
 

UWS Academic Portal

Effects of exercise training on cytokines and adipokines in multiple sclerosis

Negaresh, Raoof ; Motl, Robert W.; Mokhtarzade, Motahare ; Dalgas, Ulrik ; Patel, Darpan;
Shamsi, Mehdieh Molanouri ; Majdinasab, Nastaran; Ranjbar, Rouholah ; Zimmer, Philipp;
Baker, Julien
Published in:
Multiple Sclerosis and Related Disorders

DOI:
10.1016/j.msard.2018.06.008

Published: 01/08/2018

Document Version
Peer reviewed version

Link to publication on the UWS Academic Portal

Citation for published version (APA):
Negaresh, R., Motl, R. W., Mokhtarzade, M., Dalgas, U., Patel, D., Shamsi, M. M., Majdinasab, N., Ranjbar, R.,
Zimmer, P., & Baker, J. (2018). Effects of exercise training on cytokines and adipokines in multiple sclerosis: a
systematic review. Multiple Sclerosis and Related Disorders , 24, 91-100.
https://doi.org/10.1016/j.msard.2018.06.008

General rights
Copyright and moral rights for the publications made accessible in the UWS Academic Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.

Take down policy
If you believe that this document breaches copyright please contact pure@uws.ac.uk providing details, and we will remove access to the
work immediately and investigate your claim.

Download date: 23 May 2023

https://doi.org/10.1016/j.msard.2018.06.008
https://uws.pure.elsevier.com/en/publications/6d77136e-bbdd-49ff-b091-1d60f6532ac4
https://doi.org/10.1016/j.msard.2018.06.008


 

Accepted Manuscript

Effects of Exercise Training on Cytokines and Adipokines in Multiple
Sclerosis: A Systematic Review

Raoof Negaresh , Robert W. Motl , Motahare Mokhtarzade ,
Ulrik Dalgas , Darpan Patel , Mehdieh Molanouri Shamsi ,
Nastaran Majdinasab , Rouholah Ranjbar , Philipp Zimmer ,
Julien S. Baker

PII: S2211-0348(18)30185-8
DOI: 10.1016/j.msard.2018.06.008
Reference: MSARD 863

To appear in: Multiple Sclerosis and Related Disorders

Received date: 21 March 2018
Revised date: 12 May 2018
Accepted date: 13 June 2018

Please cite this article as: Raoof Negaresh , Robert W. Motl , Motahare Mokhtarzade , Ulrik Dalgas ,
Darpan Patel , Mehdieh Molanouri Shamsi , Nastaran Majdinasab , Rouholah Ranjbar ,
Philipp Zimmer , Julien S. Baker , Effects of Exercise Training on Cytokines and Adipokines in
Multiple Sclerosis: A Systematic Review, Multiple Sclerosis and Related Disorders (2018), doi:
10.1016/j.msard.2018.06.008

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and
all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.msard.2018.06.008
https://doi.org/10.1016/j.msard.2018.06.008


ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

1 
 

 

HIGHLIGHTS 

 Only 12 studies was found of which 10 studies focused on cytokines, 1 study focused on adipokines, and 1 study 

included both cytokines and adipokines.  

 There is no strong evidence that confirms a positive or negative effect of exercise on cytokine or adipokine in MS 

patients, yet this research in plagued by methodological weaknesses. 

 In relation to cytokines or adipokines, no studies reported harmful effects of exercise 

 Regular physical activity did not lead to an increase in pro-inflammatory cytokines or adipokines as well as disease 

severity.  
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Abstract 

Background: Physical activity, particularly exercise training, is an evidence-based approach for managing symptoms, 

restoring function and improving overall wellness in people with multiple sclerosis (MS). Several recent studies have 
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argued for a potential disease modifying effect of exercise in people with MS, and among the potential mediating 

mechanisms are exercise training effects on both cytokines and adipokines.  The objectives of this study were to perform a 

systematic review of exercise training effects on cytokine and adipokine profiles in persons with MS.  

Methods: We conducted open-dated searches of PubMed, Cochrane Library, EMBASE and PEDro using the terms 

‘Multiple sclerosis’ or ‘MS’ AND ‘exercise’ OR ‘training’ OR ‘physical activity’ AND ‘cytokine’ OR ‘inflammatory’ OR 

‘immune’ OR ‘adipokine’. Included studies were written in English; comprised of humans with MS, and evaluated the 

effects of regular physical activity or exercise on pro-inflammatory, anti-inflammatory cytokines or adipokines. Two 

authors independently scanned titles and abstracts, and read the studies included. All studies were rated on the PEDro scale 

and further classified based on American Academy of Neurology criteria.  

Results: Twelve studies were included of which 10 studies focused on cytokines, 1 study focused on adipokines, and 1 

study included both cytokines and adipokines. The selected studies included 3 Class I studies, 7 Class II studies, and 2 Class 

IV studies and had average PEDro scores of 6.9±1.6. Studies included endurance (n=5), resistance (n=3), combined (n=3), 

and vibration (n=1) training. Overall, there is a general lack of standardization of procedures across studies and inconsistent 

evidence for the effects of physical activity and exercise on cytokine and adipokine profiles in MS, with a general pattern 

indicating a lack of effect.  

Conclusion: Research regarding the effects of exercise training on cytokines and adipokines in MS is in its infancy, but 

exercise represents an adjuvant therapy in MS, and future studies are essential for clarifying the role of exercise on 

cytokines and adipokines in MS. 

Key words: Exercise; Multiple sclerosis; Cytokine; Adipokine; Demyelination 

 

 

 

 

Abbreviations 

MS = Multiple sclerosis 

Th = T helper 

IL = Interleukin 
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TNF-α = Tumor Necrosis Factor alpha 

CNS: Central Nervous System 

MeSH: Medical Subject Headings 

RCT = Randomized control Trial 

PEDro = Physiotherapy Evidence Database 

AAN = American Academy of Neurology 

RRMS = Relapsing-Remitting Multiple Sclerosis 

IFN-γ = Interferon gamma 

Vo2max = maximum Rate of Oxygen 

Vo2peak = Peak rate of Oxygen 

1RM = One-repetition Maximum 

EDSS = Expanded Disability Status Scale 

MVC = Maximum Voluntary Contraction 

BDNF = Brain-Derived Neurotrophic Factor 

NGF = Nerve Growth Factor 

CRP = C-Reaction Protein 

TGF-β = Transforming growth factor beta. 

 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

5 
 

 

1. Introduction 

 

There is increasing emphasis on the importance of regular physical activity, particularly exercise training, among people with multiple sclerosis (MS). The evidence 

base has resulted in recommendations that exercise training can be incorporated in the comprehensive care of persons with MS for managing many health and wellness 

aspects of this disease (Herring et al., 2017; Latimer-Cheung et al., 2013; Motl and Pilutti, 2012; Platta et al., 2016). There is further speculation that exercise training 

may have disease modifying effects for persons with MS (Motl and Pilutti, 2012; Zimmer et al., 2017), and this is largely based on initial evidence for exercise training 

effects on relapses, brain atrophy and disability progression. Researchers recently suggested a renewed focus regarding the effects of exercise training on cytokines and 

adipokines based, in part, on the potential for MS disease modification (Alvarenga-Filho et al., 2016; Bansi et al., 2013; Briken et al., 2016; Kjølhede et al., 2016; 

Mokhtarzade et al., 2017). This renewed focus is further based on evidence for exercise training effects on markers of immune system function in the general 

populations of adults (Gjevestad et al., 2015; Gondim et al., 2015).  

