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Review Paper
Effects of Combined Training on Fatigue in Multiple 
Sclerosis: A Systematic Review and Meta-analysis of 
Randomized Controlled Trials

Purpose: One of the biggest factors reportedly interfering with the lives of individuals who 
suffer from multiple sclerosis (MS) is fatigue. Prior research has demonstrated that combined 
training may benefit patients with MS. However, it has not been studied how combined exercise 
can lessen fatigue in people with MS. This systematic review and meta-analysis summarizes the 
results of studies that examine the effects of combined training on fatigue in individuals with MS.

Methods: We investigated randomized controlled studies (RCTs) that examined how 
combination training affected fatigue and were published from the start of the research until May 
2024. The Wiley online library, PubMed, Medline, PEDro, ScienceDirect, and Frontiers were 
among the electronic databases that were searched. PEDro and McMaster’s measures were used 
to assess the quality of included research. 

Results: The study’s requirements were satisfied by six RCTs with 279 participants. Using a 
random effect model of meta-analysis, the weighted mean differences of fatigue were 1.81 (95% 
CI, 2.83%, 0.79%) with P=0.002. Accordingly, exercise training is useful in lowering fatigue 
in individuals with MS since all included RCTs revealed significant differences between the 
subjects assigned to the combined exercise group and the control group. 

Conclusion: Combined training can be a useful strategy for helping individuals with MS manage 
their weariness.

A B S T R A C T

Keywords:
Exercise training, 
Rehabilitation, Therapy, 
Physical activity, Disease, 
Symptoms

Citation Fasihi L, Shahrbanian Sh, Jahangiri M. Effects of Combined Training on Fatigue in Multiple Sclerosis: A Systematic 
Review and Meta-analysis of Randomized Controlled Trials. Physical Treatments. 2025; 15(1):1-14. http://dx.doi.org/10.32598/
ptj.15.1.641.2

 : http://dx.doi.org/10.32598/ptj.15.1.641.2

Use your device to scan 
and read the article online

Article info:
Received: 05 Aug 2024
Accepted: 10 Sep 2024
Available Online: 01 Jan 2025

Copyright © 2025 The Author(s); 
This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-By-NC: https://creativecommons.org/licenses/by-nc/4.0/legalcode.en), 
which permits use, distribution, and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://orcid.org/0000-0002-9557-9152
https://orcid.org/0000-0003-3104-7584
https://orcid.org/0000-0002-3461-9800
mailto:sh.shahrbanian%40modares.ac.ir?subject=
https://ptj.uswr.ac.ir/
http://dx.doi.org/10.32598/ptj.15.1.641.2
http://ptj.uswr.ac.ir/page/71/Open-Access-Policy
https://crossmark.crossref.org/dialog/?doi=10.32598/ptj.15.1.641.2
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en
https://creativecommons.org/licenses/by-nc/4.0/legalcode.en


2

 January 2025. Volume 15. Number 1

Introduction

ultiple sclerosis (MS) is a chronic and 
progressive autoimmune disease that 
affects the central nervous system, 
which includes the spinal cord and 
brain [1]. It is estimated that 2.8 mil-
lion people worldwide suffer from MS 

[2]. The exact cause of MS is still unknown; however, 
it is considered to be caused by a complex interaction 
between genetic and environmental factors [3]. Fatigue, 
reduced mobility, emotional and cognitive issues, diffi-
culty sleeping, and a reduction in one’s sense of autono-
my and quality of life (QoL) are among the most typical 
symptoms [4].

At least 75% of patients with MS report experiencing 
fatigue at some time in their disease course, making it 
one of the most prevalent symptoms [1]. According to 
reports, one of the biggest factors that disturbs the life 
of people with MS is fatigue [2, 3]. People with MS fre-
quently experience significant social, familial, and oc-
cupational disruptions [4]. They characterize weariness 
as an unusual feeling of exhaustion or as an increased 
weakness during physical activity. According to clinical 
reports, fatigue in patients with MS is defined as weak-
ness that is exacerbated by exercise and heat, lack of en-
ergy, increased sleepiness, or increasing symptoms [5]. 
The following conditions are thought to be secondary 
causes of exhaustion in these patients: Spasticity, motor 
weakness, enuresis, neurological problems, pain, depres-
sion, sensitivity to heat, and sleep disturbances [6]. To 
control MS symptoms, rehabilitation therapies such as 
exercise, cognitive behavioral therapy, energy-saving 

education, vocational rehabilitation, and telerehabilita-
tion are frequently used [7]. It is extremely challenging 
to manage fatigue in individuals with MS, to the point 
where most therapies are ineffective in reducing fatigue 
symptoms in these patients [8].

