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ABSTRACT 

Multiple sclerosis (MS) is a prevalent cause of physical disability in adults, with inflammation-induced demye-

lination and neurodegeneration contributing to its etiology. This comprehensive review explores the multifaceted 

benefits of exercise in managing MS, including improvements in aerobic capacity, balance, muscle strength, im-

mune and hormonal functions and mood. Various exercise modalities, such as aerobic, resistance, flexibility, and 

balance training, are discussed, along with tailored protocols for MS patients. Recommended exercise strategies 

are: aerobic exercise: 2–3x/week; 10–30 minutes (40 %–60 % of maximum heart rate (HRmax), HIIT: 1x/week, 

five 30–90-second intervals at 90 %–100 % HRmax, Resistance training: 2–3x/week, 5–10 exercises; 1–3 sets for 

each exercise, 8–15 repetitions/set. The review also examines the impact of exercise on neuroplasticity, cardio-

vascular responses, cytokine modulation, stress hormone regulation, brain structure, and function and fatigue per-

ception. Emphasizing the importance of exercise in enhancing the quality of life for individuals with MS, the 

review proposes exercise prescriptions and highlights the promising link between physical activity, brain health, 

and improved hormonal and immune status in MS patients. This review aims to inform future research and guide 

clinical practices for effective MS management. 

 

Keywords: Multiple sclerosis, flexibility training, immunomodulation, rehabilitation, quality of life, physical ac-

tivity 

 

 

INTRODUCTION 

Multiple sclerosis (MS) stands as one of 

the most common diseases associated with 

physical disability in adults (Hauser and Cree, 

2020). Its increasing prevalence in contempo-

rary societies remains an enigma, with the ex-

act reasons behind this surge yet to be fully 

elucidated (McGinley et al., 2021). Research 

suggests that a complex interplay of genetic 
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and environmental factors contributes to the 

development of MS (Dobson and Giovan-

noni, 2019). This multifaceted disease is char-

acterized by two primary features 1) inflam-

mation leading to demyelination of neurons, 

and 2) astroglial proliferation (gliosis) and 

neurodegeneration, primarily affecting the 

central nervous system. Several factors have 

been suggested to play a role in its develop-

ment, including  an increased exposure to sun-

light (UVB), smoking, diminished levels of 

vitamin D, and genetic predisposition (Yousfi 

et al., 2023; Ziemssen et al., 2019). The pres-

ence of the Epstein-Barr virus (EBV) in the 

body of individuals has also been associated 

with an increased risk of MS (Filippi et al., 

2020; Vaughn et al., 2019), though research 

findings on its role remain contradictory 

(Lassmann, 2019). Recent research highlights 

the significance of EBV-induced B-cell trans-

formation in MS development (Kuhlmann et 

al., 2023).   

Clinically, MS is categorized into two 

forms: relapsing or progressive. The majority 

of the patients (approximately 85 %) express 

the relapsing-remitting type characterized by 

cycles of attacks and recovery phases in the 

nervous system. These attacks can vary in se-

verity,  with about 15 % of MS patients expe-

riencing a relapse-free course, while another 

15 % endure severe MS conditions (Dobson 

and Giovannoni, 2019).   
Diagnosis of MS typically relies on 

McDonald's criteria, which consider the pres-

ence of brain lesions and the frequency of at-

tacks (Schwenkenbecher et al., 2019). Several 

studies have explored the impact of the im-

mune system on individuals with MS. Among 

immune cells, CD4+ T cells are recognized as 

key players in MS pathogenesis (Høglund and 

Maghazachi, 2014; Kasper and Shoemaker, 

2010), with prolonged release of interferon 

gamma (IFN-γ) contributing to inflammation 

(Vartanian et al., 1995). Among the family of 

T cells, T helper 17 (Th17) cells also play an 

important role (Volpe et al., 2015), secreting 

pro-inflammatory cytokines IL-17 and IL-6, 

regulated by IL-23 (Luchtman et al., 2014; 

Vilisaar et al., 2015). It has been observed that 

T helper 1 ("Th1") leads to the secretion of 

IFN-γ (Hohnoki et al., 1998; Volpe et al., 

2015) and Th17 cells, leading to the release of 

IL-17 (Bettelli et al., 2008), with the increase 

of IL-17 in the brain leading to demyelination.  