Cytokines are an essential part of the pathophysiology of MS (Patel and White, 2013). Cytokines are proteins secreted from different tissues and influence the 

reproduction, differentiation, proliferation and function of immune cells (Alexander, 2002). There is a balance between T helper cytokines in healthy persons, whereas in 

MS this balance shifts and reflects increased Th1 pro-inflammatory cytokines resulting in increases in cytokines such as interleukin (IL)-1, IL-6 and tumor necrosis 

factor (TNF-α). On the other hand, secretion of Th2 anti-inflammatory cytokines, such as IL-10, is decreased in MS and this can intensify the destruction of myelin and 

prevent remyelination (Turner et al., 2009). The higher concentration of most pro-inflammatory cytokines is associated with CNS inflammation that is observed in MS 

pathogenesis and can intensify demyelination processes in the CNS (Lovett-Racke et al., 2004; Patel and White, 2013). Consequently, regulation of the balance between 

Th1 and Th2 cytokines, and the reduction of inflammation, is accompanied with the control and improvement of MS pathogenic processes involving axonal 

demyelination and transection (Cannella and Raine, 2004; Lovett-Racke et al., 2004; Sospedra and Martin, 2005; Turner et al., 2009). 
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The induction of inflammation by the immune system is linked with many factors. One of these factors is adipose tissue and associated cytokine production by 

adipokines (Ebrahimi et al., 2015; Mokhtarzade et al., 2017), and there is strong evidence that adipokines are involved in the immune pathophysiology of MS (Kraszula 

et al., 2012; Procaccini et al., 2017; Rotondi et al., 2013). For instance, leptin (as one adipokine) is involved in neurodegenerative and inflammatory processes associated 

with MS (Rotondi et al., 2013). Previously, studies have verified the role of adipokines on body energy balance and regulation of food intake and body weight, and the 

important role of leptin in the immunological function via regulation of Th1/Th2 balance are well known (Farrokhi et al., 2016). Cytokines and adipokines closely 

interact with each other in the immune pathophysiology of MS, and this underscores the importance of monitoring both cytokines and adipokines especially in the 

immune system of MS. 

Disease modifying drugs represent the first line of treatment for MS. These drugs, however, do not provide complete control over the cytokine or adipokine profiles 

in MS (Mokhtarzade et al., 2017; Motl et al., 2017). This is important as it highlights the important consideration of other approaches for managing the balance of 

cytokines or adipokines in MS, including exercise training. Indeed, we are aware of three papers that have advocated exercise as a possible disease modifying therapy in 

MS (Dalgas and Stenager, 2012; Heesen et al., 2006; Majdinasab et al., 2018; Motl et al., 2015) and noted that this may occur through modification of the immune 

system in persons with MS.  

Several mechanisms may mediate the effect of exercise on cytokines, most of which involve the reduction in fat mass subsequently decreasing adipokine secretion 

and induction of an anti-inflammatory environment through releasing cytokines from contracting skeletal muscle and reduction expression of Toll-like receptors (TLR) 

on monocytes and macrophages (Gleeson et al., 2011). In general, the concept that exercise independently of weight loss or other interventions can affect cytokines and 

adipokines is well accepted. Furthermore, there is comprehensive evidence on the role of exercise and physical activity as an anti-inflammatory intervention for 

modulating cytokines in non-MS subjects (Gleeson et al., 2011; Smart and Steele, 2011). For instance, previous systematic review (Smart and Steele, 2011) that 

investigated acute and chronic effect of exercise on inflammatory markers such as cytokines in people with a chronic inflammatory disease reported that levels of 
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inflammatory markers, such as IL-6 acutely increased after exercise and remained elevated longer into the recovery period; Moreover, chronic endurance training can 

reduce systemic inflammation, especially pro-inflammatory cytokines, in people with type II diabetes and chronic heart failure. 

To date, there is no comprehensive systematic review regarding the effect of regular physical activity on cytokine and adipokine expression in MS. We 

systematically reviewed human randomized control trials (RCTs) and non-RCTs (i.e., clinical trials without a control condition) published before October 2017 that 

included persons with MS, and examined the effect of exercise training on cytokines and adipokines and provided guidance on future research in this largely neglected 

area of the biochemical mechanisms that may explain exercise effects in MS.  

 

2. Materials and methods 

 

This review is based on a systematic literature search of 4 electronic databases (PubMed, Cochrane Library, EMBASE, and PEDro) to identify studies that 

investigated the effect of regular physical activity on cytokines and adipokines in MS, published until October 2017. Physical activity was defined as bodily movement 

produced by muscle activity that requires more energy than resting, whereas exercise is a subset of physical activity that is planned, structured, and repetitive and has an 

objective of improving or maintaining physical fitness (Caspersen et al., 1985) (See Box1).  

The Medical Subject Heading (MeSH) terms guiding the search included (‘Multiple sclerosis’ or ‘MS’) AND (‘exercise’ OR ‘training’ OR ‘physical activity’) 

AND (‘cytokine’ OR ‘inflammatory’ OR ‘immune’ OR ‘Adipokine’). This search strategy identified 142 published articles (Figure 1). Two reviewers independently 

screened each article based on titles, keywords and abstracts to ensure all articles were captured. Inclusion criteria were: English language, access to full texts, studying 

the effects of regular physical activity in MS patients (RCT or other clinical trial), studying pro-inflammatory and anti-inflammatory cytokines or adipokines. If a study 

used other interventions such as medicines or supplements in addition to physical activity, we excluded them from this review. After the omission of duplicate studies, 
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12 studies were included in the review. Studies included and excluded were reviewed separately by two researchers. The reviewed papers were then examined based on 

methodological quality and classified based on individual levels of evidence. 

 

2.1. Methodological quality 

Methodological quality of studies was evaluated using the original 11-item Physiotherapy Evidence Database (PEDro) scale, which is described in detail 

elsewhere (Maher et al., 2003). The PEDro scale (Pilutti et al., 2014; Sá, 2014) characterizes the methodological quality of a study based on 11 criteria and yields a score 

between 0 to 10 (criteria 1 does not add to the score), whereby higher scores indicate superior methodological quality. Scores between 0-4 reflect low methodological 

quality, scores between 5 or 6 reflect fair methodological quality, and scores between 7-10 reflect high methodological quality (Foley et al., 2003) (for more information 

https://www.pedro.org.au/wp-content/uploads/PEDro_scale.pdf). 

 

2.2. Classification and recommendations  

Classification of studies was carried out according to the criteria provided by the American Academy of neurology (ANN). ANN classification is a standard 

published index for therapeutic studies that divides studies into four levels of evidence (supplement data table 1). After classification of reviewed studies, overall 

recommendations (based on ANN guidelines) were provided based on physical activity/exercise having a positive, neutral, or harmful effect on cytokines and adipokines 

within the four recommend Classes (see supplement data table 2) (Sandroff et al., 2016). 

 

3. Results 

 

3.1. Study characteristics 
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We located 907 studies, and 12 articles were eligible to be included in this review after examining inclusion and exclusion criteria. Ten studies focused on the 

effect of exercise training on cytokines, one study focused on the effect of exercise training on adipokines, and one study included both cytokines and adipokines as 

outcome measures (Mokhtarzade et al., 2017). The characteristics of the 12 studies regarding clinical characteristics and exercise protocol are reported in Table 2. There 

were 412 participants included in the reviewed studies; 22 of them were healthy controls and 366 of them were individuals with MS. Regarding gender, 261 (71%) 

participants were women, and the remainder were male (n=105, 29%). Two studies included only women (Golzari et al., 2010; Mokhtarzade et al., 2017), whereas both 

genders were included in 10 studies (83%) (Alvarenga-Filho et al., 2016; Briken et al., 2016; Castellano et al., 2008; Deckx et al., 2016; Ebrahimi et al., 2015; 

Kierkegaard et al., 2016; Kjølhede et al., 2016; Schulz et al., 2004; White et al., 2006). Among the 46 subjects who dropped-out of the studies, 32 cases were in the 

exercise training groups (14%) and 14 cases were in the control groups (9%). There were 2 (1%) and 5 (3%) cases excluded from both the training and control groups, 

respectively, based on the occurrence of a relapse. Participant age was between 18 and 60 years. Seven studies focused on RRMS type of MS (Alvarenga-Filho et al., 

2016; Bansi et al., 2013; Ebrahimi et al., 2015; Kierkegaard et al., 2016; Kjølhede et al., 2016; Mokhtarzade et al., 2017; White et al., 2006), whereas 2 studies included 

two types of MS (Deckx et al., 2016; Mokhtarzade et al., 2017) or did not report the type of MS (3 studies: 25%). MS diagnosis in 4 studies (Bansi et al., 2013; Deckx et 

al., 2016; Ebrahimi et al., 2015; Kjølhede et al., 2016) was based on McDonald  (McDonald et al., 2001) or revised McDonald (Polman et al., 2011) criteria; 2 studies 

(Castellano et al., 2008; Schulz et al., 2004) used Poser (Poser et al., 1983) criteria, whereas the other studies did not specify diagnostic criteria or use any other criteria 

for MS diagnosis. EDSS scores of MS subjects in these studies were between 0 and 6.5. All studies except Kierkegaard et al., 2016 and White et al., 2006 had two group 

comparisons (training vs. control group). Bansi et al., 2013 compared land versus water-based exercise. Alvarenga-Filho et al., 2016 was the only study to use a healthy 

matched control group as well as trained and untrained MS groups (see studies description in supplement materials)  

The reviewed studies used aerobic or endurance (5 studies), resistance (3 studies), combined (3 studies) and vibration (1 study) training (see table 2), but no 

studies had the same exercise training protocol. The frequency of exercise sessions was 2 or 3 sessions per week in the studies. Most studies did not report any 

progression in the session’s frequency during the training period. Intensity of exercise was moderate and high in most studies, and was designed based on heart rate, 
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maximum watts and maximal aerobic capacity. Exercise intensity was considered constant, and the applied progression of exercise intensity was not reported. The 

duration of the training protocol ranged between 3 (Bansi et al., 2013) and 24 (Kjølhede et al., 2016) weeks. 

