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A B S T R A C T   

Background: A large body of evidence has tested the effect of exercise interventions on mental health and health- 
related quality of life (HRQoL) in individuals with multiple sclerosis (PwMS). 
Objective: To determine the effect of exercise interventions on mental health and HRQoL in PwMS. 
Methods: We searched four databases up to April 2023, and included randomized controlled trials that: 1) 
involved PwMS ≥18 years old; 2) delivered an exercise intervention; 3) measured subjective well-being, psy-
chological well-being, social well-being, or HRQoL as outcomes. We reported standardized differences in means 
(d) with a 95 % confidence interval (CI), for continuous outcomes and an incidence rate ratio (IRR) with a 95 % 
CI for dichotomous outcomes. 
Results: Forty-nine studies (n = 2,057 participants) were included. Exercise improved overall well-being (d =
0.78; 95 % CI 0.483, 1.077; moderate certainty evidence), subjective well-being (d = 0.666; 95 % CI 0.405, 
0.928; moderate certainty evidence), social well-being (d = 1.046; 95 % CI 0.569, 1.523; low certainty evidence), 
and HRQoL (d = 0.568; 95 % CI 0.396, 0.74; moderate certainty evidence). 
Conclusion: Exercise interventions can improve well-being and HRQoL in PwMS. Future studies should focus on 
PwMS ≥ 65 years or with higher level of impairments.   

1. Introduction 

Nearly 20 % and 30 % of individuals with MS report symptoms of 
depression and anxiety, respectively (Chwastiak and Ehde, 2007; Pham 
et al., 2018). Poor mental health is associated with presenteeism and 
absenteeism (van Egmond et al., 2022), thus representing a barrier to 
employment, with up to 43 % of people with MS (PwMS) that stop 
working within 3 years of diagnosis and up to 70 % within 10 years 
(Multiple Sclerosis International Federation, 2016). On the other hand, 
the loss of employment, along with fatigue and poor mental health, has a 
negative impact on health-related quality of life (HRQoL) (Berrigan 
et al., 2016; Marck et al., 2020; Wu et al., 2007). People living with 
disabilities face barriers to accessing healthcare and display higher rates 
of health-compromising behaviours which, combined with a lower 

exposure to disease prevention and health promotion services compared 
with people without disabilities (World Health Organization and World 
Bank, 2011), can further compromise mental health and HRQoL. 

Mental health can be defined as the absence of clinical mental health 
disorders combined with high levels of well-being (Keyes, 2006). 
Well-being is a multidimensional concept, which can be conceptualized 
as subjective well-being (individuals’ assessments of their emotions and 
affects, happiness, satisfaction with life and domains of life), psycho-
logical well-being (purpose in life, personal growth, self-efficacy, and 
self-acceptance), and social well-being (individuals’ perceptions of the 
quality of their relationships with other people, their neighbourhoods, 
and their communities) (Diener et al., 1999; Keyes, 2006). Mental health 
influences health-related quality of life (HRQoL), which can be 
described as the individual’s perception of physical and mental health 
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over time (Centers for Disease Control and Prevention). According to 
Dijkers (1977), HRQoL refers to those components of QoL that are 
directly and indirectly affected by health, disease, disorder, and injury 
(e.g., signs, symptoms, treatment side effects, physical, cognitive, 
emotional and social functioning). 

In the recent years, disability has moved from being considered a 
medical condition to be treated to be recognized as part of human life 
(World Health Organization and World Bank, 2011), as such it can be 
rich, fulfilling, and gifted (Goodley et al., 2014). Therefore, there is a 
need for effective, accessible, safe, sustainable strategies to increase 
mental health and HRQoL in this population. Exercise has been pro-
posed as a strategy to accomplish this goal. A large body of evidence 
shows that exercise increases positive affective states and it is negatively 
associated with anger, confusion, tension, and fatigue in the general 
population (Biddle et al., 2021; Reed and Buck, 2009; Reed and Ones, 
2006). Furthermore, physical activity (PA) seems to play a preventative 
role against the development of depressive symptoms: individuals with a 
more sedentary lifestyle were more likely to develop depressive symp-
toms (Farmer et al., 1988; McDowell et al., 2018; Paffenbarger et al., 
1994), while increases in PA may reduce risk for depression (Jerstad 
et al., 2010). Similarly, meta-analyses showed that regular exercise leads 
to a better HRQoL in the general population (Gillison et al., 2009) as 
well as in persons with physical disabilities, such as spinal cord injury 
(Martin Ginis et al., 2010; Ponzano et al., review) and MS (Alphonsus 
et al., 2019; Motl and Gosney, 2008). Motl & Gosney (2008) included 13 
studies, and detected positive effects of exercise on HRQoL. Alphonsus 
et al. (2019) included 18 studies, and detected small to moderate effects 
on the mental, physical, and social domains of HRQoL. In the most 
recent years, growing research has tested the effects of exercise on 
mental health and HRQoL in people with physical disabilities; further-
more, many studies assessed aspects of mental health with specific 
measures of well-being, beyond mental functioning domains of HRQoL 
questionnaires and measures of anxiety and depression. Hence, a sys-
tematic synthesis of the literature was needed to provide a scientific 
ground to the recommendation of PA and exercise to improve well-being 
and HRQoL among PwMS. Therefore, the aim of the present systematic 
review and meta-analysis was to determine the effects of exercise on 
mental health and HRQoL in PwMS. 

2. Method 

This systematic review is reported according to the Preferred 
Reporting Items for Systematic Review and Meta-Analysis (PRISMA) 
(Page et al., 2021). The protocol was informed by the Cochrane Hand-
book for Systematic Review of Interventions and registered via the In-
ternational Prospective Register of Systematic Reviews (PROSPERO) at 
https://www.crd.york.ac.uk/prospero/ (registration number 
CRD42022298361, last updated on December 6, 2022). The protocol 
was co-developed by a working group consisting of researchers in the 
fields of physical disabilities, knowledge translation, and exercise sci-
ence, a clinical psychologist with expertise in treating patients with MS, 
a physiatrist specialized in the treatment of individuals with MS, and 
two graduate students. 

2.1. Data sources and searches 

The literature searches were conducted in December 2021 and 
updated in April 2023. We searched the following databases: MEDLINE; 
Cochrane CENTRAL (clinical trials); CINAHL (allied health journal 
content); PsycINFO. The search strategy was developed using Medical 
Subject Headings (MeSH terms) and keywords related to the manage-
ment of MS and the effects of the interventions. No restrictions by lan-
guage were applied for the literature search. 