The innate immune system can play an 

important role in the initiation and progres-

sion of MS by affecting T and B cells (Gandhi 

et al., 2010; Hemmer et al., 2015). These im-

mune factors activate cytokines and other 

markers, leading to the activation of innate 

immune cells and further progression of MS 

(Mayo et al., 2012). The following figure 

shows this relationship (Figure 1).  

 
Figure 1: Multiple sclerosis pathogenesis in pro-
duction ROS 

 

Cytokines, a group of factors that regulate 

the immune response, play a crucial role in 

MS physiopathology (Grigoriadis and Van 

Pesch, 2015; Navikas and Link, 1996). In a 

healthy individual, there exists a balance be-

tween T helper and cytokines. In MS, how-

ever, this balance is disturbed, leading to an 

increase in pro-inflammatory Th1 cytokines 

(e.g. IL-1, IL-6, TNF-α) and a decrease in reg-

ulatory cytokines such as IL-10 (Amedei et 

al., 2012). This imbalance contributes to neu-

ronal and nervous system damage, ultimately 

manifesting as MS symptoms (Friese et al., 

2014; Ghasemi et al., 2017).  

Recent research suggests that exercise 

training can help reduce physical disability 

and brain atrophy in individuals with MS by 
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regulating cytokine production (Alvarenga-

Filho et al., 2016; Kjølhede et al., 2016). In-

flammation triggers a cascade of biochemical 

and cellular mechanisms (Scarisbrick, 2008), 

triggering oxidative stress (Morel et al., 

2015), axonal degeneration (Correale et al., 

2019), and brain damage in MS patients (Ko-

telnikova et al., 2017). The innate immune 

system emerges as a therapeutic target in the 

question to understand MS pathology 

(Weiner, 2008). In examining the pathology 

of MS, researchers have observed the accu-

mulation of numerous factors ultimately con-

tributing to an individual’s disability (Lass-

mann et al., 2012).  

Several important physiological and func-

tional benefits of exercise training could be 

listed in our manuscript about MS, including: 

improved aerobic capacity (Rampello et al., 

2007), better balance (Yang et al., 2019), im-

proved mood (with potential reduction in de-

pression) (Grossman et al., 2010), increased 

muscle strength (Halabchi et al., 2017), en-

hanced quality of life (Silverman et al., 2017), 

improvements in the  immune and hormonal 

system (Schulz et al., 2004), and fatigue re-

duction (Asano and Finlayson, 2014). Despite 

these potential benefits, only a small number 

of individuals with MS (20 %) engage in reg-

ular physical activity (Fasczewski et al., 

2018), and with increasing age, the duration 

of exercise in MS patients tends to decrease 

(Pau et al., 2020).  Thus, we aimed to examine 

the existing literature to assess the benefits 

and potential drawbacks of exercise for MS 

patients, shedding light on the factors that in-

fluence exercise participation. Through this 

comprehensive review, we aspire to provide 

valuable insights that may guide future re-

search and clinical practice in the realm of MS 

management and care. 

 

EXERCISE TRAINING  

Regular exercise has been proven to be a 

beneficial intervention for individuals with 

MS. First, research has consistently demon-

strated that individuals with MS have lower 

levels of physical fitness when compared to 

their healthy counterparts. This discrepancy is 

largely due to their physical inactivity and un-

healthy lifestyles (Barnard et al., 2020; Dö-

ring et al., 2012). Indeed, a direct relationship 

has been established between physical inac-

tivity, MS, and the subsequent development 

of functional and physiological impairments, 

ultimately leading to premature fatigue and a 

diminished ability to participate in physical 

activities (Langeskov-Christensen et al., 

2017). Fortunately Latimer-Cheung et al. 