Physical activity is a non-pharmacological therapeutic 
strategy for MS that has demonstrated substantial evi-
dence. According to Rietberg et al.’s study, there is a con-
siderable body of evidence that supports the use of exer-
cise to improve physical performance, muscle strength, 
exercise tolerance, and mobility-related skills [9]. In a 
review article by Finlayson and Asano, the cumulative 
impact of exercise treatments was assessed for both ex-
ercise and non-exercise conditions relative to control 
groups. Numerous exercise regimens were found to have 
a randomized effect on fatigue, including progressive re-
sistance training, yoga, mountain climbing, and vestibu-
lar, abaxial, and tail muscle rehabilitation programs. With 
a pooled estimate of -0.57 (95% confidence interval [CI], 
-0.1%, -1.14%) and significant heterogeneity (Q=26.30, 
I2=64%, P=0.013), there was a significant decrease in 
fatigue [10]. Heine et al. (2015) reported that sensitivity 
analysis of the different types of exercise training (mus-
cle power, endurance, task-oriented, and other training 
groups) revealed that the effects of exercise on fatigue 
were greater for the following training groups: Endurance 
exercise (effect size=-0.43 [95% CI, -0.69%, -0.17%], 
P=0.005), muscle power training (effect size=0.03 [95% 
CI, -1.02%, -0.32%], P=0.93), or task-oriented training 
(effect size=-0.34 [95% CI, -1.02 %, -0.23%], P≤0.05) 
[11]. People with MS can benefit from physical activity 
in several ways, including improved QoL, fatigue reduc-
tion, function restoration, disease management, and QoL 

M

Highlights 

● Fatigue was reduced in multiple sclerosis (MS) by combined exercise (strength and aerobic).

● One of the main components of the majority of patients with MS preventative and treatment programs is combined 
exercise.

Plain Language Summary 

MS is a chronic, progressive autoimmune illness that affects the brain and spinal cord, along with the central nervous 
system. The most common symptoms include the loss of independence, tiredness, decreased mobility, emotional and 
cognitive problems, and trouble sleeping, which decreases quality of life (QoL). This study assesses how fatigue is 
affected by combined exercise. Six randomized controlled trials were analyzed, and the results consistently show that 
combined exercise was beneficial in lowering fatigue in patients with MS. Therefore, when creating exercise and 
rehabilitation programs for individuals with MS, coaches, and trainers may want to take this study’s suggestion about 
combined exercise into account to minimize tiredness.

Fasihi L, et al. Combined Training and Fatigue in MS. PTJ. 2025; 15(1):1-14.
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enhancement [12]. Despite these advantages, sedentary 
lifestyles and insufficient physical exercise cause indi-
viduals with MS to be less physically active than the gen-
eral population. This is a sedentary behavior linked to an 
increased risk of MS [12]. 

Combined resistance and endurance training into a train-
ing session is a desirable strategy that may cut down on 
the time needed to complete each exercise separately [13] 
and maximize the unique advantages of each exercise 
type [14]. Based on the current understanding, it is ad-
vised that people with MS combine aerobic and resistance 
training to reap the physiological benefits of both [15].

Compound exercise has been linked to decreased fa-
tigue and possible benefits for patients with MS, accord-
ing to several research [16, 17]. For instance, combined 
exercise enhances fatigue, muscle strength, and QoL 
[17]. In people with MS, combined exercise therapy af-
fects walking distance, fatigue, and balance [18]. How-
ever, combined exercise has not always been successful 
in lowering fatigue in individuals with MS. The impact 
of these workouts on fatigue in individuals with MS can 
be better understood according to this systematic study 
and meta-analysis. Accordingly, this review summarizes 
the results of combined exercise in reducing perceived 
fatigue in individuals with MS.

Materials and Methods

The meta-analysis and systematic review were regis-
tered in Open Science Framework (OSF) and followed 
the preferred reporting items for systematic reviews and 
meta-analysis reporting standards (Table 1).

Study definitions

The following definitions were used as a guide for 
the systematic review and meta-analysis. By working a 
muscle or muscle group against external resistance, re-
sistance training is a type of physical activity intended to 
increase muscle strength and fitness [16]. 

