per week 
had no significant associations with cognitive function in 
MS patients. In addition, the effect size for MS patients 
engaged in high-frequency exercise was larger than that for 
those engaged in low-frequency exercise, which indicated 
that high-frequency interventions have better cognitive 
effects than low-frequency interventions [9, 32]. We noted 
that the use of exercise intervention frequency alone cannot 
exclude the influence of other confounding factors, such as 
the duration of intervention per session and the duration of 
intervention per week, which may influence effects of exer-
cise on cognitive function.

Previous study has shown that exercise has a dose–effect 
relationship with health, that an appropriate loading is the 
key to exercise for health [60], and that extra-long exercise 
does not provide health benefits and may even have nega-
tive effects on the organism. Our subgroup analysis showed 
that interventions conducted up to 60 min per session sig-
nificantly improved cognitive function, while interventions 
conducted more than 60 min per session had no significant 
associations with cognitive function in patients with MS, 
which was in consistent with the results of Cai et al. [61], 
showing that performing a combination of 45–60 min of 
exercise three times per week was effective in improving 
working memory in older adults. In addition, a meta-anal-
ysis by Northey et al. [62] found that exercise interventions 
longer than 60 min were not associated with cognitive func-
tion in older adults over 50 years of age, suggesting that 
longer exercise interventions do not produce greater ben-
efits on cognitive function and that 45–60 min interventions 
should be chosen when formulating exercise prescriptions. 
Furthermore, previous studies have shown that 20 min of 
exercise per session can have a favorable effect on cognitive 
function in older adults, but exercise for too short a time 
does not lead to improvements in brain structure and func-
tion, and exercise for too long can lead to fatigue and result 
in a reduced brain plasticity [61, 63], suggesting that the tim-
ing of exercise intervention to improve cognitive function in 
MS patients is important, and future studies should elucidate 
the effect of the timing of exercise intervention.

However, we found that using only the frequency of inter-
vention per week and minutes of intervention per session did 
not exclude the effects of other variables, so we considered 
using frequency of intervention per week and minutes of 
intervention per session to calculate minutes of intervention 
per week for each study and to provide new ideas for exercise 
prescription. The World Health Organization (WHO) recom-
mends that adults should perform 150–300 min of moderate-
intensity aerobic exercise, 75–150 min of vigorous-intensity 
aerobic exercise, or an equivalent combination of moderate-
intensity and vigorous-intensity aerobic exercises per week 
[64]. Our subgroup analysis showed that interventions con-
ducted 180 min or more per week significantly improved 

cognitive function, while interventions conducted less than 
180 min per week had no significant associations with cogni-
tive function in MS patients, which was in consistent with 
the results of Groot et al. [65], showing that interventions 
conducted more than 150 min per week yielded a positive 
effect on cognitive function. Combining the results of fre-
quency of intervention per week and minutes of interven-
tion per session above, we suggest that MS patients should 
exercise for up to 60 min per session, which can be used to 
achieve better gains in cognitive function improvement by 
increasing the frequency of intervention per week.

In recent decades, researchers have developed a number 
of assessment tools to describe the clinical severity and 
functional deficits of MS patients, the most popular of which 
is the EDSS, an assessment scale primarily used to assess 
central nervous system function [66]. EDSS scores range 
from 0 to 10, representing the entire range from normal neu-
rological status to death, with the higher scores associated 
with greater impairment [67], including normal (EDSS = 0), 
mild (0 < EDSS ≤ 3.5), moderate to severe MS (EDSS > 3.5) 
[27]. In the above results, we suspected that the improve-
ment of cognitive function by exercise was influenced by 
the basal MS status of participants, so this study divided 
the included studies into 2 subgroups, the mild group and 
moderate to severe group. Because only one of the included 
studies focused on patients with severe MS, we combined 
the moderate and severe outcomes. Our subgroup analysis 
showed that exercise significantly improved cognitive func-
tion in moderate to severe MS patients, while exercise had 
no significant effect on improving cognitive function in mild 
MS patients, which indicated that the worse basal MS status, 
the greater effect on cognitive function. A previous study in 
patients with moderate cognitive impairment showed that 
cognitive decline was faster in the control group than in the 
exercise intervention group [68] thus allowing for a more 
sensitive determination of the cognitive benefits of exercise.

Regarding exercise to improve cognitive function, most 
studies have chosen middle-aged and elderly population 
because of the decrease in cognitive function with age and 
changes in the structure and function of some brain regions 
[69]. Our subgroup analysis showed that exercise signifi-
cantly improved cognitive function in middle-aged and 
elderly MS patients (age ≥ 45 years), while exercise had no 
significant effect on improving cognitive function in young 
MS patients (age < 45 years), which indicated that the older 
the age, the greater effect on cognitive function. Previous 
studies have long considered exercise interventions to be 
the most widely available option for reducing age-related 
cognitive decline, and long-term exercise intervention plays 
a positive role in reducing delayed cognitive loss, thus sug-
gesting that exercise is effective as a strategy for improving 
age-related neurodegenerative disorders [70, 71]. Northey 
et al. [62] showed that exercise was effective in improving 
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cognitive function in adults over 50 years of age, regardless 
of cognitive status. However, other studies have reported the 
failure of exercise interventions to improve cognitive func-
tion in middle-aged and elderly MS patients [29, 32, 35, 40], 
which may be related to type, duration, and frequency of the 
exercise intervention.

Limitations of the review

There are some limitations of this study that should be 
addressed. First, because our studies were RCTs, the exercise 
interventions could not be blinded, and therefore there was a 
bias due to subjective factors when performing quality assess-
ment of the included studies. Second, many of the included 
studies did not report the intensity of the exercise intervention, 
and therefore we were unable to understand the effects of dif-
ferent exercise intensities on cognitive function in MS patients. 
Finally, the most common MS patient in our included studies 
was RRMS, but it was often mixed with other phenotypes, 
weakening the possibility of performing subgroup analyses.

Conclusion

MS patients are recommended to participate in at least three 
multicomponent training sessions per week, with each ses-
sion lasting up to 60 min, and the exercise goal of 180 min 
per week can be achieved by increasing the frequency of 
exercise. Exercise lasting 8 or 10 weeks is best for cognitive 
function improvement. Additionally, a worse basal MS status, 
or the older the age, the greater effect on cognitive function.
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