2.2. Study selection 

2.2.1. Study design 
Only randomized (RCT) and quasi-randomized controlled trials 

(quasi-RCT) were eligible for inclusion. Non-RCT, pre-post design 
studies, cohort studies, case-control studies, review articles, observa-
tional studies, cross-sectional studies, letters to editors, and commen-
taries were excluded. 

2.2.2. Population 
We included studies on men and women aged 18 years or older 

diagnosed with any forms of MS (clinically isolated syndrome, relapsing 
remitting, primary progressive, or secondary progressive) living in the 
community. We excluded studies on individuals younger than 18 years 
and studies which included both individuals with MS and people with 
other neurological disorders. 

2.2.3. Intervention 
We included any exercise or PA interventions, operationalized as 

participation in sport (both competitive and non-competitive) and other 
activities to improve or maintain one or more components of health- 
related (e.g., aerobic fitness, muscular strength and endurance, body 
composition and flexibility) or skill-related (e.g., balance, coordination, 
speed, etc.) fitness (Caspersen et al., 1985). Physical therapy and reha-
bilitation interventions were deemed eligible if at least one component 
was performed actively and independently by the participants, to 
distinguish active exercise from passive mobilization performed by a 
physical therapist. 

2.2.4. Comparator 
We included in the meta-analysis studies that had at least one 

comparator group that received no intervention. In case the control 
group was offered a non-exercise intervention (e.g., dietary supple-
mentation), the study was included only if the same intervention (dose, 
frequency, intensity, type, time, etc.) was administered to the inter-
vention group as well. Studies with an active or attention control group 
were considered for inclusion in the meta-analysis if the attention con-
trol was not hypothesized to have an effect on the outcomes of interest 
(e.g., information on services available to individuals with MS). 

2.2.5. Outcomes 
Primary outcomes were:  

1) Aspects of mental health, conceptualized based on Diener et al. 
(1999) and Keyes (2006) as:  
a) subjective well-being (individuals’ assessments of their emotions 

and affects, happiness, satisfaction with life and domains of life, 
anxiety, and depression);  

b) psychological well-being (purpose in life, personal growth, and 
self-acceptance);  

c) social well-being (individuals’ perceptions of the quality of their 
relationships with other people, their neighbourhoods, and their 
communities).  

2) Health-related quality of life, (HRQoL), defined by Dijkers (1977) as 
“components of quality of life that centre upon or are directly and indi-
rectly affected by health, disease, disorder, and injury”. 

Secondary outcomes were serious adverse events (SAEs), defined as 
any untoward medical occurrence that, at any dose, results in death, a 
threat to life, inpatient hospitalization, or prolongation of existing 
hospitalization, or in persistent or significant disability/incapacity 
(Health Canada, 2018), and non-serious adverse events (non-SAEs), 
defined as any reaction related to the intervention such as musculo-
skeletal injuries (e.g., sprains, strains, joint pain, overuse injuries) that 
do not require immediate medical attention. We also reported on 
retention, operationalized as the number of participants that completed 
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both baseline and post-intervention assessment, and adherence, oper-
ationalized as any information about the number of sessions attended by 
the participants (e.g., percentage of sessions attended). 

2.3. Data extraction and quality assessment 

Pairs of reviewers (LB, LB, SA, MP) independently assessed the titles 
and abstracts to confirm their eligibility. All the discrepancies between 
reviewers were resolved by discussion. Full texts published in English, or 
Italian were retrieved, and each full text was screened by two authors 
(LB, LB, SA, MP). All the conflicts between reviewers were resolved by 
discussion or, when an agreement was not reached, by a third author. 
Data extraction was completed independently by two authors (LB, LB, 
SA, MP). We extracted the following information from each study: 
descriptive information about the study (title, authors, publication date 
and status, country, study design); population and participants charac-
teristics according to Cochrane PROGRESS Plus;(O’Neill et al., 2014) 
number of recruited participants, dropout rates and reasons, adherence 
rates and adverse events; intervention (frequency, intensity, type, 
duration and setting of the delivered intervention, qualification of the 
person delivering the intervention, if the programs were super-
vised/unsupervised or in group/alone and information about progres-
sion); type of comparator (if any); outcomes described above. In case of 
missing information, the corresponding authors of the individual studies 
will be contacted a maximum of two times. All the discrepancies be-
tween reviewers were resolved by discussion. In case some information 
was missing, the authors of the original studies were contacted a 
maximum of two times. Two authors (FM and MP) categorized the 
outcome measures from the included studies into the three dimensions 
of well-being (i.e., subjective, psychological, and social), according to 
Diener et al. (1999) and Keyes (2006). Pairs of reviewers (LB, LB, FM, 
MP) independently assessed risk of bias using the Revised Cochrane 
Risk-of-bias Tool for Randomized Trials (RoB 2) (Higgins et al., 2022); 
disagreements were resolved by consensus or consultation with a third 
reviewer. The Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach (Schünemann et al., 2022) was used 
to assess the certainty of the evidence (Fig. 6). 

2.4. Data synthesis and analysis 

Data were extracted using Covidence (https://www.covidence.org/h 
ome; Covidence, Melbourne, Australia) and then imported to Compre-
hensive Meta-Analysis (v.4; Biostat Inc., Englewood, NJ, USA; Boren-
stein et al., 2022) for statistical analysis. We performed random-effects 
meta-analyses of between-group comparisons of pre-post change 
scores. We reported standardized differences in means (d) with a 95 % 
confidence interval (CI) for continuous outcomes, and interpreted it as 
small (0.2), medium (0.5), or large (0.8) (Cohen, 1988). Meta-analyses 
based on between-group comparisons of changes from baseline are 
recommended over comparisons of post-intervention values, as they 
remove any between-person variability from the analysis (Deeks et al., 
2023). However, most of the studies did not report pre-post change 
scores nor did they adjust the analyses for baseline values, and pooling 
post-intervention values with change scores is not recommended when 
the estimate of the effect is a standardized mean difference (Deeks et al., 
2023). Therefore, we calculated pre-post change scores (Borenstein 
et al., 2022) from the studies that reported unadjusted post-intervention 
values, and we pooled them in the meta-analyses by imputing a rxy = 0.5 
correlation coefficient between pre- and post-intervention assessments 
(Borenstein, 2009; Kelley et al., 2022). We reported analyses with cor-
relations coefficients between pre- and post-intervention assessments as 
rxy = 0.1, and rxy = 0.9 in sensitivity analyses (supplementary material 
S3, Fig. 11–18) (Borenstein, 2009; Kelley et al., 2022). We assessed 
heterogeneity between trials by using I2, Tau2, and Q, and reported a 95 
% prediction interval (PI) when Tau2 > 0. We calculated an incidence 
rate ratio (IRR) with a 95 % CI for SAEs, and presented non-SAEs in a 

narrative synthesis, as less than three studies had at least one non-SAEs 
in both groups, and thus it was not possible to calculate an IRR. We 
assessed publication bias by visual inspection of funnel plots (Egger 
et al., 1997). 