(2013b) have shown the effectiveness of ex-

ercise training in improving the quality of life 

for individuals with MS. In this context, pre-

vious studies from Grover (2016) and Pon-

ichtera-Mulcare (1993) identified several fac-

tors that affect the adaptations of MS patients 

to exercise training, including cardiorespira-

tory fitness, voluntary function, skeletal mus-

cle function, and the impact of exercise-in-

duced temperature changes such as heat sen-

sitivity. Therefore, it is crucial for individuals 

with MS to engage in regular exercise to im-

prove their physical fitness and overall well-

being (Riemann-Lorenz et al., 2020).  

 

PHYSIOLOGICAL AND FUNCTIONAL 

RESPONSE OF MS PATIENTS TO  

EXERCISE 

Neuroplasticity-induced changes in  

Multiple Sclerosis patients 
Exercise training induces beneficial ef-

fects on the central nervous system (CNS) in 

individuals with MS (Guo et al., 2020). These 

changes can be observed through the recon-

struction of brain structure, function and con-

nectivity, ultimately resulting in improved 

physical and cognitive performances (White 

and Castellano, 2008a). For instance, long-

term walking has a positive impact on both 

cognitive function and brain morphology of 

MS patients (Devasahayam et al., 2017; Er-

ickson et al., 2019). The effectiveness of ex-

ercise training in inducing brain changes has 

been demonstrated through brain imaging (Ji 

et al., 2021). Studies have shown that exercise 

induces adaptations in the brain, and these 

changes have been observed in MRI (Rasova 

et al., 2015). These results can be seen in Fig-

ure 2. 
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Figure 2: The effect of exercise training on sports 
performance caused by changes in the brain in 
MS patients 

 

By affecting synapses through the activa-

tion of different brain areas, exercise can im-

prove brain function (Prosperini et al., 2015). 

Additionally, exercise induces the activation 

of the thalamus-motor cortex network, and an 

improvement of interneuron communication 

which is related to the changes that result 

from exercise training at the level of brain 

structure and at the molecular/cellular level, 

such as the increase of neurotrophic factors 

and angiogenesis in MS patients (Diechmann 

et al., 2021).  

 

The effect of exercise on the blood-brain 

barrier 
Regular long-term exercise training im-

proved the antioxidant capacity and decreased 

the levels of active oxygen species (Bogdanis 

et al., 2013). These processes contribute to the 

improvement of blood-brain barrier function 

and reduction in its permeability to metabo-

lites (Mokhtarzade et al., 2018). By examin-

ing the effects of high-intensity interval train-

ing on the physiological indicators of the 

blood-brain barrier (Mokhtarzade et al., 2018) 

(MMP-2 and MMP-9), a significant decrease 

in these indicators has been observed (Mokh-

tarzade et al., 2018; Zimmer et al., 2018). 

Physiological factors that play an important 

role in inflammatory processes and can affect 

the blood-brain bar-rier include MMP-2, for 

example, which could be reduced by the anti-

inflammatory properties of physical training 

(Zimmer et al., 2018). This factor can disrupt 

the blood-brain barrier. In a neurodegenera-

tive disease such as MS, the permeability of 

the BBB is altered, and exercise can reduce 

the factors involved in this process, such as 

MMP-2, leading to an improvement in cogni-

tive function (Zimmer et al., 2018). 

Exercise training increases the neuro-

trophic factors’ levels such as BDNF, result-

ing in improved cognitive performance 

(Shobeiri et al., 2022). Further research is 

needed to investigate the effects of exercise 

training intensity and duration on the levels of 

those neurotrophic factors in individuals with 

MS (Banitalebi et al., 2020). Studies have 

demonstrated that aquatic exercise leads to a 

reduction in catecholamine levels, confirming 

the impact of exercise on the sympathetic and 

parasympathetic states (Bansi et al., 2013). 

Figure 3 shows the effect of water exercises 

on patients with MS.