 IL-6 and TNF-α were the most commonly assayed cytokines with IL-6 reported in 8 studies (Alvarenga-Filho et al., 2016; Bansi et al., 2013; Briken et al., 

2016; Castellano et al., 2008; Deckx et al., 2016; Kierkegaard et al., 2016; Schulz et al., 2004; White et al., 2006) and TNF-α in 7 studies (Alvarenga-Filho et al., 2016; 

Bansi et al., 2013; Castellano et al., 2008; Deckx et al., 2016; Kjølhede et al., 2016; Mokhtarzade et al., 2017; White et al., 2006). IL-10 (Alvarenga-Filho et al., 2016; 

Deckx et al., 2016; Kjølhede et al., 2016; Mokhtarzade et al., 2017; White et al., 2006) and IFN-γ (Alvarenga-Filho et al., 2016; Castellano et al., 2008; Golzari et al., 

2010; Kjølhede et al., 2016; White et al., 2006) were both included in 5 studies. Leptin was the most commonly reported adipokine in the reviewed studies (2 studies, see 

table 3). 

 

3.2. Methodological quality and study classification  

The PEDro scale described the methodological quality of studies. PEDro scores ranged between 3 and 8, and the mean PEDro scale score was 5.9 ± 1.5, 

reflecting fair methodological quality (table 1). Five studies (Briken et al., 2016; Deckx et al., 2016; Kjølhede et al., 2016; Mokhtarzade et al., 2017; Schulz et al., 2004) 

were of high quality (score 7 and above). Of the 12 studies included in the current review, 3 provided Class I evidence, 7 Class II evidence, and 2 Class IV evidence; 

there were no studies providing Class III evidence.  

 

3.3. Classification of Evidence 

 

3.3.1. Cytokines 
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Evidence from 7 of 8 studies (i.e., 1 Class I study and 6 Class II studies,) does not support the efficacy of exercise training for changing IL-6 concentration due 

to non-significant results (Alvarenga-Filho et al., 2016; Bansi et al., 2013; Briken et al., 2016; Castellano et al., 2008; Deckx et al., 2016; Schulz et al., 2004; White et 

al., 2006), however one study (Kierkegaard et al., 2016) did report a reduction. Therefore, current data on IL-6 resulted in classification B.  

Evidence from 4 of 7 studies focused on TNF-α included 1 Class I study (Kjølhede et al., 2016) and 3 Class II studies (Alvarenga-Filho et al., 2016; Bansi et al., 

2013; White et al., 2006), does not support the efficacy of regular exercise training. Evidence from 1 of 7 studies (Class II) does support the efficacy of exercise training 

for significantly increasing TNF-α levels (Castellano et al., 2008), while 2 studies including Class I (Mokhtarzade et al., 2017) and Class II (Deckx et al., 2016) report 

redaction of TNF-α level in an individual with MS. Therefore, current results classify as non-applicable, since data sets are inadequate and conflicting.  

The results of 4 of 5 studies (2 Class I and 2 Class II) do not support the efficacy of exercise training for improving IL-10 level based on non-statistically 

significant results (Alvarenga-Filho et al., 2016; Deckx et al., 2016; Kjølhede et al., 2016; Mokhtarzade et al., 2017). Moreover, 1 of 5 studies (Class IV) indicate 

efficacy of exercise training to decrease IL-10 level in MS subjects (White et al., 2006). Taken together, this resulted in classification A, since exercise training is 

ineffective in changing IL-10 levels in persons with MS.  

Evidence and results from other cytokine studies are not meaningful and do not support the efficacy of exercise training for improving the cytokine profile. 

Therefore, results from other cytokines are classified as non-applicable based on conflicting evidence, in the sense that data are inadequate or conflicted. 

 

3.3.2. Adipokines 

Only 2 studies investigated effect of exercise training on adipokines in people with MS. One of the 2 studies provided Class I evidence and indicated an effect 

of exercise training for improving leptin (Mokhtarzade et al., 2017), yet 1 Class II study (Ebrahimi et al., 2015) indicated that exercise training did not have an effect on 

leptin. Therefore, current evidence is described as non-applicable reflecting that the data are inadequate or conflicting. 
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4. Discussion 

 

There is a small corpus of research examining the effect of regular physical activity on the pathophysiology of MS with an emphasis on cytokines or 

adipokines. The present systematic review included 12 studies on the effects of exercise training on cytokine and adipokine profiles in persons with MS. This included 3 

Class I studies, 7 Class II studies, and 2 Class IV studies on cytokines, and only 1 Class I study and 1 Class II study on adipokines. Overall, most studies do not support a 

substantial impact of exercise training on cytokines and adipokines in persons with MS, but methodological flaws of the studies may bias a clear interpretation. 

However, no harmful effects of exercise modalities were noted for cytokines or adipokines, although this was not the intended purpose of the studies and the studies did 

not examine exercise effects during a relapse. 

 

4.1. Effect of exercise on Cytokines 

The cytokines that are of primary focus in MS studies include a diverse spectrum of pro-inflammatory cytokines such as IL-1, IL-2, IL-6, IL-17, IFN-γ and 

TNF-α, and anti-inflammatory cytokines such as IL-1ra, IL-4 and IL-10. The major source of most of these cytokines are immune system cells such as T cells, 

macrophages, B cells, monocytes and natural killer cells that can induce inflammatory or anti-inflammatory effects through different mechanisms (Kierkegaard et al., 

2016; Kjølhede et al., 2016).  

Though significant work has been done in the study of the cytokine changes with exercise in the general population (Gjevestad et al., 2015; Gondim et al., 

2015), the effect of exercise on cytokines remains inconclusive in MS subjects. For example, two Class IV studies (Kierkegaard et al., 2016; White et al., 2006) reported 

significant decreases in the level of IL-4 after training, whereas one Class I (plasma level) and one Class II (plasma level and production by peripheral blood 

mononuclear cell, PBMC) study (Golzari et al., 2010; Kjølhede et al., 2016) did not find any differences. This contradiction in results was observable in other cytokines, 
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and makes it difficult to surmise a definitive conclusion on the effects of regular physical activity in MS subjects; although there is no doubt about the usefulness of 

regular physical activity for MS patients particularly for improved fitness and corresponding quality of life (Herring et al., 2017; Sandroff et al., 2016). 

Among the reviewed studies, 5 studies investigated the effect of regular physical activity on IL-10. Four studies (two Class I and two Class II studies) reported 

no change for IL-10 level (Alvarenga-Filho et al., 2016; Deckx et al., 2016; Kjølhede et al., 2016; Mokhtarzade et al., 2017) and one Class IV study reported a 

significant reduction (White et al., 2006). IL-10, known as human cytokine synthesis inhibitory factor, is an anti-inflammatory cytokine associated with MS relapses. It 

should be noted that Alvarenga-Filho et al., 2016 and Deckx et al., 2016 elevated IL-10 secreation from T cells and regulatory type 1 cells, respectively, which was 

different with other studies that elevated IL-10 levels in serum and plasma. Evidence suggests that IL-10 secreted by Th2 cells down-regulates the production of pro-

inflammatory cytokines from Th1 cells (Mokhtarzade et al., 2017). Moreover, IL-10 is an important factor for monitoring the response to medication and disease 

progression. Specifically, treatment with IFN-β increases concentrations of IL-10 to protect against the pro-inflammatory cytokines such as IFN-γ and TNF-α 

(Mokhtarzade et al., 2017). Therefore, increase in the level of IL-10 could partly explain the beneficial effect of regular physical activity in MS subjects. However, most 

of the reviewed studies report no marked change on IL-10 anti-inflammatory factor.  