Regarding mental health outcomes, we performed a main meta- 
analysis combining all the well-being outcomes. For the studies that 
assessed more than one dimension of well-being, the software calculated 
within-study averages of the between-group differences in well-being 
outcomes that were then pooled in the meta-analysis (Borenstein 
et al., 2022). We performed sensitivity analyses to explore the effects of 
exercise on the different dimensions of well-being measured by more 
than two studies (i.e., subjective well-being, and social well-being). With 
regard to overall well-being and HRQoL, we performed sensitivity an-
alyses by intervention type, to explore the effects of aerobic training and 
combined aerobic and progressive resistance training on such outcomes, 
since a network meta-analysis showed that combined training, aerobic 
and resistance training were the most effective interventions to improve 
muscular fitness in PwMS (Reina-Gutiérrez et al., 2023). 

3. Results 

3.1. Characteristics of included studies 

We screened 8491 deduplicated abstracts and 280 full-text, and 49 
studies from 48 RCTs (n = 2057 participants, 77 % females, mean age <
65 years in every study) were included (Fig. 1). Thirty-three studies 
(Ahmadi et al., 2010; Andreu-Caravaca et al., 2022; Bahmani et al., 
2022; Carter et al., 2014, 2013; Correale et al., 2021; Dalgas et al., 2010; 
Escudero-Uribe et al., 2017; Feys et al., 2016; Grubic Kezele et al., 2021; 
Hebert et al., 2018; Heine et al., 2017; Kargarfard et al., 2012; Kooshiar 
et al., 2015; Langeskov-Christensen et al., 2021a, 2021b; Mokhtarzade 
et al., 2017, 2021; Najafi et al., 2023; Negahban et al., 2013; Oken et al., 
2004; Ozdogar et al., 2020; Ozkul et al., 2020; Petajan et al., 1996; 
Prosperini et al., 2013; Razazian et al., 2016; Romberg et al., 2005; 
Schulz et al., 2004; Straudi et al., 2014, 2022; Sutherland et al., 2001; 
Tarakci et al., 2013; Yazgan et al., 2020) from 32 RCTs were performed 
in people with a mean EDSS < 5.5, one study (Incheol Jeong et al., 2021) 
in people with EDSS between 5.5 and 7.5, one study (McAuley et al., 
2015) in people with a mean EDSS ≤ 6.5, one study (Thomas et al., 
2017) in people with a mean EDSS < 6, one study (Cakit et al., 2010) in 
people with a mean EDSS ≤ 6, one study (Heinrich et al., 2021) in 
participants with a mean EDSS ≤ 5.5, one study (Correale et al., 2021) in 
people with a mean EDSS < 4, one study (Paul et al., 2014) in people 
with a mean EDSS > 5.5, one study (Learmonth et al., 2012) in partic-
ipants with a mean EDSS ≥ 5, two studies in participants with a median 
EDSS < 6 (Gunn et al., 2021) and < 5 (Tollár et al., 2020), respectively, 
one study (Louie et al., 2021) in participants with a median EDSS < 6 
(intervention group) and < 4 (control group). Five studies had an in-
clusion criterion based on ambulation abilities: Buttolph et al. (2021) 
included people able to walk 50 feet without assistance, Dodd et al. 
(2011) participants with an Ambulation Index (Hauser et al., 1983) 
score of 2, 3 or 4, Fleming et al. (2021) participants with a 
patient-determined disease steps score < 3, Hebert et al. (2011) people 
able to walk 100 m with or without a single-sided aid, and Toomey & 
Coote (2017) included non-ambulatory individuals. Most studies deliv-
ered interventions that combined more than one type of exercise, with 
an average intervention duration of 3.5 ± 2.0 months, for 3.0 ± 1.5 days 
per week (supplementary material S1, Table 1). Twelve studies (Ahmadi 
et al., 2010; Bahmani et al., 2022; Feys et al., 2016; Hebert et al., 2011; 
Heine et al., 2017; Heinrich et al., 2021; Langeskov-Christensen et al., 
2021a, 2021b; Mokhtarzade et al., 2017; Oken et al., 2004; Petajan 
et al., 1996; Schulz et al., 2004) delivered an aerobic intervention; six 
studies (Escudero-Uribe et al., 2017; Hebert et al., 2018; Prosperini 
et al., 2013; Thomas et al., 2017; Tollár et al., 2020; Yazgan et al., 2020) 
a balance exercise intervention; five studies (Cakit et al., 2010; Carter 
et al., 2014, 2013; Learmonth et al., 2012; Paul et al., 2014) an aerobic, 
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resistance training, and balance multicomponent intervention; four 
studies (Kargarfard et al., 2012; Kooshiar et al., 2015; Razazian et al., 
2016; Sutherland et al., 2001) an aquatic exercise intervention; three 
studies a resistance training intervention, (Andreu-Caravaca et al., 2022; 
Dalgas et al., 2010; Dodd et al., 2011) and an aerobic and resistance 
training combined intervention; (Correale et al., 2021; Mokhtarzade 
et al., 2021; Romberg et al., 2005) two studies Pilates, (Fleming et al., 
2021; Najafi et al., 2023) and multicomponent interventions including 
gait training, flexibility and resistance training (Straudi et al., 2014, 
2022), and balance, resistance training, and flexibility (McAuley et al., 
2015); one study delivered a multimodal individualized home exercise 
program(Toomey and Coote, 2017), a telerehabilitation exercise 

program (Incheol Jeong et al., 2021), qigong (Buttolph et al., 2021), and 
other multicomponent interventions including: gait training, balance, 
and functional training (Gunn et al., 2021), aerobic, resistance training, 
balance, and flexibility (Negahban et al., 2013), balance, resistance 
training, and functional training (Louie et al., 2021), resistance training, 
breathing, and coordination (Grubic Kezele et al., 2021), balance and 
arm and core stability exercises (Ozdogar et al., 2020), and aerobic and 
Pilates (Ozkul et al., 2020). Eight studies (Ahmadi et al., 2010; Bahmani 
et al., 2022; Kargarfard et al., 2012; Kooshiar et al., 2015; Mokhtarzade 
et al., 2017, 2021; Negahban et al., 2013; Razazian et al., 2016) were 
performed in Iran; seven studies (Buttolph et al., 2021; Hebert et al., 
2011, 2018; Incheol Jeong et al., 2021; McAuley et al., 2015; Oken et al., 

