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ABSTRACT 

Fatigue is one of the most prevalent and debilitating symptoms of multiple sclerosis (MS), affecting up to 95% of patients 
and significantly impairing quality of life. This review synthesizes current knowledge on the pathophysiology, diagnosis, 
and treatment of MS-related fatigue. Fatigue in MS is a multidimensional phenomenon that includes physical, cognitive, and 
central components, stemming from both primary neurological mechanisms and secondary comorbidities. The underlying 
pathophysiological contributors include demyelination, dopaminergic dysregulation, pro-inflammatory cytokine activity, 
hypothalamic–pituitary–adrenal (HPA) axis dysfunction, and mitochondrial impairment. Diagnosis primarily relies on 
subjective self-report scales such as the Fatigue Severity Scale (FSS), Modified Fatigue Impact Scale (MFIS), and Fatigue 
Scale for Motor and Cognitive Functions (FSMC), though overlapping symptoms like depression and sleep disorders 
complicate clinical assessment. Treatment remains challenging: while pharmacological options—such as amantadine, 
modafinil, and ponesimod—offer limited and inconsistent benefits, non-pharmacological strategies, particularly physical 
activity and cognitive-behavioural therapy (CBT), show stronger evidence for improving fatigue and patient well-being. The 
paper emphasizes the necessity of an individualized, multidimensional treatment approach to effectively manage fatigue and 
mitigate its impact on the physical, social, and occupational functioning of individuals with MS. 
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Introduction 

Multiple sclerosis (MS) is a neuroinflammatory disease of the central nervous system (CNS) that leads 

to demyelination and neurodegeneration. It is also considered the most common potential cause of neurological 

disability in young adults. [1] 

In 2023, nearly 3 million people worldwide were living with multiple sclerosis. [2] 

The highest incidence of MS is observed in European and American countries, ranging from 111 to 300 

cases per 100,000 inhabitants. In Asia, the incidence is approximately 30 cases per 100,000 inhabitants, while 

the lowest rates are reported in African countries and the Western Pacific region, which is around 5 cases per 

100,000 people. [3] 

MS is characterized by recurrent relapses that contribute to the accumulation of neurological deficits. 

Each relapse may result in permanent damage to nervous system function, manifesting as a wide spectrum of 
impairments. The most common symptoms include muscle weakness, spasticity, tremor, ataxia, chronic 

fatigue, and sensory disturbances. Additionally, patients often experience autonomic dysfunction (e.g., bowel 

and bladder problems), pain, sexual dysfunction, as well as speech (dysarthria), swallowing (dysphagia), 

cognitive, and psychiatric disturbances. Progressing deficits lead to gradual limitations in mobility and 

independence in daily activities, significantly affecting patients’ quality of life. [4] 

Fatigue is one of the most burdensome symptoms for individuals with MS, occurring in up to 80% of 

patients and markedly impairing daily functioning. [5] 

Due to its high prevalence, nonspecific nature, and diagnostic and therapeutic challenges, MS-related 

fatigue remains a significant clinical issue. [6] 

The aim of this thesis is to review current data on the mechanisms underlying fatigue in MS, its diagnosis, 

and the available therapeutic options. 
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The Concept of Fatigue in MS 

Fatigue is defined as “a subjective lack of physical and/or mental energy that is perceived by the 

individual or caregiver to interfere with usual and desired activities.” [7] 

From an etiological perspective, fatigue is categorized as primary or secondary. Primary fatigue results 

directly from the pathophysiology of MS, i.e., demyelination, axonal damage, activation of pro-inflammatory 

cytokines, and dysfunction of the central nervous system. It is considered an inherent effect of the disease itself, 

independent of other symptoms or complications. Secondary fatigue, on the other hand, arises from factors 

associated with MS, such as sleep disturbances, chronic pain, infections, adverse effects of treatment, or 

depression. [8] 

Based on its manifestation and the localization of underlying mechanisms, fatigue in multiple sclerosis 

can be classified into three main types: physical, cognitive, and central. 

Physical fatigue manifests as muscle weakness and rapid exhaustion during physical activity. Patients 

often describe it as a feeling of “heavy legs” or “lack of strength in the limbs.” 

Cognitive fatigue concerns cognitive functions and presents as reduced concentration, diminished 

intellectual performance, and a sensation of “slowed thinking.” These symptoms may appear even without 

prior physical exertion. 

Central fatigue is considered the most challenging to capture clinically. It may occur immediately upon 
waking, regardless of sleep duration or activity level, and its mechanisms are linked to damage within brain 

structures responsible for regulating central nervous system activity—particularly the basal ganglia, thalamus, 

and brainstem. [8] 

Population data indicate that fatigue occurs in 80–95% of patients with MS, and as many as 55% 

consider it the most debilitating symptom of the disease. [9] It is important to note that there is no single 

“typical” pattern of fatigue—patients often experience a mixed presentation in which physical, cognitive, and 

central elements overlap and fluctuate over time. [10] 

Understanding this classification is crucial, as different types of fatigue may require distinct therapeutic 

interventions. 