It seems that IL-10 is affected by multiple factors, such as adiposity, baseline fitness and exercise duration (Alvarenga-Filho et al., 2016; Briken et al., 2016; 

Mokhtarzade et al., 2017). So, short training periods (often less than 8 weeks) and the low level of the physical fitness of MS patients compared to healthy individuals 

are two major reasons for the inefficiency of regular physical activity on cytokines in the reviewed studies (Briken et al., 2016; Kjølhede et al., 2016; Mokhtarzade et al., 

2017). On the other hand, most of reviewed studies have not paid attention to the metabolic and/or body composition changes resulting from training that can affect the 

immune system and its adaptation to exercise. Interestingly, Mokhtarzade et al., 2017 demonstrated that IL-10 changes following interval aerobic exercise training is 

associated with improved aerobic capacity in MS subjects. Mokhtarzade et al., 2017 concluded that the low level of physical fitness in MS subjects is probably one of 

the reasons for the lack of significant improvement in IL-10 level after a training period. In addition, Weinhold et al., 2015 reported that increasing levels of IL-10, 
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which is produced from the regulatory T-cells, after exercise is associated with fitness level (Weinhold et al., 2016). It is worth noting that investigating the role of anti-

inflammatory cytokines in the context of MS regardless of pro-inflammatory cytokines such as IL-6 and TNF-α can be incomplete. 

One Class I, five Class II and two Class IV studies focused on the effect of regular physical activity on IL-6, from which one Class IV study reported a 

significant reduction (Kierkegaard et al., 2016) and other studies have reported no considerable change (Alvarenga-Filho et al., 2016; Bansi et al., 2013; Briken et al., 

2016; Castellano et al., 2008; Deckx et al., 2016; Schulz et al., 2004; White et al., 2006) after a training period. Similar to IL-10, IL-6 results are also contradictory; 

however most of the studies show that the serum level of IL-6 is not changed after the training. One common theme across studies is that the overall unconvincing 

evidence for IL-6 might be biased by studies that did not assess IL-6 in several tissues such as muscle and adipose, and also failure to report the pharmacological 

treatment effect on cytokine status. Interestingly, one Class II study (Alvarenga-Filho et al., 2016) indicated that serum levels of IL-6 is chronically higher in MS 

subjects and there is a significant relationship between IL-6 and fatigue. Despite this, in our laboratory and in an unpublished study, we observed that the level of IL-6 is 

higher in relapse and remitting MS subjects at rest. Furthermore, IL-6 exacerbates the demyelination process and inflammation (Sharief, 1998). Based on the importance 

of IL-6 in the CNS, reduction of this factor is of potential great clinical significance in MS patients (Sharief, 1998). Based on the stimulating effects on T cells and the 

data suggesting that IL-6 has the potential to aid in the progression of MS (Arnett et al., 2003; Molanori Shamsi, 2010), many studies have considered IL-6 as a pro-

inflammatory cytokine, but some studies emphasize the anti-inflammatory role of IL-6 (Alvarenga-Filho et al., 2016; White et al., 2006). IL-6 secretion from skeletal 

muscle during exercise stimulates hepatic glucose release into the circulation. The reduced resting concentrations of IL-6 after adaptation to exercise in healthy and 

obese subjects was associated with a reduction in glucose dependence (Agha Alinejad et al., 2010; Molanori Shamsi, 2010; Ozenci et al., 1999).  

Another important and interesting pro-inflammatory cytokine is TNF-α. Seven studies investigated the effect of exercise training on TNF-α, and these studies 

include one Class I, three Class II and one Class IV study have reported no significant change (Alvarenga-Filho et al., 2016; Bansi et al., 2013; Deckx et al., 2016; 

Kjølhede et al., 2016; White et al., 2006). Only one Class II (Golzari et al., 2010) and one Class I (Mokhtarzade et al., 2017) study showed significant increases and 

decreases in TNF-α levels, respectively. Overall, the evidence for the effects of exercise training on TNF- α was conflicting, and involved studies of relatively weak 
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methodological quality (i.e., only 1 Class I study). However, the contradictory results may result from a dual role of TNF-α. Although, it has been reported that an 

increase in TNF-α is associated with disturbance of the blood brain barrier and axonal demyelination (Elenkov and Chrousos, 2002; Minagar and Alexander, 2003), 

TNF-α is also associated with the reduction in the relapse events with IFN-b treatment (Sharief and Hentges, 1991; Simpson et al., 2015) and stimulation of 

remyelination by increasing the oligodendrocyte proliferation (Arnett et al., 2003).  

The dual role of TNF-α in MS disease is complex. Reports suggest that exercise training increases the p75 receptor protein concentrations promoting 

neuroprotection (Mokhtarzade et al., 2017). It should also be noted that in damaged cells and in cancer pathology, the pathway of both TNF-α receptors is associated 

with cell death and induction of inflammation (Arnett et al., 2001; Arnett et al., 2003; Elenkov and Chrousos, 2002); a plausible response in the cells of the CNS during 

MS relapses and progression. As stated, one of the human pro-inflammatory cytokine synthesis inhibitory factors is IL-10, but almost all studies suggest that exercise 

cannot improve IL-10 secretion. Therefore, the non-reduction in TNF-α response to training in previous studies, can be attributed to the lack of change in IL-10. 

 

4.2. Effect of exercise on adipokines 

Two studies evaluated the effect of regular physical activity on the peripheral blood circulation level of adipokines. In these studies, vibration and interval 

aerobic exercises were used as interventions, and the studies observed either no change or a decrease in the resting levels of leptin, as an inflammatory mediator. A Class 

II study (Ebrahimi et al., 2015) observed no change in leptin as an inflammatory mediator, Ghrelin or body mass index. The relationship between leptin and fat mass, 

and the lack of significant change in fat mass may help explain this result. This study had some methodological concerns from an exercise prescription standpoint. 

Indeed, it seems that vibration training was not intense enough; therefore, the maximal benefits of exercise training on leptin could not be realized. On the other hand, the 

Class I study (Mokhtarzade et al., 2017) reported a significant decrease in serum levels of leptin and a significant increase in adiponectin. The results also showed a 

significant improvement in the body composition profile of MS subjects.  
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Recent studies have focused on the role of adipose tissue and secreted adipocytokines from adipose tissue such as leptin (Devorak et al., 2017; Frisullo et al., 

2004; Kraszula et al., 2012; Meier and Gressner, 2004; Procaccini et al., 2017). Evidence has supported important and complex features of the interaction between 

nutrition, metabolism and the hemostasis of the immune system (Procaccini et al., 2017; Procaccini et al., 2015). Therefore, leptin is considered a pivotal factor to 

control weight by controlling nutrition and consumption of energy. It has also been suggested that leptin plays an important role in the regulation of several adaptive and 

innate immune functions (Procaccini et al., 2017). In other words, leptin plays a key role in connecting metabolic changes and the immune system. In fact, leptin 

stimulates T cell proliferation, monocyte and macrophage activity and production of inflammatory cytokines (IL-1, Il-12 and TNF-α) (Kraszula et al., 2012; Meier and 

Gressner, 2004; Procaccini et al., 2015). Frizullo et al., 2004 have demonstrated that leptin is related to the relapse of MS by stimulating the secretion of IL-6 and TNF-

α. Consequently, interpretation of leptin’s role based on cytokine changes can provide interesting conclusions. 

 

4.3. Future research 

There is a complex link between the immune system and adipose tissue. On the other hand, adipose tissue is associated with other risks, including 

cardiovascular risk and even mortality (Hedström et al., 2012; Lin et al., 2017; Munger et al., 2013). With leptin as an example, the three-way connection between 

nutrition, metabolism and the immune system needs to be examined. Recent research has reported that, in addition to leptin, other adipocytokines, such as adiponectin 

and resistin, may affect the immune system (Kraszula et al., 2012) and may have role in MS pathogenesis, requiring further research. One of the main causes of 

difference in the results reviewed in this paper are likely attributable to differences in exercise protocol type, duration and exercise intensity. Reviewed studies have 

often used only a single type of exercise as an intervention, and there is no comparison between different types of exercise and intensities. Therefore, it is suggested that 

comparisons between different exercises should be made to determine the most effective exercise modality in terms of the effect on cytokine profile. Furthermore, there 

are significant requirements for standardized high quality studies that investigate both short and long term effects of an active lifestyle on clinical and Para clinical 

parameters in patients with MS. Although most studies did not show chronic effects of exercise on cytokines, we know that acute effects may also be important. It may 
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be that the positive effects of exercise should rather be seen as the sum of acute effects, leading to long term improvements (Bansi et al., 2013; Kjølhede et al., 2016). It 

seems that acute exercise induces a short term inflammatory environment, this is followed by a mid-term anti-inflammatory environment; therefore, studies should 

particularly pay attention to the acute effects of exercise and the role of an exercise training program on the acute response of cytokines to exercise. 