Activities involving continuous or intermittent lo-
comotor or ergometer tasks carried out at submaximal 
amounts of effort are referred to as aerobic exercise. 
Usually, maximum oxygen uptake, relative maximal 
heart rate, or rating of perceived exertion are used to 
decide how long such exercises should last. Combining 
weight training and aerobic exercise into a single work-
out is known as combined exercise [19].

Eligibility criteria 

This evaluation included studies that looked at the ef-
fects of combined exercise training in reducing subjec-
tive fatigue in patients with MS. The inclusion criteria 
were as follows: 1) Adult participants aged 18 years or 
older who had been diagnosed with MS, there were no 
minimum participant requirements for inclusion; 2) Re-
garding the intervention, concentrating on a certain ex-
ercise technique (combined exercise) at any frequency, 
duration, or intensity; 3) Regarding the comparator, it in-
volved comparison across groups, with a control group 
not exercising (e.g. receiving standard practice, main-
taining ordinary lifestyle, engaging in regular physical 
activity, or being on a waiting); 4) Regarding the study 
type, it was randomized controlled trials; and 5) The out-
come was fatigue.

Meanwhile, the exclusion criteria were: 1) Studies 
combining exercise with other interventions (such as 
educational, nutritional and pharmaceutical); 2) Studies 
with a short intervention period ≤4 weeks which includ-
ed exercise programs that could not be estimated and/or 
quantified, provided only an overall score, or used other 
study designs (e.g. quasi-RCT, sectional, cross), 3) Stud-
ies that presented only general findings, 4) Studies using 
other research designs (e.g. cross-sectional, quasi-RCT, 
and crossover) and 5) Reports not written in English.

Search strategy

A comprehensive search was conducted across five 
electronic databases (PEDro, PubMed/Medline, Science-
Direct, Frontiers, Wiley online library) to ensure the inclu-
sion of a wide range of relevant articles from the existing 
literature. A comprehensive search was conducted from 
the inception of the available literature until May 2024. 
The search strings were manually created, without the use 
of automatic search tools, utilizing the main keywords 
“multiple sclerosis” and “exercise”. The search terms used 
were “combined training” OR “concurrent training” OR 
“aerobic and resistance training” OR “strength and endur-
ance training” AND “multiple sclerosis”. Each keyword 
was searched individually in conjunction with the term 
“multiple sclerosis” within the database. 

The initial screening process entailed assessing the ar-
ticle titles and abstracts to ensure they met the eligibil-
ity criteria. The writers then obtained and meticulously 
studied the entire text of all eligible papers. Articles that 
satisfied all of the inclusion criteria were included in the 
systematic review and duplicate articles were deleted 
at this stage. Furthermore, the reference lists of the re-
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https://osf.io/jsznk/
https://pedro.org.au/
https://pubmed.ncbi.nlm.nih.gov/
https://www.medline.com/
https://www.sciencedirect.com/
https://www.sciencedirect.com/
https://www.frontiersin.org/
https://onlinelibrary.wiley.com/


4

 January 2025. Volume 15. Number 1

trieved articles were inspected to discover any further 
related publications. 

A review of the research literature on MS disease indi-
cates that the keywords primarily employed include fa-
tigue, QoL, muscle strength, balance, walking capacity, 
etc. (Figure 1).

Data extraction 

The following data was taken out of each study to al-
low for a comparative comparison of the research find-
ings: Authors’ names, publication year, study design, 
and quality assessment. Other participant characteristics 
included age, sample size, gender, MS type and expand-
ed disability status scale (EDSS) scores. Intervention 
characteristics include frequency, duration, intensity, 
type, and training regimen. Fatigue was the study’s [4]
outcome measurement. Additionally, outcomes, such as 
Mean±SD and CIs were recorded if data were supplied.

Quality assessment

Every study underwent a quality assessment utilizing 
the physiotherapy evidence database (PEDro) criteria. 
Using the PEDro scale, readers can quickly ascertain 
whether a clinical study offers substantial and reliable 
results for implementation in clinical practice [20]. The 

database categorizes only clinical studies, and the total 
number of satisfied items (0–10) is added to establish 
the trial’s score. Reviews and guidelines are not assigned 
grades. As part of this process, separate analyses are 
carried out by two certified assessors. If there is a dis-
agreement, a third assessor reviews the study until clas-
sification is determined [21]. Two authors independently 
evaluated the articles. In case of disagreement between 
raters, a third reviewer was consulted and conflicts were 
resolved through consensus-based discussions [22]. 