Fig. 1. PRISMA flowchart.  
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2004; Petajan et al., 1996) in USA; six studies (Carter et al., 2014, 2013; 
Gunn et al., 2021; Learmonth et al., 2012; Paul et al., 2014; Thomas 
et al., 2017) in UK; five studies (Cakit et al., 2010; Ozdogar et al., 2020; 
Ozkul et al., 2020; Tarakci et al., 2013; Yazgan et al., 2020) in Turkey; 
four studies (Correale et al., 2021; Prosperini et al., 2013; Straudi et al., 
2014, 2022) in Italy; three studies in Australia (Dodd et al., 2011; Louie 
et al., 2021; Sutherland et al., 2001), and Denmark (Dalgas et al., 2010; 
Langeskov-Christensen et al., 2021a, 2021b); two studies in Germany 
(Heinrich et al., 2021; Schulz et al., 2004), Ireland (Fleming et al., 2021; 
Toomey and Coote, 2017), and Spain (Andreu-Caravaca et al., 2022; 
Escudero-Uribe et al., 2017); one study in Belgium (Feys et al., 2016), 
Croatia (Grubic Kezele et al., 2021), Finland (Romberg et al., 2005), 
Hungary (Tollár et al., 2020), Iran and Malaysia (Najafi et al., 2023), and 
The Netherlands (Heine et al., 2017). Thirty-three studies (Ahmadi 
et al., 2010; Buttolph et al., 2021; Carter et al., 2013; Dalgas et al., 2010; 
Dodd et al., 2011; Feys et al., 2016; Grubic Kezele et al., 2021; Gunn 
et al., 2021; Hebert et al., 2011, 2018; Heine et al., 2017; Heinrich et al., 
2021; Langeskov-Christensen et al., 2021a, 2021b; Learmonth et al., 
2012; Louie et al., 2021; McAuley et al., 2015; Mokhtarzade et al., 2017, 
2021; Najafi et al., 2023; Negahban et al., 2013; Oken et al., 2004; 
Ozdogar et al., 2020; Paul et al., 2014; Petajan et al., 1996; Romberg 
et al., 2005; Schulz et al., 2004; Straudi et al., 2014, 2022; Sutherland 
et al., 2001; Thomas et al., 2017; Toomey and Coote, 2017; Yazgan et al., 
2020) received funding from non-profit organizations, eight studies 
(Andreu-Caravaca et al., 2022; Bahmani et al., 2022; Fleming et al., 
2021; Ozkul et al., 2020; Prosperini et al., 2013; Razazian et al., 2016; 
Tarakci et al., 2013; Tollár et al., 2020) declared they received no 
funding, and seven studies (Cakit et al., 2010; Carter et al., 2014; Cor-
reale et al., 2021; Escudero-Uribe et al., 2017; Incheol Jeong et al., 2021; 
Kargarfard et al., 2012; Kooshiar et al., 2015) did not report funding 
information. 

3.2. Effects of exercise on psychosocial outcomes 

3.2.1. Overall well-being 
Exercise improved overall well-being (d = 0.780; 95 % CI 0.483, 

1.077; 95 % PI − 0.876, 2.436; 1410 participants, 34 studies from 33 
RCTs; I2 = 86 %, Tau2 = 0.6538, Q = 232.131; moderate certainty ev-
idence; Fig. 2). Ten studies (Ahmadi et al., 2010; Bahmani et al., 2022; 
Hebert et al., 2011; Heine et al., 2017; Heinrich et al., 2021; Lange-
skov-Christensen et al., 2021a, 2021b; Oken et al., 2004; Petajan et al., 
1996; Schulz et al., 2004) delivered an aerobic intervention, four studies 
(Escudero-Uribe et al., 2017; Hebert et al., 2018; Thomas et al., 2017; 
Tollár et al., 2020) a balance intervention, four studies (Kargarfard et al., 
2012; Kooshiar et al., 2015; Razazian et al., 2016; Sutherland et al., 
2001) an aquatic exercise intervention, two studies (Fleming et al., 
2021; Najafi et al., 2023) Pilates, one study a telerehabilitation exercise 
program (Incheol Jeong et al., 2021), resistance training (Andreu-Car-
avaca et al., 2022), and qigong (Buttolph et al., 2021), while eleven 
studies delivered multicomponent exercise interventions: aerobic, 
resistance, and balance training (Cakit et al., 2010; Carter et al., 2014, 
2013; Learmonth et al., 2012; Paul et al., 2014), aerobic and resistance 
training (Correale et al., 2021; Mokhtarzade et al., 2021; Romberg et al., 
2005), balance, resistance training, and flexibility (McAuley et al., 
2015), balance and arm and core stability exercises (Ozdogar et al., 
2020), aerobic and Pilates (Ozkul et al., 2020). Sensitivity analyses by 
intervention type showed positive effects of both aerobic (d = 0.778; 95 
% CI 0.213, 1.343; 332 participants, 10 studies; I2 = 87 %, Tau2 = 0.67, 
Q = 70.797; supplementary material S2, Fig.7) and combined aerobic 
and progressive resistance training (d = 0.338; 95 % CI 0.130, 0.547; 
378 participants, 7 studies; I2 = 0 %, Tau2 = 0.00, Q = 5.649; supple-
mentary material S2, Fig. 9). 

3.2.2. Subjective well-being 
Exercise improved subjective well-being (d = 0.666; 95 % CI 0.405, 

0.928; 95 % PI − 0.577, 1.910; 1081 participants, 28 RCTs; I2 = 76 %, 
Tau2 = 0.348, Q = 111.867; moderate certainty evidence; Fig. 3A). Eight 
studies (Ahmadi et al., 2010; Bahmani et al., 2022; Hebert et al., 2011; 
Heinrich et al., 2021; Langeskov-Christensen et al., 2021a; Oken et al., 
2004; Petajan et al., 1996; Schulz et al., 2004) delivered an aerobic 
intervention, three studies an aquatic exercise intervention (Kargarfard 
et al., 2012; Razazian et al., 2016; Sutherland et al., 2001) and a balance 

Fig. 2. Forest plot of the effects of exercise on overall well-being.  
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exercise intervention (Escudero-Uribe et al., 2017; Thomas et al., 2017; 
Tollár et al., 2020), two studies (Fleming et al., 2021; Najafi et al., 2023) 
Pilates, one study qigong (Buttolph et al., 2021) and a telerehabilitation 
exercise program (Incheol Jeong et al., 2021), while ten studies deliv-
ered multicomponent exercise interventions: aerobic, resistance 
training, and balance (Cakit et al., 2010; Carter et al., 2014; Learmonth 
et al., 2012; Paul et al., 2014), aerobic and resistance training (Correale 
et al., 2021; Mokhtarzade et al., 2021; Romberg et al., 2005), aerobic 
and Pilates (Ozkul et al., 2020), balance and arm and core stability ex-
ercises (Ozdogar et al., 2020), and resistance training, flexibility, and 
balance (McAuley et al., 2015). 