One of the most important mechanisms that may play a decisive role in exercise effect on cytokines is weight loss during exercise program (Gleeson et al., 

2011). This has not been taken into consideration in most studies of exercise training in MS. It has been reported in Mokhtarzade et al., 2017 that weight loss following 

exercise is associated with an increase in the level of anti-inflammatory cytokines such as IL-10 and Adiponectin in pwMS. Therefore, in future studies, special attention 

should be paid to the concept of weight loss and its role in the effect of exercise on cytokines and adipokines in MS. 

Future research needs to incorporate as many of these quality measures to ensure accurate and reliable results are obtained with respect to MS disease. 

Moreover, other methodological weakness across the reviewed studies include the absence of healthy controls, engaged in similar training programs to compare directly 

the pattern of adaptability of healthy people with those individuals with MS. Although, studies that have been conducted on healthy subjects or even other diseases, 

suggest a positive and modulating effect on exercise training on cytokines and adipokines. Finally, there is an obvious gap in our understanding of the additive or 

synergistic role of pharmaceutical therapies and exercise that are important for guiding future research. 

 

4.4. Limitations 

One of the limitations of this study is that the results may not be generalizable to all MS patients; because the majority of studies recruited small samples of MS 

patients. On the other hand, most studies have not explained how to determine their sample sizes. Therefore, studies may suffer from type II statistical errors (incorrect 

rejection of a true null hypothesis). In addition, some studies (Golzari et al., 2010; Mokhtarzade et al., 2017) have only used females as samples, while the male to 

female ratio is 2 to 1 in MS, making generalizing the results difficult to all MS patients. However, Mokhtarzade et al., 2017 finds that males and females have different 

adipokines adaptation to the training period, and a different adipokine background between male and female subjects can result in an experimental bias (Mokhtarzade et 
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al., 2017). Other limitations of reviewed studies is the heterogeneity of the MS population study; some studies focused on RRMS patients but some studies focused or 

used other type of MS which maybe have major differences in the pattern of response of adipokines and cytokines. 

Based on the investigation effect of exercise training on a wide range of cytokines and adipokines, lack of consistent reporting and heterogeneity of 

experimental design and varied type of exercise programs used in the reviewed studies, performing a meta-analysis was not possible. Moreover, in two studies the 

dropout exceeded 15% and the main outcome measure was obtained from less than 85% of the sample (Deckx et al., 2016; Kierkegaard et al., 2016) this may result in 

insufficient power to detect statistically significant changes. 

Cytokines can be monitored using a variety of tools, methods and in different sites. Most studies have focused on assessing cytokines in serum, while assaying 

cytokines in the serum have several problems and can be inaccurate. Therefore, methods used to measure cytokines can be consider as a major limitations of the existing 

studies which can lead to the heterogeneity of results. 

A further limitation is related to database that were used in the current review study. Only articles published in 4 databases (PubMed, Cochrane Library, 

EMBASE, and PEDro), and English peer-reviewed journals, were included in the current study. Therefore, this review may have not been comprehensive enough to 

include all studies on the effects of exercise training on cytokines and adipokines profiles in MS patients. Despite this, databases used in the current review study are 

major electronic databases that index a great number of studies. In addition, the class of reviewed studies is limited, for example, cross over-design or cohort studies are 

necessary, and could make the conclusions of this study stronger. 

The majority of studies have neglected important notes in their methodology. For instance, nutritional considerations, menstrual cycle in females and the 

accurate assessment of the body composition were not considered completely. All these factors could influence outcomes, and could help in the interpretation of the 

effects of exercise training. In other hand, weight loss and body composition changes are one of the most important factors affecting adipokines and cytokines, while 

most studies have not been monitored body composition and weight loss response to exercise training. Finally, a short-term exercise period of some reviewed studies 

(three to eight weeks) is another important cause for null effect of exercise training. 
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4.5. Conclusion 

Overall, the limited and contradictory results that are summarized in the current study suggest that more extensive research is needed to better understand and quantify 

the role of regular physical activity on cytokines and adipokines in MS, while resolving the methodological weaknesses outlined in this study. The lack of systematic 

changes in cytokines and adipokines indicates that an anti-inflammatory effect of exercise is not the main underling mechanism that mediates positive effects of exercise 

on outcomes such as EDSS, fatigue and other clinical outcomes following a short-term training period (less than 6 months) in persons with MS. Importantly, no studies 

reported any harmful effects of exercise in relation to cytokines or adipokines and regular physical activity did not lead to inflammation or an increase in adipokines or in 

disease severity. Therefore, these findings indicate that an active lifestyle can be considered as an important part of MS treatment. Finally, evidence does not support the 

notion that the potential disease modifying effect of exercise in MS should be driven by underlying changes in cytokines 

 

References  

Agha Alinejad, H., Molanouri Shamsi, M., Azarbayjan, M., Rahimi, M., Asghari Jafarabadi, M., Tofighi, L., Mirani, M., 2010. The Effects of Active Recovery 
on Serum IL-6, IL-8, IL-10 and CK Concentrations After Eccentric Strenuous Exercise in Active Female. Iranian Journal of Endocrinology and Metabolism 
11(5), 553-560. 
Alexander, W.S., 2002. Suppressors of cytokine signalling (SOCS) in the immune system. Nature Reviews Immunology 2(6), 410-416. 
Alvarenga-Filho, H., Sacramento, P.M., Ferreira, T.B., Hygino, J., Abreu, J.E.C., Carvalho, S.R., Wing, A.C., Alvarenga, R.M.P., Bento, C.A., 2016. Combined 
exercise training reduces fatigue and modulates the cytokine profile of T-cells from multiple sclerosis patients in response to neuromediators. Journal 
of neuroimmunology 293, 91-99. 
Arnett, H.A., Mason, J., Marino, M., Suzuki, K., Matsushima, G.K., Ting, J.P.-Y., 2001. TNFα promotes proliferation of oligodendrocyte progenitors and 
remyelination. Nature neuroscience 4(11), 1116-1122. 
Arnett, H.A., Wang, Y., Matsushima, G.K., Suzuki, K., Ting, J.P.-Y., 2003. Functional genomic analysis of remyelination reveals importance of 
inflammation in oligodendrocyte regeneration. Journal of Neuroscience 23(30), 9824-9832. 
Bansi, J., Bloch, W., Gamper, U., Kesselring, J., 2013. Training in MS: influence of two different endurance training protocols (aquatic versus overland) 
on cytokine and neurotrophin concentrations during three week randomized controlled trial. Multiple Sclerosis Journal 19(5), 613-621. 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

20 
 

 