 

Figure 3: Advantages of floating in water on patients with MS 
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Various factors affect the level of neu-

rotrophic factors such as BDNF which might 

be affected by exercise training, inflamma-

tion, metabolic state of the body, body weight 

(Mokhtarzade et al., 2018). In many neuro-

logical diseases such as Alzheimer's, Parkin-

son's, MS, and Huntington's, a lot of neuro-

degeneration occurs in the brain, which is ac-

companied by the death of neuronal nuclei 

and neuronal structures (Manoharan et al., 

2016). Many studies have shown that the 

combination of physical activity and rich en-

vironment such as nutritional or cognitive in-

terventions can help in reducing, inhibiting or 

delaying the progress of neurodegenerative 

diseases (Bhatti et al., 2020; Pang and Han-

nan, 2013). Meanwhile, BDNF neurotrophic 

factors are very important in protecting these 

neurons. Natural interventions, such as exer-

cise, hormonal balance (e.g., steroid hor-

mones such as cortisol and testosterone), and 

nutritional interventions (e.g., fasting, low-

calorie intake, low-carbohydrate diet, selec-

tive nutrient intake), can reduce this level and 

increase the neurotrophic factor and this helps 

the plasticity of the brain (Waterhouse and 

Xu, 2009). 

 

Cytokine modulation with exercise training 

Exercise training enhances immune sys-

tem function by regulating and modulating 

cytokines (Alvarenga-Filho et al., 2016; Fara-

marzi et al., 2020). A study by Smith et al. 

(Smith et al., 2016) examined the impact of 6 

months of aerobic training on the secretion of 

interferon γ cytokine in patients and found a 

decrease in its level. Similarly, Moghadasi et 

al. (2015) investigated the effect of 12 weeks 

of resistance training on the level of interleu-

kin 6 and observed a decrease as well. Short-

term exercise has been shown to maintain im-

mune homeostasis by regulating cytokines, 

such as, C-reactive protein (CRP), IL-1, IL-6, 

IFNγ, with an increase in the level of IL-10 

(Afzal et al., 2020; Barry et al., 2016). This 

cytokine regulation may have implications for 

the prevention and treatment of MS (Asano 

and Finlayson, 2014). Short-term exercise 

training induces immune system homeostasis 

through cytokines’ release (Fasczewski et al., 

2018), assisting in coping with immune sys-

tem disorders during this process (Fasczewski 

et al., 2018). While the precise mechanisms of 

this flow are yet to fully proven, studies sug-

gest regular aerobic exercise induces changes 

in the levels of Th1 and Th2 family cytokines, 

potentially aiding in the treatment and control 

of MS (Lassmann et al., 2012; Pau et al., 

2020) 

 

Regulation of stress hormones 

In MS, there exists a complex relationship 

between the endocrine glands and the immune 

system (Moynihan and Moore, 2010). The 

disease involves the activation of Th1 seg-

ment leading to an excessive release of IL-12, 

TNFα, IFNγ and deficiency of IL-10 (Kaskow 

and Baecher-Allan, 2018). This dysregulation 

can be influenced by axis stimulation and its 

impact on the immune system (Ysrraelit et al., 

2008). Notably, stress hormones can play a 

role in reducing demyelination in MS by al-

tering Th2 factors (Karagkouni et al., 2013). 

Cytokines, which are crucial in immune re-

sponses, are influenced by hormones and neu-

ral factors (Eskandari and Sternberg, 2002). 

Catecholamines and glucocorticoids, which 

are two types of stress hormones, are particu-

larly important in the production and release 

of cytokines (Elenkov and Chrousos, 2002). 

Studies have shown that stress hormone regu-

latory systems can affect the immune system 

and this has been observed in patients with 

MS (Gold et al., 2005). Regulation of these 

stress hormones, such as catecholamines and 

glucocorticoids, may reduce the extent of de-

myelination in MS, the mechanism being 

modulation of Th2 (Deckx et al., 2013). As 

previously proven, physical activity and exer-

cise can affect the progression of MS by mod-

ulating stress hormones (White and Castel-

lano, 2008b). 

 

Exercise and fatigue in MS 
Exercise training in patients with MS does 

not necessarily result in an increased percep-

tion of fatigue; rather, it can contribute to the 
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management of fatigue. There are various rea-

sons why exercise can lead to a reduction in 

the perception of fatigue in MS patient. One 

factor is the tendency for individuals with MS 

to become inactive and spend extended peri-

ods at home (Macdonald et al., 2022), which 

can heighten the perception of fatigue when-

ever they will exercise afterwards, and also 

diminish overall performance (Kornek et al., 

2000). Engaging in exercise training prompts 

adaptation in individuals and can actually lead 

to an increase in delaying the perception of fa-

tigue (Dalgas et al., 2019). 