3.2.3. Psychological well-being 
Only two studies measured psychological well-being. Andreu-Car-

avaca et al. (2022) observed a statistically significant group x time 
interaction for general physical self-perception (p = .030) after a 
10-week fast-velocity concentric resistance training. Thomas et al. 
(2017) did not observe statistically significant differences in the MS 
Self-efficacy Scale and the Spinal Cord Injury Self-Efficacy Scale after a 
home-based balance intervention with Nintendo Wii. 

3.2.4. Social well-being 
Exercise improved social well-being (d = 1.046; 95 % CI 0.569, 

1.523; 95 %PI − 1.054, 3.145; 863 participants, 18 RCTs; I2 = 91 %, Tau2 

= 0.96, Q = 180.386; low certainty evidence; Fig. 3B). Seven studies 

Fig. 3. Forest plot of the effects of exercise on subjective well-being (A) and social well-being (B).  
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(Ahmadi et al., 2010; Bahmani et al., 2022; Heine et al., 2017; Lange-
skov-Christensen et al., 2021a; Oken et al., 2004; Petajan et al., 1996; 
Schulz et al., 2004) delivered an aerobic intervention, three studies 
(Kargarfard et al., 2012; Kooshiar et al., 2015; Sutherland et al., 2001) 
an aquatic exercise intervention, two studies an aerobic, resistance 
training, and balance multimodal intervention (Cakit et al., 2010; Carter 
et al., 2014), and a balance exercise intervention (Escudero-Uribe et al., 
2017; Hebert et al., 2018), one study an aerobic and resistance training 
combined intervention (Romberg et al., 2005), Pilates (Fleming et al., 
2021), an aerobic and Pilates combined intervention (Ozkul et al., 
2020), and a telerehabilitation exercise program (Incheol Jeong et al., 
2021). 

3.2.5. Health-related quality of life 
Exercise improved HRQoL (d = 0.568; 95 % CI 0.396, 0.740; 95 % PI 

− 0.292, 1.428; 1580 participants, 39 studies; I2 = 62 %, Tau2 = 0.415, Q 
= 100.400; low certainty evidence; Fig. 4). Nine studies (Ahmadi et al., 
2010; Bahmani et al., 2022; Feys et al., 2016; Heinrich et al., 2021; 
Langeskov-Christensen et al., 2021b; Mokhtarzade et al., 2017; Oken 
et al., 2004; Petajan et al., 1996; Schulz et al., 2004) delivered an aer-
obic intervention, six studies (Escudero-Uribe et al., 2017; Hebert et al., 
2018; Prosperini et al., 2013; Thomas et al., 2017; Tollár et al., 2020; 
Yazgan et al., 2020) a balance exercise intervention, four studies (Kar-
garfard et al., 2012; Kooshiar et al., 2015; Razazian et al., 2016; 
Sutherland et al., 2001) an aquatic exercise intervention, two studies 
(Dalgas et al., 2010; Dodd et al., 2011) a resistance training interven-
tion, one study a multicomponent individualized home exercise pro-
gram (Toomey and Coote, 2017), a telerehabilitation exercise program 
(Incheol Jeong et al., 2021), qigong (Buttolph et al., 2021), and Pilates 
(Najafi et al., 2023), while 13 studies delivered multicomponent 

interventions: aerobic, resistance training, and balance (Cakit et al., 
2010; Carter et al., 2014, 2013; Learmonth et al., 2012; Paul et al., 
2014), aerobic and resistance training (Correale et al., 2021; Romberg 
et al., 2005), resistance training, flexibility, and balance (McAuley et al., 
2015; Tarakci et al., 2013), balance, resistance training, and functional 
training (Louie et al., 2021), gait, balance, and functional training (Gunn 
et al., 2021), balance and arm and core stability exercises (Ozdogar 
et al., 2020), and aerobic and Pilates (Ozkul et al., 2020). Sensitivity 
analyses showed that aerobic training improved HRQoL (d = 1.389; 95 
% CI 0.696, 2.083; 325 participants, 9 studies; I2 = 88 %, Tau2 = 0.941, 
Q = 67.500; supplementary material S2, Fig. 8), while the effects of 
combined aerobic and resistance training program are uncertain (d =
0.529; 95 % CI − 0.176, 1.234; 343 participants, 7 studies; I2 = 89 %, 
Tau2 = 0.78, Q = 52.231; supplementary material S2, Fig.10). 

3.3. Adverse events 

3.3.1. Serious adverse events 
Fifteen studies (Andreu-Caravaca et al., 2022; Bahmani et al., 2022; 

Carter et al., 2014, 2013; Dodd et al., 2011; Escudero-Uribe et al., 2017; 
Fleming et al., 2021; Grubic Kezele et al., 2021; Hebert et al., 2011; 
Kargarfard et al., 2012; McAuley et al., 2015; Ozkul et al., 2020; Tarakci 
et al., 2013; Thomas et al., 2017; Tollár et al., 2020) stated that no SAEs 
were recorded. Seven studies (Cakit et al., 2010; Gunn et al., 2021; 
Hebert et al., 2018; Langeskov-Christensen et al., 2021a, 2021b; Louie 
et al., 2021; Petajan et al., 1996) from six RCTs reported SAEs in both the 
intervention and control group; therefore, six RCTs could be pooled in 
the meta-analysis. The effects of exercise on the total number of SAEs are 
uncertain (IRR = 0.957, 95 % CI 0.470, 1.948, 329 participants, 6 
studies, I2 = 0 %, Tau2 = 0.000, Q = 4.528; low certainty evidence; 

Fig. 4. Forest plot of the effects of exercise on HRQoL.  