Level of evidence and grading

The ranking approach developed by Haynes et al. [23] 
was followed to determine the levels of evidence that 
were utilized to condense the review’s findings. This 
scale, which is based on a study score on the PEDro 
scale, has been used in multiple systematic reviews and 
meta-analyses looking at exercise training in people with 
MS [24–27]. A certification of Level 1a or strong evi-
dence was given if two or more RCTs of “high” quality 
(PEDro≥6) demonstrated a beneficial effect of the com-
bined training on the study result. A level 1b designation 
or a moderate trial was assigned in cases where an RCT 
was deemed to be of “high quality” (PEDro≥6) [23].

Figure 1. The communication network between MS and exercise-related keywords

Fasihi L, et al. Combined Training and Fatigue in MS. PTJ. 2025; 15(1):1-14.
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Quantitative synthesis of studies

By merging the findings of related studies that showed 
clinical and methodological uniformity, we conducted a 
meta-analysis to get a quantitative statistical picture of 
the effect of the combined training on the study’s out-
comes. A forest plot with 95% CI was used to compare 
data from homogenous studies comparing patients with 
MS who had combined resistance and resistance training 
and those who did not. Because a random-effects model 
could account for any variation in the effect of combined 
resistance and resistance training across studies, it was 
chosen for the meta-analysis. A fixed-effects model, on 
the other hand, assumes that every study estimates the 
same effect. To assess statistical heterogeneity, the Q test 
(χ2) was used and the degree of heterogeneity was re-
ported using the I2 statistic, where higher values indicate 
greater heterogeneity [28]. Publication bias was assessed 
by examining funnel plots and performing the Egger in-
tercept test [29]. Statistical analysis was performed using 
the comprehensive meta-analysis software, version 4. 

Statistical analysis 

All pertinent outcome data were collected following 
the techniques described in the studies, and all correla-
tion data were input into the comprehensive meta-analy-
sis software, version 4, to aid in the assessment of overall 
mean correlations for criterion validity. Weighted mean 
effect sizes and 95% CIs across trials for efficacy were 
computed after correlations were transformed to Fisher 
Z scores. The random-effects meta-analyses were based 
on these results. Relative odds ratios with 95% CIs were 
used to display the data.

This study could analyze individual trials since the ran-
dom effects model meta-analyses provided an estimate 
of the mean distribution of effects. Rather than using a 
fixed effects model, this was accomplished by assigning 
more weight to studies with lower sample sizes and less 
weight to studies with larger sample sizes in the analysis 
[30]. The resulting estimates were re-transformed into 
correlation coefficients for convenience of comprehen-
sion [31]. When an effect size’s corresponding CI did 
not include zero, it was considered statistically signifi-
cant (P<0.05) [32]. To assess the significance of differ-
ences in effect sizes, 95% CIs were used as a compari-
son measure. The standard Q2 test was used to measure 
heterogeneity. The weighted sum of squared differences 
between the effects of individual studies and the pooled 
effect of all studies indicates the presence of heterogene-
ity [33]. Furthermore, the I2 coefficient was employed, 
indicating the proportion of overall variation among 

studies that may be attributed to genuine heterogeneity 
rather than random fluctuation. I2 gives a calculation of 
how much of the variation in a meta-analysis is due to 
discrepancies between the trials included, as opposed to 
random sampling error. Higher values of I2 indicate more 
heterogeneity and the range is from 0% to 100% [34]. 
Funnel plots and quantitative methods, such as the Eg-
ger intercept test, filling method, and trim-and-rank cor-
relation test were used to examine publication bias [35]. 
Indicators suggesting the absence of publication bias 
include symmetric inverted funnel plots, non-significant 
values of the Egger regression test for intercepts, non-
significant negative rank correlations, and unchanged ef-
fect sizes using the trim-and-fill approach. The statistical 
analysis was carried out with version 4.0 of the Compre-
hensive meta-analysis software, version 4.

Results

Study selection 

The search strategy in five electronic databases yielded 
2651 full-text articles. Considering the inclusion and ex-
clusion criteria, studies with non-randomized controlled 
trial designs (e.g. pilot, cross-sectional, survey, crossover 
and feasibility studies [n=26]), studies with non-training-
based intervention designs (e.g. medical components, 
educational or training-nutrition combinations [n=27]), 
studies using comparison parameters other than train-
ing (e.g. aerobic training vs strength training, repeated 
measures [n=23]), studies using overlapping studies 
in multiple databases [n=23]), and studies with differ-
ent measurement scales of fatigue (n=3) were excluded 
from the analysis. Overall, 6 RCT studies that satisfied 
the inclusion criteria were included in the qualitative 
analysis [17, 36–40]. Figure 2 displays a flow chart of 
the components mentioned in the systematic review and 
the ensuing meta-analysis.