 

Table 1. Classification of Fatigue in Multiple Sclerosis 

 

Type of fatigue Characteristics Main symptoms Possible mechanisms 

Physical 

Decreased muscle strength 

and endurance during 

physical activity. 

– feeling of heaviness in the 

limbs 

– rapid exhaustion with exertion 

– difficulty performing 

movements 

– damage to pyramidal tracts 

– muscle deconditioning 

– spasticity 

Cognitive 

(mental) 

Reduced efficiency of 

cognitive and motivational 

functions. 

– concentration difficulties 

– slowed thinking (“brain fog”) 

– alterations in the frontal 

cortex 

– co-occurring depression 

– sleep disturbances 

Central 

(neurological) 

General, hard-to-define 

sense of exhaustion, 

independent of activity 

level. 

– lack of energy from the 

morning 

– fatigue disproportionate to 

effort 

– unexplained weakness 

– demyelination of brain 

structures 

– impaired dopaminergic 

transmission 

Source: Bakshi R. Fatigue associated with multiple sclerosis: diagnosis, impact and management. 

Multiple Sclerosis Journal. 2003;9(3):219–27. 
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Pathophysiological Mechanisms of Fatigue in MS 

Fatigue in multiple sclerosis is a multifactorial phenomenon that does not arise solely from neurological 

damage but also involves immunological, hormonal, and metabolic alterations. It is believed that both 

mechanisms directly related to MS pathophysiology—central mechanisms—as well as indirect factors can 

contribute to and exacerbate fatigue symptoms. [11] 

Damage to central nervous system structures 

Demyelinating and neurodegenerative changes characteristic of MS lead to disturbances within 

structures responsible for regulating motor activity, attention, and arousal, such as the basal ganglia, thalamus, 

brainstem, and prefrontal cortex. [12] 

A study by Genova et al. using fMRI demonstrated that patients with high levels of fatigue exhibit 

reduced activation in the prefrontal cortex and caudate nucleus during a cognitive task. In contrast, individuals 

with lower fatigue showed greater activation of compensatory structures, suggesting the existence of adaptive 

mechanisms that may protect against cognitive decline. [13] 

These findings support the view that fatigue has a measurable neurological basis associated with the 

dysfunction of specific brain regions. 

Dysregulation of dopaminergic neurotransmission 

Dysfunction of the dopaminergic system plays a significant role in the development of fatigue. 
Dopamine, a neurotransmitter responsible for motivation, attention, and drive regulation, is essential for the 

subjective sense of energy. Neuroimaging studies have demonstrated reduced activity in the mesolimbic and 

mesocortical pathways in MS patients experiencing fatigue. [14] 

The involvement of dopaminergic mechanisms is also supported by clinical improvement observed 

following pharmacological interventions such as modafinil or bupropion. [15] 

The role of cytokines and inflammation 

Several studies have investigated the impact of chronic inflammation on fatigue symptoms in MS. 

Hanken et al. (2020) reported that elevated serum IL-6 levels significantly correlate with higher levels of 

cognitive fatigue. [16] 

Similarly, Gilio et al. (2022) found that lower concentrations of anti-inflammatory cytokines in 

cerebrospinal fluid correlate with increased fatigue severity, indicating the important role of cytokine 

imbalance in the pathogenesis of this symptom. [17] 

This is further supported by findings from Damato et al. (2022), who observed elevated levels of 

proinflammatory cytokines in the serum of patients experiencing moderate to severe fatigue. [18] 

Hypothalamic–pituitary–adrenal (HPA) axis dysregulation 

Growing evidence suggests that dysregulation of the hypothalamic–pituitary–adrenal axis occurs in 

individuals with MS and may contribute to chronic fatigue. Studies have reported both a flattened diurnal 

cortisol rhythm and a blunted stress response. [19] 

Mokary et al. (2024) demonstrated that lower salivary cortisol levels correlate with increased fatigue 

severity and mood disturbances in MS patients, which may indicate reduced HPA axis activity in this 

population. [20] 

However, a 2023 systematic review showed inconsistencies in findings on HPA axis involvement, as 

not all studies confirmed a link between cortisol levels and fatigue intensity. This suggests a complex 

mechanism potentially influenced by additional factors such as depression or sleep disorders. [21] 

Mitochondrial dysfunction and oxidative stress 

Mitochondrial abnormalities are increasingly recognized as a key mechanism underlying fatigue in MS. 