L. Beratto et al.                                                                                                                                                                                                                                  



Multiple Sclerosis and Related Disorders 83 (2024) 105473

8

supplementary material S4, Fig. 19). All the SAEs reported by Cakit et al. 
(2010), Hebert et al. (2018), and Petajan et al. (1996) were MS relapses, 
and the authors did not specify whether they were related to the inter-
vention, while Gunn et al. (2021), Langeskov-Christensen et al. (2021a, 
2021b), and Louie et al. (2021) stated that all the SAEs were not 
attributable to the intervention. Twenty-six other RCTs reported on 
SAEs. Heine et al. (2017) observed an odd ratio of reporting a relapse 
corrected for disease severity of 0.277 (95 % CI 0.097, 0.787; p = .016) 
in favor of aerobic training. Mokhtarzade et al. (2017) reported one 
relapse in the intervention group, Mokhtarzade et al. (2021) two re-
lapses in the control group, and Straudi et al. (2022) reported one 
relapse in each group. Heinrich et al. (2021) reported two 
non-intervention-related SAEs in the intervention group (a participant 
sustained a lower leg fracture and one other developed pyelonephritis). 
Prosperini et al. (2013) stated that 70 % of the participants reported at 
least one adverse event, five of which, deemed moderate and mild, 
attributable to the intervention, while a 54-year-old female with an 
EDSS score of 5.0 assigned to the control group experienced a motor 
relapse. Four studies reported on adverse events across groups. Feys 
et al. (2016) reported a relapse-related hospitalization, Oken et al. 
(2004) reported six adverse events (three surgeries, two MS exacerba-
tions, one low back pain related to a car accident) unrelated to the 
intervention, Paul et al. (2014) an elbow fracture, an hospital admission 
due to infection, and breast cancer diagnosis unrelated to intervention, 
and Yazgan et al. (2020) reported one exacerbation among 42 
participants. 

3.3.2. Non-serious adverse events 
Eight studies (Buttolph et al., 2021; Dodd et al., 2011; Feys et al., 

2016; Hebert et al., 2011; Heinrich et al., 2021; Langeskov-Christensen 
et al., 2021; Mokhtarzade et al., 2021; Thomas et al., 2017) reported 
some non-SAEs. Buttolph et al. (2021) stated that two participants re-
ported back pain, and one participant developed spasticity. Dodd et al. 
(2011) stated that 25 of 36 participants in the intervention group re-
ported muscle soreness that was resolved in a few days. Feys et al. 
(2016) reported that two participants sustained strain injuries of the 
ankle and one calf muscle strain, while one other participant experi-
enced hip and groin pain. Hebert et al. (2011) reported that one 
participant sustained an ankle sprain, that did not require medical care 
and did not interfere with participation in the study, while Heinrich 
et al. (2021) stated than one patient reported neck and shoulder pain. 
Langeskov-Christensen et al. (2021a) and Langeskov-Christensen et al. 
(2021b) reported one participant with back pain and a case of a bladder 
dysfunction in the control group. Mokhtarzade et al. (2021) stated that 
some contusions were reported at the beginning of the exercise program, 
especially the first week, while Thomas et al. (2017) reported 11 
non-SAEs, which included five falls or near falls, pain in leg, pain in 
back, aggravation of existing scar tissue, discomfort in hand, exacerba-
tion of a pre-existing knee injury, and toe contusion on balance board. 

3.4. Retention and adherence 

The average (± SD) retention rates were 88.21 % ± 11.00 % for the 
intervention groups and 88.79 % ± 16.86 % for the control groups. 
Twenty-three studies (Buttolph et al., 2021; Cakit et al., 2010; Carter 
et al., 2014, 2013; Correale et al., 2021; Dalgas et al., 2010; Dodd et al., 
2011; Escudero-Uribe et al., 2017; Feys et al., 2016; Grubic Kezele et al., 
2021; Hebert et al., 2018; Heine et al., 2017; Heinrich et al., 2021; 
Langeskov-Christensen et al., 2021a, 2021b; Learmonth et al., 2012; 
Louie et al., 2021; Mokhtarzade et al., 2021; Oken et al., 2004; Ozkul 
et al., 2020; Petajan et al., 1996; Prosperini et al., 2013; Straudi et al., 
2022; Sutherland et al., 2001; Tollár et al., 2020) from 22 RCTs reported 
on adherence. The average adherence was 85.48 % ± 11.95 %; the 
adherence to supervised interventions was 89.80 % ± 8.84 % (n = 11), 
90.75 % ± 3.95 % to unsupervised interventions (n = 3), and 83.60 % ±
8.52 % to interventions that combined a supervised and an unsupervised 

component (n = 5). Buttolph et al. (2021) reported that 100 % of the 
participants at least 50 % of the classes, and 50 % at least 70 % of the 
classes. Heinrich et al. (2021) reported that participants attended 67 ±
26.4 training sessions. Oken et al. (2004) reported an adherence of 65 % 
to the weekly classes and of 45 % to the home exercise program. Straudi 
et al. (2022) reported an adherence of 62 % to a home-based task-or-
iented circuit training program following a 2-week supervised program. 

3.5. Risk of bias 

Forty-two of the 49 included studies presented some concerns for at 
least one domain. The risk of bias summary across studies is reported in 
Fig. 5, and the risk of bias for each domain for the individual studies is 
presented in the supplementary material (supplementary material S4, 
Fig. 20). The visual inspection of funnel plot did not show evidence of 
publication bias (supplementary material S4, Fig. 21–24). 

4. Discussion 

Exercise can improve overall well-being, in particular subjective 
well-being and social well-being, and health-related quality of life in 
PwMS. The effects on psychological well-being and on the rate of 
adverse events are uncertain; however, 15 studies reported that no SAEs 
occurred during the interventions. The results of our sensitivity analyses 
support the use of aerobic training as a strategy for improving mental 
health and HRQoL in PwMS, and combined aerobic and resistance 
training programs showed positive effects on mental health. We detec-
ted moderate certainty evidence that exercise improve overall well- 
being, subjective well-being and HRQoL, and the low certainty evi-
dence with regard to social well-being and SAEs suggest authors adopt 
more rigorous methodologies to minimize the potential for bias. Finally, 
more studies in PwMS with ≥ 65 years of age and/or with a higher level 
of impairments are needed before making final inferences on the effec-
tiveness and safety of exercise in such subgroups. 