 

IMPACT OF EXERCISE ON THE  

INNATE IMMUNE SYSTEM 

Exercise induces changes in body homeo-

stasis and elicits immune and hormonal re-

sponses. Regular exercise has been shown to 

contribute to the amelioration of chronic in-

flammation of the nervous system and related 

factors (Florindo, 2014). This beneficial out-

come is achieved by shifting the status of cy-

tokines towards their anti-inflammatory 

counterparts, thereby improving low-grade 

inflammation (Petersen and Pedersen, 2005). 

Additionally, exercise directly impacts the in-

nate immune system through the Toll-like re-

ceptor signal pathway. By examining the 

combined effects of endurance and resistance 

training over eight weeks in MS patients, re-

searchers found that this combined training 

significantly reduced the levels of IL-17 and 

IFN-γ cytokines in plasma (Golzari et al., 

2010). IL-17 is indeed a crucial pro-inflam-

matory cytokine associated with the progres-

sion of MS (Stromnes et al., 2008). This cyto-

kine can break through the blood-brain bar-

rier, which can lead to damage. The mecha-

nism of this process is the activation of cal-

cium release and the disruption of the integ-

rity of the BBB (Yarlagadda et al., 2009). En-

gaging in physical activity and participation 

in exercise training can exert a beneficial anti-

inflammatory effect by reducing IL-17, con-

tributing to a more favorable immune re-

sponse in MS patient  (Alvarenga-Filho et al., 

2016). 

MODELS OF EXERCISE TRAINING 

When creating an exercise program for 

patients with MS, it is crucial to take into ac-

count the patient’s status and primary training 

goals, which may encompass improving mus-

cle strength, endurance, balance, coordina-

tion, and reducing exercise fatigue (Ertekin et 

al., 2012; Halabchi et al., 2017). The design 

of the exercise program should carefully con-

sider all elements, including frequency, inten-

sity, duration, methods employed, and obvi-

ously, necessary precautions (Platta et al., 

2016). Various exercise programs have been 

recommended for individuals with MS, en-

compassing strength training, endurance 

training, balance training, and aquatic exer-

cise programs. Each program can be custom-

ized to address the specific needs of the indi-

vidual patient and should be supervised by a 

qualified healthcare professional to ensure 

safety and effectiveness (Döring et al., 2012; 

Kalb et al., 2020). Below, we will outline 

some exercise programs that could be pre-

scribed for these patients. 

A protocol commonly employed for indi-

viduals with MS involves exercising in stairs 

(Taylor et al., 2006). This model is effective 

since the level of the test execution is equal to 

the ground level, and it is especially suitable 

for MS patients (Brown and Kraft, 2005). It is 

recommended that individuals with MS per-

form these exercises at least once daily. The 

execution involves climbing stairs within the 

range of motion that they do not feel pain, and 

this type of exercise is typically well-suited 

for patients with mild disabilities. Stair exer-

cises encompass a blend of strength, endur-

ance, flexibility, balance and coordination ex-

ercises (Sieljacks et al., 2020). These exer-

cises contribute to reduction of perceived fa-

tigue and improvement in the quality of life 

(Carpinella et al., 2018). When incorporating 

other exercises alongside the staircase model, 

it is crucial to assess the individual needs and 

abilities of the patient. Additionally, comple-

menting stair training with exercises in wa-

ter/pool can serve as a beneficial supplement 

(Brody and Geigle, 2009). 
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Aerobic training 