Characteristics of the included studies

Characteristics of the six studies are provided in Table 1.

Participants’ characteristics

The selected 6 RCTs included a total of 279 participants 
with a Mean±SD age of 42.58±6.72 years, of which 115 
were healthy controls and 164 were people with MS. 
The age range of participants ranged from 32 [39] to 48 
[17] years. Of the participants, 189(74.89%) were fe-
male, while the remaining participants were male (n=90 
[25.11%]). One study included only females with a total 
of 27 participants [17] (7.53%), while five studies (n=252 

Fasihi L, et al. Combined Training and Fatigue in MS. PTJ. 2025; 15(1):1-14.
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[92.47%]) included participants of both genders [36-40]. 
Five of the studies focused specifically on relapsing-re-
mitting people with MS (83.33%) [17, 36-38, 40]. One 
study did not report a specific MS type (16.67%) [39].

In three studies [17, 37, 38], the diagnosis of MS was 
based on the McDonald criteria. In the remaining stud-
ies, the diagnostic criteria for MS were not specified. All 
studies included a control group. EDSS scores ranged 
from 0 to 6. Table 1 summarizes the main findings of the 
included studies.

Study interventions

Physical activity interventions were present across 
studies. Specific interventions are listed in Table 1.

The duration of the training protocols varied between 
8 [38] and 27 [17] weeks. Except for one studies [38], 
the majority of studies followed a sequence of endur-
ance training followed by resistance training. Sub-max-
imal exercise intensity was utilized in all studies. Three 
studies [17, 38, 39] incorporated aerobic exercise using 
an ergometer bicycle and treadmill. In three study [17, 
37, 39], resistance training primarily targeted the lower 

Figure 2. Preferred reporting Items for systematic review and meta-analysis flow diagram of literature review process

Fasihi L, et al. Combined Training and Fatigue in MS. PTJ. 2025; 15(1):1-14.
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limbs, while in two studies [17, 37], resistance training 
encompassed the entire body. The retrieved articles pri-
marily focused on assessing perceived fatigue as an out-
come variable. 

Methodological quality and study classification

The methodological quality of the included studies 
ranged from poor to excellent, as indicated in Table 2. 
All RCTs were classified as good quality [17, 36-40]. 
The most common methodological issue observed was 
the lack of blinding of subjects and therapists, followed 
by the absence of intention-to-treat analysis. Addition-
ally, many studies had small sample sizes of participants 
with MS and most studies did not conduct an a priori 

power analysis for sample size estimation. The detailed 
results of the quality assessment are in Table 2.

Data synthesis

The standardized effects model of meta-analyses cal-
culated the standardized mean differences between com-
bined training groups compared to control groups for 
perceived fatigue in individuals with MS.

Figure 3 shows that participants who participated in a 
multimodal exercise program reported significantly less 
fatigue (Z=3.47, P=0.001) than those who did not. The 
pooled random mean difference in fatigue between the 
groups was 1.81 (95% CI, 2.83%, 0.79%). Accordingly, 
based on the results of the studies included in this review, 

 

 

Due to the possibility of publication bias, the symmetric inverted funnel plot as shown in Figure 

3 does not show clear signs of publication bias. Moreover, the non-significant negative rank 

correlation test (τ = 0.13, P = 0.35) and the non-significant Egger regression test intercept 

(intercept = 4.01, P = 0.29) do not show clear evidence of publication bias. 

However, the significant Q test (Q = 51, P = 0.001) indicated heterogeneity in the data, and the 

I2 index (90%) quantified a high level of heterogeneity. As all reviewed RCTs showed significant 

differences between the control and combined exercise groups, exercise training is effective in 

reducing fatigue in patients with MS. 

 

Figure 3. Forest Plot of the Effect of Exercise on Fatigue (Favors A: Exercise, Favors B: Control) 
Abbreviations: CI, confidence interval. 