We reported medium-to-large effects sizes on the effect of exercise to 
improve overall well-being, subjective well-being, and HRQoL, and a 
large effect size with regard to social well-being. Our results are in line 
with previous meta-analyses on the effects of exercise on QoL in PwMS 
(Alphonsus et al., 2019; Motl and Gosney, 2008), and with a systematic 
review that showed improvements of depressive symptoms after exer-
cise interventions in PwMS diagnosed with depression (Kyriakatis et al., 
2022). We decided to investigate the effects of exercise on mental health 
in PwMS without restricting our analysis to those diagnosed with 
depression, as mood disorders are often undiagnosed, especially in pri-
mary care (Cepoiu et al., 2008; Mitchell et al., 2009). Moreover, in 
accordance with Diener’s definition of subjective well-being, which 
encompasses emotions, affects, happiness, and satisfaction with life, we 
expanded our analysis beyond depression and anxiety, and included any 
validated outcome measures that assessed constructs of subjective 
well-being in line with Diener’s theorization. Furthermore, PwMS can 
experience limitations and restrictions in terms of interpersonal re-
lationships, community life, and recreation and leisure activities(Coe-
nen et al., 2011); therefore, we assessed the effect of exercise on 
constructs of social well-being, to assess the potential of exercise at 
improving social participation and interactions in PwMS. Only two 
studies reported on psychological well-being, and the results were 
conflicting. A meta-analysis in people with spinal cord injury (Ponzano 
et al., review) showed a medium effect size on the effect of exercise on 
psychological well-being; therefore, more studies in PwMS should 
explore the impact that exercise may have on psychological well-being, 
as constructs such as self-esteem and self-efficacy are related to HRQoL 
(Barbalat et al., 2022; Peters et al., 2019; Yazdi-Ravandi et al., 2013); 
hence, improvements in psychological well-being may lead to better 
HRQoL. Many definitions of HRQoL have been proposed over the years, 
and no consensus upon a comprehensive definition has been reached. 
Exercise and physical activity studies have often conceptualized HRQoL 
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Fig. 5. Review author’s judgement about each risk of bias domain presented as percentage across the included studies. NOTE. D1= bias arising from randomization 
process; D2= deviations from the intended interventions (effect of assignment to intervention); D3= deviations from the intended interventions (effect of adhering to 
intervention); D4= missing outcome data; D5= measurement of the outcome; D6= selection of reported results. 

Fig. 6. GRADE summary of findings table. CI: Confidence interval; d: Standardized difference in means; IRR: incidence rate ratio. Explanations. A. The majority of 
the studies presented some concerns or were at high risk of bias for at least one domain. B. Outcomes measures of subjective well-being, psychological well-being, and 
social well-being were pooled into a meta-analysis to determine the effect of exercise on overall well-being, and that explain the heterogeneity. Moreover, the 
substantial heterogeneity does not reduce the confidence in the recommendation of exercise to improve well-being. C. Heterogeneity is explained by different 
outcome measures and duration of interventions. D. One study (Andreu-Caravaca et al., 2022) presents some concerns for randomization process and deviation from 
intended interventions (effect of adhering to intervention). E. We could not perform a meta-analysis; results are presented as a narrative synthesis. F. Substantial 
heterogeneity (I2 = 91 %) that could not be explained by heterogeneity in interventions or outcome measures. G. All of the studies presented some concerns or were 
rated at high risk of bias for at least one domain. H. CI crosses the no-difference line. 
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as physical, subjective, and social HRQoL (Courneya and Friedenreich, 
1999; Gillison et al., 2009; Rejeski et al., 1996). In the present work, we 
used the Dijkers’ (1977) definition of HRQoL to guide the decision on 
the outcome measures to extract and pool in the meta-analyses, as we 
were interested in determining the effects of exercise on those compo-
nent of quality of life that are commonly negatively impacted by the 
symptoms of MS. In summary, the results of the present study endorse 
the role of exercise for improving aspects of mental health and HRQoL in 
PwMS. 

Our meta-analysis showed uncertainty in the effects of exercise on 
SAEs. Fifteen studies stated that no SAEs occurred, and most of the SAEs 
were relapses or deemed not related to the intervention by the authors of 
the studies. Studies in animal models and preliminary evidence in 
humans show a potential disease-modifying effect of exercise in PwMS 
(Dalgas and Stenager, 2012), but more larger scale studies are needed to 
validate this hypothesis. While we cannot substantiate such theory due 
to the low number of studies that we could include in the meta-analysis, 
we can assert that exercise can be a safe tool to promote mental health 
and HRQoL in PwMS. We observed similar retention rates between 
intervention and control groups, in line with findings from a 
meta-analysis of exercise interventions in people with multimorbidity 
(Harris et al., 2021). The overall adherence to interventions was high 
and comparable between supervised and unsupervised interventions. A 
meta-analysis of high-intensity interval training (HIIT) and moderate 
intensity continuous training (MICT) observed a greater adherence to 
supervised programs compared to unsupervised interventions (Santos 
et al., press). This difference can be explained by the very small number 
of studies that reported on the adherence to unsupervised interventions 
and by the different types of interventions of the studies in our review. 

The high number of included studies is a major strength of the pre-
sent work. We were able to provide a compelling synthesis of the evi-
dence on the benefits of exercise on overall well-being and HRQoL, as 
well as on constructs of well-being that can be of importance to people 
with physical disabilities (i.e., subjective well-being and social well- 
being). Furthermore, many studies reported on SAEs and non-SAEs, 
thus allowing us to make inferences on the safety of exercise in addi-
tion to its effectiveness. We also acknowledge some limitations to our 
work. First, we could not perform a meta-analysis to determine the effect 
of exercise on psychological well-being due to the lower number of 
studies, hence the effect of exercise on psychological well-being in 
PwMS is still to be determined. Furthermore, the mean age was < 65 
years in every study, and the majority of the studies were performed in 
adults with a mild-to-moderate level of disability; therefore, caution is 
recommended when generalizing the findings of this review to older 
adults or people with a more severe disability. Finally, we observed low 
certainty evidence with regard to social well-being and SAEs, mainly 
because of risk of bias and heterogeneity. Most of the studies did not 
provide adequate details on their randomization process, did not 
perform intention-to-treat analysis (ITT), or did not report on adher-
ence. Performing ITT is relevant at a health-policy level, as it results in 
an effect size that is not affected by unmeasured prognostic factors, and 
thus provides insights on the implementation of the intervention in a 
specific population, while measuring and reporting on adherence pro-
vides information on the efficacy or effectiveness of the intervention if 
implemented as intended (Higgins et al., 2022). 