Engaging in aerobic exercises by individ-

uals with MS has been shown to lead to im-

provements in psychological factors, quality 

of life and aerobic capacity, furthermore, it 

has been to be generally well-tolerated and 

safe (Swank et al., 2013). Studies suggest that 

a four-week aerobic exercise protocol can 

yield favorable gains in cardiorespiratory fit-

ness for MS patients (Andreu-Caravaca et al., 

2021). Recommended exercises include per-

forming light activities on a cadence bike 

and/or a treadmill with sufficient support 

(Latimer-Cheung et al., 2013b). Many studies 

utilizing a treadmill have reported significant 

positive outcomes in MS patients (Latimer-

Cheung et al., 2013b). The recommended aer-

obic training program is 2 to 5 sessions per 

week (Döring et al., 2012; Snyder, 2017). Ex-

ercises intensity is suggested to be around 40-

70 % of VO2max, with the percentage of max-

imum heart rate at approximately 60-80 (or 

40-60 % of heart rate reserve) (Asadi, 2022; 

Humphreys, 2022). Depending on the pro-

gression of the disease, the duration of train-

ing is planned in intervals of 10 to 40 minutes, 

divided into three segments of ten minutes 

each (Latimer-Cheung et al., 2013b). The rate 

of progression and training intensity serves as 

a key factor in the initial six months of train-

ing planning (Halabchi et al., 2017). 
Engaging in resistance exercises for indi-

viduals with MS necessitates the involvement 

of an experienced trainer to ensure both safety 

and effective performance monitoring (Barry 

et al., 2016; Vartanian et al., 1995). The re-

sistance training program for MS patients 

should incorporate equipment and weight ma-

chines that minimize risks (Vartanian et al., 

1995). In cases where traditional bodybuild-

ing machines are not available/feasible, using 

elastic bands or body weight exercises as re-

sistance can be a suitable alternative (Bettelli 

et al., 2008; Vartanian et al., 1995). A training 

frequency of 2 to 3 gym sessions per week is 

considered appropriate for MS patients. Each 

session should be designed with 8 to 15 repe-

titions maximum (RM) at an intensity ranging 

from 60 % to 80 % of 1RM (Devasahayam et 

al., 2017; Erickson et al., 2019; Rasova et al., 

2015).  Gradual increases in training intensity 

is strongly recommended (Bettelli et al., 

2008; Lassmann, 2019), with a suggested load 

incremental of 2 to 5 % in each session to pro-

mote progress while preventing injuries  (Bet-

telli et al., 2008; Vartanian et al., 1995). 

Concerning the flexibility and stretching 

exercises, typically individuals with MS ex-

perience a decrease in joint range of motion 

due to inactivity. Flexibility exercises are a 

dependable and low-impact solution, contrib-

uting to increased muscle length, reduced 

muscle spasms, enhanced joint mobility, and 

improvements in balance and body posture 

(Bettelli et al., 2008). In a training program, 

these exercises are recommended daily for 10 

to 15 minutes (Bettelli et al., 2008; Ka-

ragkouni et al., 2013; Ysrraelit et al., 2008). It 

is advisable to incorporate these movements 

both before and most importantly after the 

training session, encompassing both upper 

and lower body movements (Devasahayam et 

al., 2017; Erickson et al., 2019; Rasova et al., 

2015). 

In individuals with MS, where the central 

nervous system is impacted, a heightened fo-

cus on enhancing balance and coordination is 

essential.  These exercises involve the manip-

ulation of their center of gravity. An effective 

method for improving coordination and bal-

ance is the Swiss ball exercise, which contrib-

utes to increased strength and flexibility (Hal-

abchi et al., 2017). Additionally, incorporat-

ing tai chi exercises with deliberately slow 

movements is another beneficial approach to 

enhance strength and balance. Water-based 

exercises are also noteworthy for increasing 

balance and flexibility, while reducing the 

risk of falling (Eyvaz et al., 2018). 

Respiratory muscle training is aimed at 

enhancing the efficiency of the respiratory 

muscles during exercise, paralleling the im-

provement seen in skeletal muscles 

(Gosselink et al., 2000). In their examination 

of fatigue factors in individuals with MS, Fo-

glio et al. (1994) noted that respiratory muscle 

weakness could be one of these contributing 

factors to the rapid fatigue of patients with 
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MS. In addition, improvement in these mus-

cles has been observed following respiratory 

muscle training in people with MS, support-

ing the potential for using this technique as 

complementary training (Martín-Valero et al., 

2014). 