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper Relative 
in means error Variance limit limit Z-Value p-Value weight

Correale et al, 2021 -1.217 0.419 0.176 -2.039 -0.395 -2.903 0.004 16.70

Garopoulu et al, 2019 -2.275 0.574 0.330 -3.401 -1.149 -3.960 0.000 15.26

Ozkul et al, 2018 -0.537 0.339 0.115 -1.202 0.128 -1.584 0.113 17.34

Alvarenga-Filho et al, 2016 -0.635 0.486 0.236 -1.587 0.318 -1.306 0.191 16.10

Sangelaji et al,2014 -3.025 0.382 0.146 -3.774 -2.276 -7.914 0.000 17.01

Surakka et al, 2004 -3.142 0.307 0.094 -3.743 -2.541 -10.244 0.000 17.58

-1.813 0.522 0.273 -2.836 -0.789 -3.471 0.001

-1.00 -0.50 0.00 0.50 1.00

Favours A Favours B

Figure 3. Forest plot of the effect of exercise on fatigue (Favors A: Exercise, Favors B: Control) 
CI: Confidence interval.

Figure 4. Funnel plot examining the presence of publication bias in the meta-analysis for fatigue 
Notes: White-filled circles represent observed studies, while gray-filled circles represent imputed studies.

Fasihi L, et al. Combined Training and Fatigue in MS. PTJ. 2025; 15(1):1-14.
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people who underwent multimodal training reported 1.8 
units less fatigue on the FSS than people in the control 
group. In addition, a 95% CI of 2.83% to 0.79% indi-
cates that the fatigue parameter in the MS population 
who were involved in combined training is between 2.83 
and 0.79 units less than those who did not participate.

Due to the possibility of publication bias, the symmet-
ric inverted funnel plot as shown in Figure 3 does not 
show clear signs of publication bias. Moreover, the non-
significant negative rank correlation test (τ=0.13, P=0.35) 
and the non-significant Egger regression test intercept 
(intercept=4.01, P=0.29) do not show clear evidence of 
publication bias. In Figure 4, the funnel plot examines the 
presence of publication bias in meta-analyses for fatigue. 

However, the significant Q test (Q=51, P=0.001) indi-
cated heterogeneity in the data, and the I2 index (90%) 
quantified a high level of heterogeneity. As all reviewed 
RCTs showed significant differences between the con-
trol and combined exercise groups, exercise training is 
effective in reducing fatigue in patients with MS.

Discussion

To the best of our knowledge, this is the first study to 
examine and evaluate the literature on how combined 
training affects individuals with MS weariness. The re-
sults of this review including 6 RCTs involving 2651 
participants suggest there is evidence supporting that a 
combined training program is an effective therapeutic 
strategy for reducing fatigue among individuals with MS.

Table 1. Summary table of retrieved combined exercise studies

Authors, Year Participants Intervention Comparison

Main 
Outcomes 
and Their 
Measures

Results

Correale et al. 2021
 [17]

n=27 (women); EDSS <4; control 
group: n=13, age=48.3±6.1 years; in-

tervention group: n=14, age=45.4±7.2 
years

Combined training: 25-min 
aerobic training (50% to 70% 
heart rate reserve); complete 
three sets; 8–12 repetitions; 
the rest 60–90 s. 27 weeks; 2 
sessions per week; total of 54 

sessions; 45 to 60 min

Control group: 
Did not receive 

intervention
FSS ↓

Alvarenga-Filho et al. 
2016 [36]

n=28, EDSS ≤2.0; control group: 
n=8 (women=7 and men=1), age= 

41.1±12.9 years; intervention group: 
n=10 (women=8 and men=2), 

age=35.2±7.6 years

Combined training: 30 min; 
aerobic exercise; 60 min per 
session; 12 weeks; 2 sessions 

per week; total 24 session

Control group:
Did not receive 

intervention
FSS ↓

Grazioli et al., 2019
 [37]

n=36, EDSS ≤6; control group: n=6 
(women=5, men=1); age=41.7±8.7 

years; intervention group: n=18 
(women=14, men=4), age=46.1±14 

years

Combined exercise: 12 weeks; 
3 sessions per week; 60 min 

every session; total 36 session

Control group:
did not receive 

intervention
FSS ↓

Ozkul et al.
2018 [38]

n=36, EDSS=5; control group: n=18 
(women=14 and men=4), age= 34.5 

years; intervention group: n=18 (wom-
en=14 and men=4), age=34 years

Combined training: Received 
relaxation exercise; 8 weeks; 
3 sessions per week; total 24 

session

Control group:
Did not receive 

intervention
FSS ↓

Sangelaji et al. 2014
 [39]