Our work provides some important implications for both clinical 
practice and research. Exercise can be an effective and safe tool to 
improve mental health and HRQoL in PwMS. Exercise programs 
including an aerobic component, alone or combined with resistance 
training, should be implemented in the MS population, and individuals 
living with MS should be referred to a physiotherapist or to an exercise 
physiologist to receive a tailored exercise program. Future research 
should investigate whether the effect of exercise on psychosocial out-
comes is different in people with relapsing-remitting MS compared to 
those with progressive forms of MS. Indeed, recent evidence suggest a 
possible synergistic effect of aerobic exercise on motor, cognitive and 

psychosocial domains in the course of relapsing-remitting MS (Feinstein 
et al., 2023). However, it remains unclear whether clinically meaningful 
improvements can be achieved in those with progressive MS. The studies 
included in the present review were performed in lower-middle-, 
upper-middle-, and high-income countries, and the most studies were 
conducted in a lower-middle-income country (Iran, n = 8). Such a di-
versity allows the generalizability of our findings to PwMS of different 
race, income, and socioeconomic status, thus supporting the imple-
mentation of exercise for improving mental health and HRQoL in a wide 
array of MS populations. Future research studies should target in-
dividuals 65 years or older and people with higher levels of impair-
ments, as well as focus on exploring the effects of exercise on 
psychological well-being. We recommend authors adopt rigorous 
methodologies, for example perform both ITT and per-protocol analysis, 
utilize proper techniques to generate and conceal the allocation 
sequence, and monitor and report adherence. 

5. Conclusion 

Exercise can be an effective and safe strategy to improve subjective 
well-being, social well-being, and HRQoL in PwMS. Exercise in-
terventions, especially aerobic or combined aerobic and resistance 
training, should be implemented in clinical practice to promote mental 
health and HRQoL in PwMS. Future research should determine the ef-
fects of exercise on psychological well-being and target individuals ≥ 65 
years or with higher levels of impairments, as well as investigate 
whether the effects of exercise on mental health and HRQoL are different 
between people with relapsing-remitting MS and those with progressive 
forms of MS. 
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McAuley, E., Wójcicki, T.R., Learmonth, Y.C., Roberts, S.A., Hubbard, E.A., Kinnett- 
Hopkins, D., Fanning, J., Motl, R.W., 2015. Effects of a DVD-delivered exercise 
intervention on physical function in older adults with multiple sclerosis: a pilot 
randomized controlled trial. Mult. Scler. J. Exp. Transl. Clin. 1 https://doi.org/ 
10.1177/2055217315584838, 2055217315584838.  

McDowell, C.P., Dishman, R.K., Hallgren, M., MacDonncha, C., Herring, M.P., 2018. 
Associations of physical activity and depression: results from the irish longitudinal 
study on ageing. Exp. Gerontol. 112, 68–75. https://doi.org/10.1016/j. 
exger.2018.09.004. 

Mitchell, A.J., Vaze, A., Rao, S., 2009. Clinical diagnosis of depression in primary care: a 
meta-analysis. Lancet 374 (9690), 609–619. https://doi.org/10.1016/S0140-6736 
(09)60879-5. 

Mokhtarzade, M., Molanouri Shamsi, M., Abolhasani, M., Bakhshi, B., Sahraian, M.A., 
Quinn, L.S., Negaresh, R, 2021. Home-based exercise training influences gut 
bacterial levels in multiple sclerosis. Complement. Ther. Clin. Pract. 45, 101463 
https://doi.org/10.1016/j.ctcp.2021.101463. 

Mokhtarzade, M., Ranjbar, R., Majdinasab, N., Patel, D., Molanouri Shamsi, M., 2017. 
Effect of aerobic interval training on serum IL-10, TNFα, and adipokines levels in 
women with multiple sclerosis: possible relations with fatigue and quality of life. 
Endocrine 57 (2), 262–271. https://doi.org/10.1007/s12020-017-1337-y. 

Motl, R.W., Gosney, J.L., 2008. Effect of exercise training on quality of life in multiple 
sclerosis: a meta-analysis. Mult. Scler. J. 14 (1), 129–135. https://doi.org/10.1177/ 
1352458507080464. 

Multiple Sclerosis International Federation. (2016). Global MS employment report. https 
://www.msif.org/about-us/who-we-are-and-what-we-do/advocacy/employment- 
and-ms/. 

Najafi, P., Hadizadeh, M., Cheong, J.P.G., Mohafez, H., Abdullah, S., Poursadeghfard, M., 
2023. Effects of tele-pilates and tele-yoga on biochemicals, physical, and 
psychological parameters of females with multiple sclerosis. J. Clin. Med. 12 (4) 
https://doi.org/10.3390/jcm12041585. EBM Reviews - Cochrane Central Register of 
Controlled Trials.  

Negahban, H., Rezaie, S., Goharpey, S., 2013. Massage therapy and exercise therapy in 
patients with multiple sclerosis: a randomized controlled pilot study. Clin. Rehabil. 
27 (12), 1126–1136. https://doi.org/10.1177/0269215513491586. 

Oken, B.S., Kishiyama, S., Zajdel, D., Bourdette, D., Carlsen, J., Haas, M., Hugos, C., 
Kraemer, D.F., Lawrence, J., Mass, M., 2004. Randomized controlled trial of yoga 

and exercise in multiple sclerosis. Neurology 62 (11), 2058–2064. https://doi.org/ 
10.1212/01.wnl.0000129534.88602.5c. 

O’Neill, J., Tabish, H., Welch, V., Petticrew, M., Pottie, K., Clarke, M., Evans, T., Pardo 
Pardo, J., Waters, E., White, H., Tugwell, P., 2014. Applying an equity lens to 
interventions: using PROGRESS ensures consideration of socially stratifying factors 
to illuminate inequities in health. J. Clin. Epidemiol. 67 (1), 56–64. 

Ozdogar, A.T., Ertekin, O., Kahraman, T., Yigit, P., Ozakbas, S., 2020. Effect of video- 
based exergaming on arm and cognitive function in persons with multiple sclerosis: a 
randomized controlled trial. Mult. Scler. Relat. Disord. 40, 101966 https://doi.org/ 
10.1016/j.msard.2020.101966. 

Ozkul, C., Guclu-Gunduz, A., Eldemir, K., Apaydin, Y., Yazici, G., Irkec, C., 2020. 
Combined exercise training improves cognitive functions in multiple sclerosis 
patients with cognitive impairment: a single-blinded randomized controlled trial. 
Mult. Scler. Relat. Disord. 45, 102419 https://doi.org/10.1016/j. 
msard.2020.102419. 

Paffenbarger, R.S., Lee, I.M., Leung, R., 1994. Physical activity and personal 
characteristics associated with depression and suicide in American college men. Acta 
Psychiatr. Scand. Suppl. 377, 16–22. https://doi.org/10.1111/j.1600-0447.1994. 
tb05796.x. 

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D., 
Shamseer, L., Tetzlaff, J.M., Akl, E.A., Brennan, S.E., Chou, R., Glanville, J., 
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