Briken, S., Rosenkranz, S.C., Keminer, O., Patra, S., Ketels, G., Heesen, C., Hellweg, R., Pless, O., Schulz, K.-H., Gold, S.M., 2016. Effects of exercise on 
Irisin, BDNF and IL-6 serum levels in patients with progressive multiple sclerosis. Journal of neuroimmunology 299, 53-58. 
Cannella, B., Raine, C.S., 2004. Multiple sclerosis: cytokine receptors on oligodendrocytes predict innate regulation. Annals of neurology 55(1), 46-57. 
Caspersen, C.J., Powell, K.E., Christenson, G.M., 1985. Physical activity, exercise, and physical fitness: definitions and distinctions for health-related 
research. Public health reports 100(2), 126. 
Castellano, V., Patel, D.I., White, L.J., 2008. Cytokine responses to acute and chronic exercise in multiple sclerosis. Journal of Applied Physiology 104(6), 
1697-1702. 
Dalgas, U., Stenager, E., 2012. Exercise and disease progression in multiple sclerosis: can exercise slow down the progression of multiple sclerosis? 
Therapeutic advances in neurological disorders 5(2), 81-95. 
Deckx, N., Wens, I., Nuyts, A.H., Hens, N., De Winter, B.Y., Koppen, G., Goossens, H., Van Damme, P., Berneman, Z.N., Eijnde, B.O., 2016. 12 weeks of 
combined endurance and resistance training reduces innate markers of inflammation in a randomized controlled clinical trial in patients with multiple 
sclerosis. Mediators of inflammation 2016. 
Devorak, J., Mokry, L.E., Morris, J.A., Forgetta, V., Davey Smith, G., Sawcer, S., Richards, J.B., 2017. Large differences in adiponectin levels have no clear 
effect on multiple sclerosis risk: A Mendelian randomization study. Multiple Sclerosis Journal 23(11), 1461-1468. 
Ebrahimi, A., Eftekhari, E., Etemadifar, M., 2015. Effects of whole body vibration on hormonal & functional indices in patients with multiple sclerosis. 
The Indian journal of medical research 142(4), 450. 
Elenkov, I.J., Chrousos, G.P., 2002. Stress hormones, proinflammatory and antiinflammatory cytokines, and autoimmunity. Annals of the New York 
Academy of Sciences 966(1), 290-303. 
Farrokhi, M., Dabirzadeh, M., Fadaee, E., Beni, A.A., Saadatpour, Z., Rezaei, A., Heidari, Z., 2016. Polymorphism in leptin and leptin receptor genes may 
modify leptin levels and represent risk factors for multiple sclerosis. Immunological investigations 45(4), 328-335. 
Foley, N.C., Teasell, R.W., Bhogal, S.K., Speechley, M.R., 2003. Stroke rehabilitation evidence-based review: methodology. Topics in stroke rehabilitation 
10(1), 1-7. 
Frisullo, G., Angelucci, F., Mirabella, M., Caggiula, M., Patanella, K., Nociti, V., Tonali, P.A., Batocchi, A.P., 2004. Leptin enhances the release of cytokines 
by peripheral blood mononuclear cells from relapsing multiple sclerosis patients. Journal of clinical immunology 24(3), 287-293. 
Gjevestad, G.O., Holven, K.B., Ulven, S.M., 2015. Effects of exercise on gene expression of inflammatory markers in human peripheral blood cells: a 
systematic review. Current cardiovascular risk reports 9(7), 34. 
Gleeson, M., Bishop, N.C., Stensel, D.J., Lindley, M.R., Mastana, S.S., Nimmo, M.A., 2011. The anti-inflammatory effects of exercise: mechanisms and 
implications for the prevention and treatment of disease. Nature Reviews Immunology 11(9), 607. 
Golzari, Z., Shabkhiz, F., Soudi, S., Kordi, M.R., Hashemi, S.M., 2010. Combined exercise training reduces IFN-γ and IL-17 levels in the plasma and the 
supernatant of peripheral blood mononuclear cells in women with multiple sclerosis. International immunopharmacology 10(11), 1415-1419. 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

21 
 

 

Gondim, O.S., de Camargo, V.T.N., Gutierrez, F.A., de Oliveira Martins, P.F., Passos, M.E.P., Momesso, C.M., Santos, V.C., Gorjão, R., Pithon-Curi, T.C., 
Cury-Boaventura, M.F., 2015. Benefits of regular exercise on inflammatory and cardiovascular risk markers in normal weight, overweight and obese 
adults. PLoS One 10(10), e0140596. 
Hedström, A.K., Olsson, T., Alfredsson, L., 2012. High body mass index before age 20 is associated with increased risk for multiple sclerosis in both men 
and women. Multiple Sclerosis Journal 18(9), 1334-1336. 
Heesen, C., Romberg, A., Gold, S., Schulz, K.-H., 2006. Physical exercise in multiple sclerosis: supportive care or a putative disease-modifying treatment. 
Expert review of neurotherapeutics 6(3), 347-355. 
Herring, M.P., Fleming, K.M., Hayes, S.P., Motl, R.W., Coote, S.B., 2017. Moderators of Exercise Effects on Depressive Symptoms in Multiple Sclerosis: A 
Meta-regression. American Journal of Preventive Medicine. 
Kierkegaard, M., Lundberg, I.E., Olsson, T., Johansson, S., Ygberg, S., Opava, C., Holmqvist, L.W., Piehl, F., 2016. High-intensity resistance training in 
multiple sclerosis—An exploratory study of effects on immune markers in blood and cerebrospinal fluid, and on mood, fatigue, health-related quality of 
life, muscle strength, walking and cognition. Journal of the neurological sciences 362, 251-257. 
Kjølhede, T., Dalgas, U., Gade, A.B., Bjerre, M., Stenager, E., Petersen, T., Vissing, K., 2016. Acute and chronic cytokine responses to resistance exercise 
and training in people with multiple sclerosis. Scandinavian journal of medicine & science in sports 26(7), 824-834. 
Kraszula, Ł., Jasioska, A., Eusebio, M.-O., Kuna, P., Głąbioski, A., Pietruczuk, M., 2012. Evaluation of the relationship between leptin, resistin, adiponectin 
and natural regulatory T cells in relapsing-remitting multiple sclerosis. Neurologia i neurochirurgia polska 46(1), 22-28. 
Latimer-Cheung, A.E., Pilutti, L.A., Hicks, A.L., Ginis, K.A.M., Fenuta, A.M., MacKibbon, K.A., Motl, R.W., 2013. Effects of exercise training on fitness, 
mobility, fatigue, and health-related quality of life among adults with multiple sclerosis: a systematic review to inform guideline development. Archives 
of physical medicine and rehabilitation 94(9), 1800-1828. e1803. 
Lin, H., Hu, M., Yan, Y., Zhang, H., 2017. The effect of exercise on adiponectin and leptin levels in overweight or obese subjects: a meta-analysis of 
randomized controlled trials. Sport Sciences for Health, 1-12. 
Lovett-Racke, A.E., Rocchini, A.E., Choy, J., Northrop, S.C., Hussain, R.Z., Ratts, R.B., Sikder, D., Racke, M.K., 2004. Silencing T-bet defines a critical role in 
the differentiation of autoreactive T lymphocytes. Immunity 21(5), 719-731. 
Maher, C.G., Sherrington, C., Herbert, R.D., Moseley, A.M., Elkins, M., 2003. Reliability of the PEDro scale for rating quality of randomized controlled 
trials. Physical therapy 83(8), 713-721. 
Majdinasab, N., Motl, R.W., Mokhtarzade, M., Zimmer, P., Ranjbar, R., Keytsman, C., Cullen, T., Negaresh, R., Baker, J.S., 2018. Acute responses of 
cytokines and adipokines to aerobic exercise in relapsing vs. remitting women with multiple sclerosis. Complementary Therapies in Clinical Practice. 
McDonald, W.I., Compston, A., Edan, G., Goodkin, D., Hartung, H.P., Lublin, F.D., McFarland, H.F., Paty, D.W., Polman, C.H., Reingold, S.C., 2001. 
Recommended diagnostic criteria for multiple sclerosis: guidelines from the International Panel on the diagnosis of multiple sclerosis. Annals of 
neurology 50(1), 121-127. 
Meier, U., Gressner, A.M., 2004. Endocrine regulation of energy metabolism: review of pathobiochemical and clinical chemical aspects of leptin, 
ghrelin, adiponectin, and resistin. Clinical chemistry 50(9), 1511-1525. 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

22 
 

 