n=61, EDSS= 0–4; control group: 
n=22 (women=15 and men=7), age= 

32±6.3 years; intervention group: 
n=39 (women=24 and men=15), age= 

33±7.6 years

Combined training: Strengthen-
ing exercises with spring, and 
balance exercises 10 weeks; 
3 sessions per week; total 30 

session

Control group:
Did not receive 

intervention
FSS ↓

Surakka et al. 2004
 [40]

n=91, EDSS= 1-5.5; control group: 
n=48 (women=31 and men=17), age: 
women=44±7 years and men=44±7 

years; intervention group: n=47 
(women=30 and men=17), age: 

women=43±6 years and men=45±6 
years

Combined training: -20-25 min 
aerobic exercises; 65-70% heart 
rate reserve; 10-15 repetitions 

1 RM followed by a home 
exercise program lasting total 

23 weeks.

Control group:
did not receive 

intervention
FSS ↓

Abbreviations: FSS: Fatigue severity scale; N: Number of subjects; FIS: Fatigue impact scale; EDSS: Expanded disability status; 
RM: Repetition maximum.
Notes: ↑=Increased, ↓=Decreased, ↔=No significant difference.

Fasihi L, et al. Combined Training and Fatigue in MS. PTJ. 2025; 15(1):1-14.
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The majority of individuals with MS complain of fa-
tigue, which is typically connected to a physical impair-
ment. There is no established explanation for this multi-
faceted and intricate MS symptom, although fatigue is 
thought to be caused by several different variables [41]. 
Rehabilitative-based interventions have demonstrated a 
greater impact than medication-based tiredness therapies 
[42]. Studies on the connection between fatigue and ac-
tivity in people with MS have been undertaken recently, 
which has raised concerns regarding this condition. Our 
results are consistent with other research demonstrating 
that people with MS might anticipate less fatigue with 
combined exercise program therapies [15, 36-40, 43, 44]. 

The results show that combined training intervention 
is effective in reducing fatigue. Due to its impact on 
fatigue, interventions utilizing this training style can re-
sult in notable improvements in muscular strength and 
endurance, which is pertinent for individuals with MS. 
These outcomes perfectly align with those of a previous 
investigation on how combined exercise affects tired-
ness in MS patients. Research examining the association 
between combined strength and endurance training for 
12 weeks and tiredness in people with MS indicated a 
significant correlation [17]. In a study on tiredness and 
QoL in individuals with MS, multiple combined exer-
cise treatment regimens were used. The results showed a 
comparable connection between exercise combinations 
and sleep quality, with combined therapeutic training be-
ing related to lower fatigue perception [45].

Pathophysiological processes, such as altered skeletal 
muscle function, including a reduction in type I muscle 
fibers, reduced oxidative capacity, and a predominantly 
anaerobic activity of extrafusal skeletal muscle fibers, 
may contribute to increased fatigue [41]. Also, skeletal 
muscle weakness and fatigue contribute to decreased ac-
tivity and movement in individuals with MS, potentially 

leading to muscle atrophy [42]. Combined training, (re-
sistance, and endurance training), offers dual benefits in 
patients with MS. Resistance training aids in reducing 
muscle atrophy and increasing muscle strength, while 
endurance training enhances mitochondrial quantity 
and oxidative capacity, ultimately reducing fatigue in 
patients with MS.

Morphological adaptations, such as increased cross-
sectional area of the muscle (hypertrophy), along with 
other factors like hyperplasia, changes in fiber type, 
muscle structure, myofilament density, connective tissue 
structure, tendons, and nerve adaptations, play vital roles 
in strengthening muscle following resistance training 
[44]. Furthermore, as the findings of the current study 
indicate, combined training can increase the walking 
capacity of people with MS in their daily activities, po-
tentially by enhancing muscle strength, neuromuscular 
coordination, and reduction of perceived fatigue. Studies 
employing low frequency/intensity have often extended 
the length of the intervention; however, other factors, 
such as exercise duration or intensity, may also affect 
dose-response relationships. Lastly, when participants 
were preselected based on their level of weariness, or 
when fatigue was viewed as the key outcome, this cat-
egory performed best. The link between these results and 
the findings from recent research examining the impact 
of behavioral treatments and exercise on overall weari-
ness has been demonstrated by several different studies. 
There might be several issues with this study.