 

Physiological response to exercise in MS 

The cardiovascular system’s response to 

exercise activities is carried out by the auto-

nomic nervous system. Research investigat-

ing the impact of exercise training on the car-

diovascular response in individuals with MS 

has identified slight abnormalities at rest 

(Feltham et al., 2013; Keytsman et al., 2019). 

Ponichtera-Mulcare (1993) conducted a study 

comparing the cardiovascular response to ex-

ercise in MS patients and those with physical 

disability. It is interesting to note that they did 

not find a significant difference in the cardio-

vascular response to exercise, because the se-

verity of the disease is a key determinant in 

the response of the cardiovascular system to 

exercise in patients with MS (Heine et al., 

2016). 

Aerobic capacity of MS patients has been 

demonstrated to decline, with researchers pri-

marily attributing it to reduced engagement in 

physical activities (Proschinger et al., 2022). 

Additionally, respiratory dysfunction may 

play a role in diminishing performance (Comi 

et al., 2001), as compromised respiratory 

muscles can result in decreased respiratory 

function (Induruwa et al., 2012). Weakened in 

muscles affected by central nervous system 

(CNS) dysfunction becomes apparent during 

maximal exercise tests, and this weakening 

and atrophy can stem from short-term non-use 

or spinal cord injury in individuals with MS 

(Dionyssiotis et al., 2014). Studies have iden-

tified a lower presence of type I muscle fibers, 

along with a reduction in muscle size and en-

zyme activity, among MS patients who are 

not actively engaged in physical activities 

(Hansen et al., 2015; Petajan and White, 

1999). This decline contributes to a decrease 

in functional capacity, highlighting the signif-

icance of implementing an exercise program 

to enhance muscles strength (Hansen et al., 

2015).  

 

Signaling pathway involved in the impact of 

physical activity in MS 

Various mechanisms contribute to the ef-

fects of physical activity on individuals with 

MS, including the reduction of fat tissue lead-

ing to diminished adipokines and the augmen-

tation of an anti-inflammatory environment 

(Negaresh et al., 2018). It is noteworthy that 

exercise training, irrespective of weight loss, 

serves as an intervention in chronic inflamma-

tory diseases by influencing cytokines and ad-

ipokines, as highlighted in studies by Gleeson 

et al. (2011) and Negaresh et al. (2018). 

In addition to the effect of exercise on 

physiological and molecular issues in patients 

with MS, improving the quality of life is a 

crucial aspect for individuals with MS, given 

the limited availability of curative treatments. 

Quality of life serves as a measure of an indi-

vidual’s happiness and overall enjoyment life 

(Barry et al., 2016; Langeskov-Christensen et 

al., 2017). Due to the lack of treatment solu-

tions in patients with MS, improving the con-

dition and quality of life of these patients can 

play an effective role in reducing stress and 

dampening the disease’ symptoms (Schroeder 

et al., 2014). Various studies indicate that in-

dividuals with MS experience adversity on 

multiple fronts (Borkoles et al., 2008; Pust et 

al., 2020). Research exploring the quality of 

life among MS patients reveals a notable 

trend that these individuals frequently experi-

ence with a lower quality of life compared to 

those with other conditions, even in compari-

son to patients with intestinal inflammation 

(Guerrero Aznar et al., 2022; Visser et al., 

2021). This decline in life satisfaction is par-

ticularly pronounced in the early years of the 

onset of the disease (Patten et al., 2012). 

Encouraging and persuading individuals 

affected by loneliness and depression to en-

gage in regular activities for fitness and inter-

personal connections is crucial. Exercise 

training practices play a significant role in re-

ducing feeling of loneliness and depression 

(Tollár et al., 2020). The type and diversity of 
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exercises has been shown to impact the qual-

ity of life for patients with MS (Heesen et al., 

2006; Tollár et al., 2020). Among various ex-

ercise modalities, aerobic exercises have 

proven to be more effective, leading to an en-

hancement in these patients’ overall quality of 

life (Andreu-Caravaca et al., 2021). Studies 

investigating the duration of exercise have 

shown that two to three days a week are rec-

ommended, starting with two days a week and 

ending with three days a week. Each training 

session should be ten to thirty minutes, start-

ing from ten minutes and progressing to thirty 

minutes. The intensity of each session can be 

between ten and thirteen on a twenty-point 

scale, or between 40 and 60 percent of the 

maximum oxygen consumption (VO2peak) or 

maximum heart rate (HRmax). Overall im-

provement should begin with increasing dura-

tion or frequency. The method of training pro-

gress should be based on tolerance (Kalb et 

al., 2020; Kim et al., 2019). Figure 4 illus-

trates the impact exercise on MS. 