Studies have shown reduced activity of respiratory chain complexes I and IV in glial cells and neurons derived 

from MS patients, resulting in decreased ATP production and increased oxidative stress. [22] 

The severity of these disturbances has been linked to the intensity of fatigue symptoms reported in 

clinical cohorts. 

 

Diagnosis of Fatigue in MS 

Tools for assessing fatigue 

In the diagnostic evaluation of fatigue in patients with multiple sclerosis, self-report instruments are 

commonly used to assess the subjective experience of fatigue and its impact on daily functioning. The most 

widely used scales include the Fatigue Severity Scale (FSS), the Modified Fatigue Impact Scale (MFIS), and 

the Fatigue Scale for Motor and Cognitive Functions (FSMC). 
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Table 2. Comparison of fatigue assessment scales in multiple sclerosis 

 

Scale 
Full 

name 

Numbe

r of 

items 

Scorin

g 

range 

Administrati

on time 

Assessment 

scope 

(descriptiv

e) 

Pathologic

al 

threshold 

Advantages 
Disadvantag

es 

FSS 

Fatigue 

Severity 

Scale 

9 1–7 ~5 min 

Overall 

level of 

fatigue 

≥4 (mean 

score 

across 9 

items) 

Quick, well-

validated, 

widely used 

Does not 

differentiate 

fatigue types 

MFIS 

Modifie

d 

Fatigue 

Impact 

Scale 

21 0–4 ~10–15 min 

Impact of 

fatigue on 

physical, 

cognitive, 

and 

psychosocia

l 

functioning 

≥38 (total 

score) 

More 

comprehensiv

e; widely 

used in 

clinical 

research 

Longer 

completion 

time 

FSM

C 

Fatigue 

Scale 

for 

Motor 

and 

Cognitiv

e 

Function

s 

20 1–5 ~10 min 

Differentiat

es motor 

and 

cognitive 

fatigue 

≥43 (for 

each 

domain 

separately) 

Precise 

differentiatio

n of fatigue 

types; good 

validity 

Less 

commonly 

used in 

routine 

clinical 

practice 

 

Differential Diagnosis of Fatigue 

The diagnostic assessment of fatigue in multiple sclerosis should take into account its potential 

coexistence with other symptoms, particularly depression and sleep disturbances. Studies have shown that 

depression may significantly influence scores on the MFIS and FSS scales, potentially leading to an 

overestimation of fatigue severity. [23] 

Therefore, it is recommended to use parallel screening tools such as the Beck Depression Inventory 

(BDI) or the Hospital Anxiety and Depression Scale (HADS). 

Sleep disorders, including insomnia and excessive daytime sleepiness, may also contribute to secondary 

fatigue. To assess these conditions, tools such as the Pittsburgh Sleep Quality Index (PSQI) and the Epworth 

Sleepiness Scale are used. Multicenter studies indicate that as many as 60–70% of MS patients experiencing 

fatigue also present symptoms of sleep disturbances. [24] 

Diagnostic challenges 

Fatigue, despite being one of the most common and disabling symptoms of multiple sclerosis, is difficult 

to diagnose and classify due to the absence of objective biological markers. As a result, all assessment 

instruments rely on patients’ subjective reporting. [25] 

Additionally, fatigue in MS may fluctuate significantly throughout the day and can be modified by 

external factors. [26] 

In clinical practice, fatigue often overlaps with other symptoms such as pain, cognitive dysfunction, or 

spasticity, which complicates the interpretation of scale results. [27] 

Therefore, the use of multiple assessment tools and interpretation of outcomes within the context of the 

patient’s overall clinical picture is essential. 
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Pharmacological Treatment of Fatigue in MS 

Despite the significant impact of MS-related fatigue on quality of life, pharmacological treatment 

options remain limited. The symptomatic management of fatigue primarily includes amantadine, modafinil, 

fampridine, and more recently investigated immunomodulatory agents such as ponesimod. 

Amantadine, originally used for the treatment of Parkinsonian symptoms and influenza, exerts its effect 

in MS by modulating dopaminergic and glutamatergic neurotransmission, leading to improved motor activity 

and reduced subjective fatigue. 

In a randomized clinical trial comparing amantadine with acupuncture, patients receiving 100 mg of 

amantadine twice daily for 8 weeks demonstrated a reduction in fatigue as measured by the FSS scale. The 

effect was most pronounced during the first 4 weeks of treatment and persisted throughout the observation 

period. [28] 

Modafinil, initially approved for narcolepsy, acts as an adrenergic and dopaminergic agonist. Although 

early studies suggested promising outcomes in alleviating MS-related fatigue, systematic reviews and meta-

analyses have not provided conclusive evidence supporting its efficacy. Consequently, many experts 

recommend that modafinil be considered only in cases of fatigue that are resistant to other interventions. [29] 