Minagar, A., Alexander, J.S., 2003. Blood-brain barrier disruption in multiple sclerosis. Multiple Sclerosis Journal 9(6), 540-549. 
Mokhtarzade, M., Ranjbar, R., Majdinasab, N., Patel, D., Shamsi, M.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, 1-10. 
Molanori Shamsi, M., 2010. Exercise induced release of cytokines from skeletal muscle: Emphasis on IL-6. Iranian Journal of Endocrinology and 
Metabolism 12(2), 181-190. 
Motl, R.W., Learmonth, Y.C., Pilutti, L.A., Gappmaier, E., Coote, S., 2015. Top 10 research questions related to physical activity and multiple sclerosis. 
Research quarterly for exercise and sport 86(2), 117-129. 
Motl, R.W., Pilutti, L.A., 2012. The benefits of exercise training in multiple sclerosis. Nature Reviews Neurology 8(9), 487-497. 
Motl, R.W., Sandroff, B.M., Kwakkel, G., Dalgas, U., Feinstein, A., Heesen, C., Feys, P., Thompson, A.J., 2017. Exercise in patients with multiple sclerosis. 
The Lancet Neurology 16(10), 848-856. 
Munger, K.L., Bentzen, J., Laursen, B., Stenager, E., Koch-Henriksen, N., Sørensen, T.I., Baker, J.L., 2013. Childhood body mass index and multiple 
sclerosis risk: a long-term cohort study. Multiple Sclerosis Journal 19(10), 1323-1329. 
Ozenci, V., Kouwenhoven, M., Huang, Y., Xiao, B., Kivisakk, P., Fredrikson, S., Link, H., 1999. Multiple Sclerosis: Levels of Interleukin-10-Secreting Blood 
Mononuclear Cells are Low in Untreated Patients but Augmented During Interferon-b-1b Treatment. Scandinavian journal of immunology 49(5), 554. 
Patel, D.I., White, L.J., 2013. Effect of 10-day forced treadmill training on neurotrophic factors in experimental autoimmune encephalomyelitis. Applied 
Physiology, Nutrition, and Metabolism 38(2), 194-199. 
Pilutti, L.A., Platta, M.E., Motl, R.W., Latimer-Cheung, A.E., 2014. The safety of exercise training in multiple sclerosis: a systematic review. Journal of the 
neurological sciences 343(1), 3-7. 
Platta, M.E., Ensari, I., Motl, R.W., Pilutti, L.A., 2016. Effect of exercise training on fitness in multiple sclerosis: A meta-analysis. Archives of physical 
medicine and rehabilitation 97(9), 1564-1572. 
Polman, C.H., Reingold, S.C., Banwell, B., Clanet, M., Cohen, J.A., Filippi, M., Fujihara, K., Havrdova, E., Hutchinson, M., Kappos, L., 2011. Diagnostic 
criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Annals of neurology 69(2), 292-302. 
Poser, C.M., Paty, D.W., Scheinberg, L., McDonald, W.I., Davis, F.A., Ebers, G.C., Johnson, K.P., Sibley, W.A., Silberberg, D.H., Tourtellotte, W.W., 1983. 
New diagnostic criteria for multiple sclerosis: guidelines for research protocols. Annals of neurology 13(3), 227-231. 
Procaccini, C., La Rocca, C., Carbone, F., De Rosa, V., Galgani, M., Matarese, G., 2017. Leptin as immune mediator: Interaction between neuroendocrine 
and immune system. Developmental & Comparative Immunology 66, 120-129. 
Procaccini, C., Pucino, V., Mantzoros, C.S., Matarese, G., 2015. Leptin in autoimmune diseases. Metabolism 64(1), 92-104. 
Rotondi, M., Batocchi, A.P., Coperchini, F., Caggiula, M., Zerbini, F., Sideri, R., Leporati, P., Nociti, V., Frisullo, G., Mirabella, M., 2013. Severe disability in 
patients with relapsing-remitting multiple sclerosis is associated with profound changes in the regulation of leptin secretion. Neuroimmunomodulation 
20(6), 341-347. 
Sá, M.J., 2014. Exercise therapy and multiple sclerosis: a systematic review. Journal of neurology 261(9), 1651-1661. 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

23 
 

 

Sandroff, B.M., Motl, R.W., Scudder, M.R., DeLuca, J., 2016. Systematic, evidence-based review of exercise, physical activity, and physical fitness effects 
on cognition in persons with multiple sclerosis. Neuropsychology review 26(3), 271-294. 
Schulz, K.-H., Gold, S.M., Witte, J., Bartsch, K., Lang, U.E., Hellweg, R., Reer, R., Braumann, K.-M., Heesen, C., 2004. Impact of aerobic training on 
immune-endocrine parameters, neurotrophic factors, quality of life and coordinative function in multiple sclerosis. Journal of the neurological sciences 
225(1), 11-18. 
Sharief, M., 1998. Cytokines in multiple sclerosis: pro-inflammation or pro-remyelination? Multiple Sclerosis Journal 4(3), 169-173. 
Sharief, M.K., Hentges, R., 1991. Association between tumor necrosis factor-α and disease progression in patients with multiple sclerosis. New England 
Journal of Medicine 325(7), 467-472. 
Simpson, S., Stewart, N., van der Mei, I., Otahal, P., Charlesworth, J., Ponsonby, A.-L., Blizzard, L., Dwyer, T., Pittas, F., Gies, P., 2015. Stimulated PBMC-
produced IFN-γ and TNF-α are associated with altered relapse risk in multiple sclerosis: results from a prospective cohort study. J Neurol Neurosurg 
Psychiatry 86(2), 200-207. 
Smart, N.A., Steele, M., 2011. The effect of physical training on systemic proinflammatory cytokine expression in heart failure patients: a systematic 
review. Congestive heart failure 17(3), 110-114. 
Sospedra, M., Martin, R., 2005. Immunology of multiple sclerosis. Annu. Rev. Immunol. 23, 683-747. 
Turner, A.P., Kivlahan, D.R., Haselkorn, J.K., 2009. Exercise and quality of life among people with multiple sclerosis: looking beyond physical functioning 
to mental health and participation in life. Archives of physical medicine and rehabilitation 90(3), 420-428. 
Weinhold, M., Shimabukuro-Vornhagen, A., Franke, A., Theurich, S., Wahl, P., Hallek, M., Schmidt, A., Schinköthe, T., Mester, J., von Bergwelt-Baildon, 
M., 2016. Physical exercise modulates the homeostasis of human regulatory T cells. Journal of Allergy and Clinical Immunology 137(5), 1607-1610. 
e1608. 
White, L.J., Castellano, V., Mc Coy, S.C., 2006. Cytokine responses to resistance training in people with multiple sclerosis. Journal of sports sciences 
24(8), 911-914. 
Zimmer, P., Bloch, W., Schenk, A., Oberste, M., Riedel, S., Kool, J., Langdon, D., Dalgas, U., Kesselring, J., Bansi, J., 2017. High-intensity interval exercise 
improves cognitive performance and reduces matrix metalloproteinases-2 serum levels in persons with multiple sclerosis: A randomized controlled 
trial. Multiple Sclerosis Journal, 1352458517728342. 

 

 

 

 



ACCEPTED MANUSCRIPT

ACCEPTED M
ANUSCRIP

T

24 
 

 

 

 

 

Figure 1 Flowchart of search results and study selection. Inclusion criteria was: English language, enrollment of MS patients, access to full text, studying regular 

physical activity, studying cytokines. 
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Table 1 The methodological quality of the reviewed studies using the PEDro scale and ANN classification. 

 Scales ANN 

classification 

First author Year #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 Total  

Mokhtarzade 2017 1 1 1 1 0 0 0 1 1 1 1 7/10 I 

Briken 2016 1 1 1 1 0 0 0 1 1 1 1 7/10 I 

Alvarenga-Filho 2016 1 0 0 1 0 0 0 1 1 1 1 5/10 II 

Deckx 2016 1 1 1 1 0 0 1 0 1 1 1 7/10 II 

Kierkegaard 2016 1 0 0 1 0 0 0 0 1 0 1 3/10 IV 

Kjølhede 2015 1 1 1 1 0 0 1 1 1 1 1 8/10 I 

Ebrahimi 2015 1 1 0 1 0 0 0 1 1 1 1 6/10 II 

Bansi 2012 1 1 0 1 0 0 0 1 1 1 1 6/10 II 

Golzari 2010 1 1 0 1 0 0 0 1 1 1 1 6/10 II 

Castellano 2008 1 1 0 1 0 0 0 1 1 1 1 6/10 II 

White 2006 1 0 0 0 0 0 0 1 1 0 1 3/10 IV 

Schulz 2004 1 1 0 1 0 0 1 1 1 1 1 7/10 II 
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#1: Eligibility criteria (not included in the total score); #2: Random allocation; #3: Allocation was concealed; #4: The groups were similar on important criteria at the 

baseline; #5: Blind all subjects; #6: Blind therapy administration; #7: Blind all assessors; #8: Outcomes were obtained from more than 85%; #9: Intention to treat 

analysis; #10: Statistical comparisons between groups at least for one key factor; #11: Point estimates and variability. 