 

PRESCRIPTION OF EXERCISE 

TRAINING FOR MS 

Researchers have designed guidelines and 

protocols for engaging individuals with MS in 

physical activities based on essential investi-

gations dedicated to those patients. These 

studies consistently advocate the incorpora-

tion of moderate-intensity aerobic exercises, 

spanning at least, 30 per session, and two days 

a week. Additionally, to enhance muscle 

strength, participation in strength exercises 

for two other days a week is recommended 

(Asano et al., 2009; Latimer-Cheung et al., 

2013a). Alternative protocols for strength 

training in individuals with MS involve focus-

ing on major muscle groups, typically com-

prising 1-3 sets with 8 to 15 repetitions at 

maximum capacity (Asano et al., 2009). Ex-

ercise recommendations for MS patients at 

different stages are shown in Table 1(Kalb et 

al., 2020). 

We also believe that diet can substantially 

improve life by instigating changes and mod-

ifications, given its crucial role in metabolism 

and its status as a fundamental life resource. 

The substances within our diet, influencing 

energy production, play a crucial role in the 

catabolic and anabolic processes of our body 
(Riccio and Rossano, 2015; Riccio et al., 

2010). It is worth nothing that the components 

present in these dietary compounds can wield 

significant influence over the onset or preven-

tion of various diseases. However, it is imper-

ative to underscore that a comprehensive un-

derstanding of the topic will necessitate future 

research (Diechmann et al., 2021). 

 

 

Figure 4: Effect of exercise training on MS patient 
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Table 1: Exercise recommendations for Expanded Disability Status Scale 0–9.0 

MS pa-
tients in  
different 
stages 

Type of exercise training Training  
sessions per 
week 

Time of exercise 
training 

Intensity of  
exercise train-
ing  

0-4.5 Aerobic  
HIIT 
 
Resistance  
Flexibility  

2-3x/week 
2-3x/week 
 
2-3x/week 
Daily/2-3 sets 
of each stretch  

10-30 minute 
Five 30–90-sec-
ond intervals 
1-3 sets/8-15 rep 
30-60 sec/stretch 

40-60 % MHR 
90-100 % MHR 
 
body weight  
exercises 
Yoga and stretch 
training 

5-6.5  Same as above, plus 
With the Borg 10-point 
scale, between 2 and 6 
• Aerobic: heat  
Sufficient time to cool down 
in people with heat sensitiv-
ity 
• Resistance:  
functional/multi-joint move-
ments (sit-to-stand, stair 
climbing, reaching) 

   

8-7  several shorter sessions, 
with rest breaks between 
repetitions 

3-7 days/week Up to 20 minutes Training for this 
degree of disabil-
ity is required 

8.5-8  strategies for increase qual-
ity of life/fitness 

3-7 days/week Up to 10-15 mi-
nute with rests in-
tervals  

 

9 same for 7.0–7.5 and 8.0–
8.5 

3-7 days/week Up to 10 minutes   

Hrmax: heart rate maximal, HIIT: high intensity interval training, rep: repetition 

 

CONCLUSION 

According to the information presented in 

this article, participation in sports training 

leads to improved quality of life, reduced per-

ception of fatigue, improved hormonal levels 

and immune system function in people with 

MS. Doing training exercises creates motiva-

tion, vitality, happiness and life expectancy in 

patients with MS, because these people refuse 

to do physical activities as soon as they find 

out about the disease. Exercising can have a 

positive effect on mechanisms related to brain 

function through neurotrophic factors such as 

BDNF in maintaining brain integrity. The 

promising link between physical activity, 

brain health, and improved hormonal and im-

mune status in MS patients highlights the 

need for further research. 
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