Fampridine, a potassium channel blocker primarily used to improve gait in MS patients, may also 

influence subjective fatigue by enhancing conduction in demyelinated axons. 
A systematic review of studies reported that fampridine may reduce fatigue in some patients, particularly 

those with motor deficits, although this effect was not consistently observed across all trials. The drug’s 

effectiveness appears to be limited to a subgroup of patients with significant motor pathway involvement. [30] 

Ponesimod, a selective sphingosine-1-phosphate receptor modulator (S1P1), is approved as a disease-

modifying therapy for relapsing-remitting MS. Studies have shown that patients treated with ponesimod 

reported reduced fatigue as measured by the FSIQ-RMS questionnaire. This effect is attributed to reduced 

inflammatory activity and improvement of overall neurological function. [31] 

Pharmacological management of fatigue in MS remains a clinical challenge, and the effectiveness of 

available treatments is often moderate. Among current options, amantadine is the most frequently used and 

demonstrates modest but consistent benefits in recent studies. Modafinil and fampridine may be helpful in 

selected cases, although their efficacy is less predictable. Given the limited success of pharmacological 

therapies, ruling out secondary causes and implementing non-pharmacological interventions remain essential 

components of managing fatigue in MS. 

Non-pharmacological Treatment of Fatigue in MS 

Given the limited effectiveness of pharmacotherapy in managing fatigue in multiple sclerosis, interest 

in non-pharmacological therapeutic strategies has been steadily increasing. The best-documented interventions 

include physical activity, cognitive-behavioural therapy (CBT), and digital or telemedicine tools supporting 

self-regulation and symptom monitoring. 

Physical exercise and movement-based interventions 

Regular physical activity plays a key role in reducing fatigue. A systematic review encompassing over 

150 randomized trials demonstrated that the most effective interventions include balance and postural training, 

mind–body exercises such as yoga or tai chi, as well as resistance and endurance training. [32] 

Cognitive-behavioural therapy (CBT) 

Cognitive-behavioural therapy has long been used in the treatment of depression and anxiety, but its 

application in MS-related fatigue has shown increasing effectiveness. In a review by Masoud et al., fatigue-

focused CBT was found to produce a moderate therapeutic effect (SMD ≈ 0.60) and significantly improved 

subjective ratings of energy and perceived agency. [32] 

The beneficial impact of CBT may be linked to modulation of the immune and neuroinflammatory 

systems. Chronic inflammation has been associated with increased fatigue and the exacerbation of depressive 

symptoms. Psychotherapy has been shown to reduce the expression of inflammatory markers and improve 

psychological well-being, which indirectly contributes to reduced fatigue. [33] 

Non-pharmacological interventions represent an important component of fatigue management in MS. 

The strongest evidence supports the effectiveness of physical exercise and cognitive-behavioural therapy. 

Given the limitations of pharmacological treatments, a comprehensive therapeutic approach incorporating 

lifestyle modification, psychological support, and patient activation appears most promising. 
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Impact of fatigue on daily functioning and quality of life 
Fatigue in MS is a symptom that significantly affects daily functioning and often has a greater impact 

on life than motor symptoms. It limits physical, social, and occupational activity, thereby reducing quality of 
life. 

As demonstrated in a 2025 study by Ravazoula and Koutsojannis, patients experiencing severe fatigue 
are less likely to engage in social activities, show reduced motivation, and more frequently encounter 
difficulties maintaining occupational stability. [34] 

Chronic fatigue often co-occurs with sleep and mood disturbances. Interventions aimed at improving 
sleep quality can reduce fatigue and enhance overall functioning. This is supported by evidence from a study 
in which a telerehabilitation programme improved sleep, reduced fatigue, and increased quality of life among 
MS patients. [35] 

 
Conclusions 
Fatigue is one of the most common and burdensome symptoms of multiple sclerosis (MS), affecting as 

many as 80–95% of patients. This paper examined fatigue in MS as a complex phenomenon with both primary 
and secondary components. Three main types of fatigue were identified, along with their clinical characteristics 
and underlying pathophysiological mechanisms, including neurotransmitter dysfunction, inflammatory and 
immunological processes, dysregulation of the HPA axis, as well as mitochondrial deficits and oxidative stress. 

The diagnosis of fatigue relies primarily on self-report scales; however, the absence of objective 
biological markers remains a significant limitation. Differential diagnosis must also consider coexisting 
symptoms, especially depression and sleep disturbances. 

Both pharmacological and non-pharmacological treatment options were discussed, including physical 
rehabilitation and cognitive-behavioural therapy (CBT). Particular emphasis was placed on the importance of 
a holistic therapeutic approach. 

The paper highlights that fatigue in MS substantially reduces quality of life and negatively affects 
patients’ social, occupational, and emotional functioning. Effective management of this symptom requires an 
individualized and multidimensional therapeutic strategy. 
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