Conclusion

In people with MS, exercise is a useful intervention to 
reduce fatigue. According to the available RCTs, com-
bined training seems to be the most effective type of 
training in reducing fatigue. Given that combined exer-
cises (resistance and endurance) have more benefits for 

Table 2. The methodological quality of the reviewed studies (using the PEDro scale)

Authors, Year 1 2 3 4 5 6 7 8 9 10 11 Total Quality

Correale et al. 2021 [17] 1 1 1 1 0 0 1 1 0 1 1 7/10 Good

Grazioli et al. 2019 [37] 1 1 0 1 1 0 1 1 1 1 1 8/10 Good

Ozkul et al. 2018 [38] 1 1 0 1 0 1 1 1 1 1 1 8/10 Good

Alvarenga-Filho et al. 2016 [36] 1 1 1 1 1 0 1 0 0 1 1 7/10 Good

Sangelaji et al. 2014 [39] 1 1 0 1 0 1 1 1 0 1 1 7/10 Good

Surakka et al. 2004 [40] 1 1 0 1 1 1 1 0 1 1 1 8/10 Good

Notes: The first item measures external validity and has not been used in the total score.

Fasihi L, et al. Combined Training and Fatigue in MS. PTJ. 2025; 15(1):1-14.
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people with MS compared to endurance or resistance 
exercises alone. Our results indicate that combined ex-
ercise is positive and effective for the recovery of people 
with MS, which should be taken into consideration when 
designing exercise and treatment programs for patients 
with MS aimed at reducing fatigue. The conflicting and 
limited nature of the results summarized in this study 
suggests that more comprehensive studies are needed to 
better understand and quantify the effect of regular phys-
ical activity on reducing fatigue in patients with MS. 
However, to find out which kind of combined exercise 
training is best for people with MS, additional research is 
necessary. Furthermore, future research should examine 
the effects of nutritional restriction in conjunction with 
a longer and more diverse exercise training time in indi-
viduals with MS.

Study limitations

This study faced several limitations that may affect the 
generalizability of our findings. First, we only included 
reviewed RCTs that were English, which could poten-
tially introduce bias and overestimate the effect size. Al-
though we attempted to address observed biases using 
the trim and fill method, the exclusion of non-English 
studies and unpublished results may have affected the 
calculated effect sizes. These factors may reduce the 
likelihood of discovering additional articles relevant to 
the review topic. Second, the high variability in method-
ology, outcome measures, and protocols used in differ-
ent studies hinders the possibility of conducting a meta-
analysis for specific variables such as muscle strength 
and balance and thus limits the reporting of only quali-
tative results. Thirdly, the limited number of studies in 
the combined training group (resistance and aerobic) did 
not allow accurate results to be presented and should be 
considered in future studies. Fourth, there was high het-
erogeneity between studies, which may be due to dif-
ferences in exercise protocols, differences in severity of 
MS disease in different studies, and possible drug use in 
patients. Fifth, the small number of subjects in the in-
cluded studies as well as the lack of a control group in 
some studies are important methodological limitations 
that should be considered. Despite extensive studies on 
the effects of sports training on MS, it is still recom-
mended to investigate the importance of combined train-
ing in individuals with MS in future studies. In addition, 
it is better to investigate the relationship between the 
changes caused by combined exercise and the complica-
tions of MS disease to clarify the possible mechanism of 
the effects of exercise on improving the complications 
of MS disease. However, this review possesses several 
strengths. For instance, it did not impose restrictions on 

the search based on a specific date or outcome variable. 
Additionally, the study adhered to the Cochrane guide-
lines for meta-analysis and systematic review. Moreover, 
the quality of all included studies was assessed to miti-
gate the potential for biased findings.

Given the absence of definitive treatment for individu-
als with MS, along with the high cost and potential side 
effects associated with drug therapies, patients may turn 
to modified and cost-effective approaches like exercise 
to alleviate symptoms and halt disease progression. 
Among different training modalities, combined, resis-
tance, and endurance training offer distinct advantages 
and benefits to people with MS compared to solely en-
gaging in endurance or resistance training. Consequent-
ly, individuals experiencing symptoms such as fatigue, 
impaired balance, reduced physical strength, and dif-
ficulties performing daily tasks can derive significant 
advantages from adopting combined, resistance, and en-
durance training. Sports physiologists, physiotherapists, 
clinicians, and other healthcare providers can employ 
this training methodology in patients with mild to mod-
erate disability caused by MS, aiming to prevent further 
disability and alleviate symptoms.
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