 

Table 2 Characteristics and protocol of the reviewed studies 

First author 

Year 

MS type Subjects  Age (years) EDSS Exercise Type Duration and Intensity 

Mokhtarzade 

2017 

RRMS Training group: 22 

Control group: 18 

32.0 ± 2.8 

31.3 ± 3.3 

1.8 ± 0.4 

1.6 ± 0.6 

Aerobic training: 

Upper and lower limb cycling 

8-week, 3 sessions per 

week, 60-75% Wmax 

Briken 

2016 

PPMS & 

SPMS 

Training group: 28 

Control group: 9 

49.9 ± 7.6 

50.4 ± 7.6 

4.9 ± 0.9 

4.9 ± 0.8 

Endurance training: 

arm ergometry, rowing and bicycle 

ergometry 

9-week, 2-3 sessions per 

week 

Alvarenga-Filho 

2016 

RRMS MS trained: 8 

MS untrained: 10 

Healthy control: 10 

41.1 ± 12.9 

35.2 ± 7.6 

39.7 ± 10.4 

0-2 

0-2.5 

Combined training: 

Cycling and Pilates exercises 

12-week, 3 sessions per 

week 

Deckx 

2016 

RRMS & 

CPMS 

Training group: 29 

Control group: 16 

47 ±2# 

50± 3# 

3 ± 0.2# 

3 ± 0.4# 

Combined training: 

Cycling, walking, running and 

resistance training 

12-week, 5 sessions per 2 

weeks 
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Kierkegaard 

2016
* 

RRMS Training group: 20 36.3±7.6 1-2.4 Whole body resistance training 

 

12-week, 2 sessions per 

week, 80% 1RM 

Kjølhede 

2015 

RRMS Training group: 16 

Control group: 16 

44.6±7 

42.2±8 

2.9 ± 1 

2.9 ± 1 

Upper and lower resistance training 24-week, 2 sessions per 

week 

Ebrahimi 

2015 

RRMS Training group: 16 

Control group: 14 

37.1±8.4 

40.8±10.6 

3.1 ± 1.2 

3.1 ± 0.8 

Whole body vibration 10 week, 3 sessions per 

week 

Bansi 

2012 

NR Land group: 28 

Water group: 24 

46.7–56.3 

44.6–55.1 

4.1–5.3 

4.0–5.2 

Endurance training: 

Ergometer land and water group 

3-week, 70% HRpeak 

Golzari 

2010 

NR Training group: 10 

Control group: 10 

32.2±7.6 

33.8±8.2 

2.1±1.1 

2.0 ±1.1 

Combined training: 

Endurance and resistance training 

8-week, 3 sessions per 

week 

Castellano 

2008 

RRMS MS trained: 11 

Healthy trained: 11 

40±10 

40±10 

 

0-5.5 Aerobic cycling training 

 

8-week, 3 sessions per 

week, 60% Vo2peak 

White 

2006* 

RRMS Training group: 10 47±12 3.8±0.9 Lower limb resistance training 8-week, 2 sessions per 

week, 50-70% MVC 

Schulz 

2004 

NR Training group: 15 

Control group: 13 

39±9 

40±11 

2.0±1.4 

2.5±0.8 

Aerobic cycling training 8-week, 2 sessions per 

week, 75% Wmax 
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* Kierkegaard et al 2016 and White et al 2006 only used one group in their study, 
# 
Data Shown SD±SEM, NR: not reported; MS: multiple sclerosis; RRMS: relapsing-

remitting MS; PPMS: primary progressive MS; SPMS: secondary progressive MS; CPMS: Chronic Progressive MS; EDSS: Expanded Disability Status Scale; Wmax: 

watts maximum; 1RM: one repetition maximum; HRpeak: peak heart rate; Vo2peak: peak oxygen consumption; MVC: maximum voluntary contraction. 

 

 

 

Table 3 The overall results of the reviewed studies 

First author 

Year 

Main factors Sampling 

time 

Sample  

Main results 

RE AE S P C 

Mokhtarzade 

2017 

IL-10, TNF-α, 

Leptin, 

Adiponecrin 

×  ×   Responses to 8 weeks exercise training (cytokines): TNF-α ↓; IL-10 and IL-10/TNF-α ratio 

underwent no considerably change. 

Responses to 8 weeks exercise training (Adipokines): leptin ↓, Adiponectin ↑, Leptin/Adiponectin ↓. 

Clinical outcome: Fatigue ↓, QoL ↑. 

Briken 

2016 

Irsin, BDNF, 

IL-6 

× × ×   Responses to acute exercise: BDNF ↑ (immediately after exercise); Irisin and IL-6 underwent no 

considerably change. 

Responses to 9 weeks exercise training: Irsin, BDNF and IL-6 underwent no considerably change. 

Clinical outcome: Not reported. 
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Alvarenga-

Filho 

2016 

IL-6, IL-10, IL-

21, IL-22, TNF-

α, IFN-γ 

×     Responses to 12 weeks exercise training: IL-22 ↓; Other cytokines underwent no considerably 

change. # 

Clinical outcome: Fatigue ↓. 

Deckx 

2016 

IL-6, IL-10, IL-

12, TNF-α, 

TGF-β 

×   ×  Responses to 12 weeks exercise training: All measured cytokines underwent no considerably change. 

TNF-𝛼 secretion ↓ (upon LPS and IFN-𝛾 stimulation). 

Clinical outcome: Not reported. 

Kierkegaard 

2016
 

IL-1ra, IL-4, IL-

5, IL-6, IL-7, 

IL-8, IL-12, IL-

13, IL-17 

×   × × Responses to 12 weeks exercise training: Serum level of all measured cytokines ↓; CSF level of all 

measured cytokine underwent no considerably change. 

Clinical outcome: Anxiety ↓, Depression ↓, Fatigue ↓. 

Kjølhede 

2015 

IL-1β, IL-4, IL-

10, IL-17, IL-

23, TNF-α, IFN-

γ 

× ×  ×  Responses to acute exercise: All measured cytokine underwent no considerably change in the 

beginning (untrained state) and after of 24 weeks of exercise training (trained state). 

Responses to 12 weeks exercise training: All measured cytokines underwent no considerably change. 

Clinical outcome: Walking ability ↑. 

Ebrahimi 

2015 

Leptin, Gerlin, 

Testosterone 

×  ×   Responses to 10 weeks exercise training: Leptin, ghrelin and testosterone levels, ghrelin/leptin and 

testosterone/leptin ratio underwent no considerably change. 

Clinical outcome: EDSS ↓, Walking ability ↑, Balance ↑. 

Bansi IL-6, TNF-α, × ×  ×  Responses to acute exercise: BDNF ↑; IL-6, TNF-α, sIL-6R and NGF underwent no considerably 
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2012 sIL-6R, BDNF, 

NGF 

change. 

Responses to 3 weeks exercise training: BDNF ↑ (water group); IL-6, TNF-α, sIL-6R and NGF 

underwent no considerably change. 

Clinical outcome: Fatigue showed no considerably change. 

Golzari 

2010 

IL-4, IL-17,  

IFN-γ 

×   ×  Responses to 8 weeks exercise training: IL-17 ↓, IFN-γ ↓; IL-4 underwent no considerably change.* 

Clinical outcome: EDSS ↓, Balance ↑. 

Castellano 

2008 

IL-6, TNF-α, 

IFN-γ 

× ×  ×  Responses to acute exercise: 30 min postexercise IL-6 ↑, TNF-α ↓, IFN-γ ↓. 

Responses to 8 weeks exercise training: TNF-α ↑, IFN-γ ↑; IL-6 underwent no considerably change. 

Clinical outcome: EDSS ↓. 

White 

2006 

IL-2, IL-4, IL-6, 

IL-10, IFN-γ, 

TNF-α, CRP 

×  ×   Responses to 8 weeks exercise training:  IL-4 ↓, IL-10 ↓, CRP ↓, IFN-γ ↓, IL-2 ↓; IL-6 and TNF-α 

underwent no considerably change. 

Clinical outcome: Fatigue ↓. 

Schulz 

2004 

IL-6, sIL-6R, 

BDNF, NGF 

×   ×  Responses to 8 weeks exercise training:  IL-6, sIL-6R, BDNF and NGF underwent no considerably 

change. 

Clinical outcome: QoL ↑, Balance ↑. 

MS: multiple sclerosis; IL: Interleukin; IL-1ra: interleukin-1 receptor antagonist; sIL-6R: Soluble IL-6 receptor; IFN-γ: Interferon gamma; CRP: C-reactive protein; 

BDNF: Brain-derived neurotrophic factor; NGF: Nerve growth factor; TGF-β: Transforming growth factor beta. LPS: Lipopolysaccharides, EDSS: Expanded disability 

status scale, QoL: Quality of life, RE: rest, AE: after an exercise bout, S: serum, P: plasma or supernatant, C: Cerebrospinal fluid, ↑: significant increase, ↓: significant 

decrease. 
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# These results are based on cytokines that are produced by T cells. 

* These results were measured in both plasma concentrations and production by peripheral blood mononuclear cell (PBMC) status.  

 

 

 

 

 

 

 

 


