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Abstract: Fatigue is a common, debilitating and often underestimated symptom in patients with multiple sclerosis (MS). The exact 
pathophysiological mechanism of fatigue in MS is still unknown. However, there are many theories involving different immunolo-
gical, metabolic and inflammatory mechanisms of fatigue. Owing to the subjective nature of this symptom, its diagnosis is still very 
limited and is still based only on diagnostic questionnaires. Although several therapeutic agents have been used in the past to try to 
influence fatigue in MS patients, no single effective approach for the treatment of fatigue has yet been found. This review article aims 
to provide the reader with information on the current theories on the origin and mechanism of fatigue in MS, as well as diagnostic 
procedures and, finally, current therapeutic strategies for the management of fatigue in MS patients. 
Keywords: fatigue, multiple sclerosis, orexin, sleep disturbances, physical activity, amantadine

Introduction
Multiple sclerosis (MS) is a chronic progressive demyelinating disease of the central nervous system (CNS), and is the 
most common cause of chronic neurological disability in young adults.1 Typical symptoms are visual disturbances, 
sensory and motor deficits, vertigo, and cerebral and autonomic disturbances.2

Fatigue is one of the most commonly reported symptoms during MS outpatient follow-up.3 Looking at the reported 
prevalence of this symptom in the available studies, we find that fatigue affects between 52% and 90% of people living 
with MS.4

The exact pathophysiology of MS-related fatigue is not fully understood, but it is thought to be multifactorial and may 
involve both physical and psychological factors. Studies suggest that MS-related fatigue may be caused by abnormalities 
in the structure and function of the CNS, including damage to the myelin sheath, altered neurotransmitter function and 
impaired cellular metabolism.5 Factors such as sleep disturbances, depression and physical deconditioning may also 
contribute to the development of fatigue in MS.6

Fatigue is a complex phenomenon that can profoundly impact an individual’s quality of life. It is characterized by 
a feeling of exhaustion, weakness and reduced energy.7

This article provides a comprehensive overview of the current pathophysiology of fatigue in MS, its diagnosis and 
treatment options. We systematically searched PubMed articles between January 2000 and January 2023 using the 
following search terms: (multiple sclerosis) AND (fatigue) AND (pathophysiology) AND (treatment) AND (diagnosis). 
In total, 393 results were obtained: 91 reviews and systematic reviews, 78 randomized controlled trials, no meta-analys 
es and 107 clinical trials. Only English-language manuscripts published in peer-reviewed journals were considered for 
inclusion, with the aim of including well-established, methodologically sound studies. The title, abstract and results of 
every article were searched to establish their links to MS-related fatigue. A total of 305 articles were excluded, mostly 
owing to their irrelevance to the article theme; therefore, a total of 88 articles were included.
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Fatigue Pathophysiology
The most common theories considered inflammation, endocrinopathies, and processes causing strategic white and gray 
matter lesions.

Immunological and Inflammatory Processes
White blood cells, especially lymphocytes, and their cytokine production play crucial roles in the development of MS and 
in relapse formation; therefore, both humoral and cellular mechanisms play their roles. However, immunological 
mechanisms can also play a significant role in MS-related fatigue, which is confirmed by numerous studies.8 Key 
players in that process are cytokines and their proinflammatory and anti-inflammatory interplay or cytokine networks, the 
most commonly mentioned of which are interleukin-6 (IL-6), IL-1 and interferons. Cellular immunity is also considered 
in fatigue pathogenesis, which involves especially monocytes and microglia.9 The most promising results are reported in 
case of IL-6 and tumor necrosis factor-α (TNF-α) elevation; however, studies exploring the association between 
inflammatory biomarkers and fatigue in MS have provided conflicting results. The fact that people with higher disease 
activity are more frequently and more severely affected by fatigue confirms the indisputable role of inflammation in 
fatigue pathogenesis. All study participants had experienced fatigue, depression and low desire for physical activity 
during infections and febrile states.10 Furthermore, some disease-modifying therapies, such as interferon-β (INF-β) and 
vaccinations are connected to fatigue through this mechanism.11–13

There are a few proposed biochemical mechanisms by which cytokines alter neuronal signaling and metabolism. One 
of them is via a change in monoaminergic signaling (mainly synthesis of the neurotransmitters dopamine and serotonin, 
which are important elements in motivation, reward pathways and arousal). This process is based on GTP-CH1- 
cyclohydrolase (GTP-CH1), an enzyme that is necessary for neopterin formation. Production of neopterin then lowers 
production of tetrahydrobiopterin. Tetrahydrobiopterin is a necessary cofactor in dopamine and serotonin production. 
Furthermore, cytokines activate indoleamine 2,3-dioxygenase (IDO), an enzyme that is necessary for tryptophan 
degradation; the degradation of tryptophan then reduces the amount available for serotonin biosynthesis. Low serotonin 
levels are the most commonly presumed mechanism for the development of depression, and depression is also linked to 
fatigue. Therefore, fatigue in MS and depression may have similarities that need to be explored in additional studies.12–14

Cytokines are, moreover, able to change the neuroendocrine system, in particular the hypothalamic–pituitary–adrenal 
(HPA) axis. In that case, the release of corticotropin-releasing hormone from the hypothalamus stimulates the production 
of adrenocorticotropin and, finally, cortisol. The possible role of cortisol in fatigue will be discussed in next the section of 
the article (see Endocrinopathy).15

Cytokines are also able to use circumventricular organs as a path to cross the blood–brain barrier and exert direct 
effects by linking on to specific neuronal receptors; for example, IL-6 has a direct effect on brain endothelial cells to 
produce prostaglandin E2. Lastly, immune mediators can trigger both central (microglia activation, projections to the 
thalamus and solitary tract) and peripheral (fever) immune processes. This neural immune-to-brain communication 
consists of mainly vagal afferents (that are activated by proinflammatory mediators); it is then transferred via the nucleus 
tractus solitarii to the ventromedial posterior thalamus and midinsular cortex. This interoceptive neural pathway is 
a crucial part of the immune-to-brain link during fever behavior, and is also a key element of metacognitive hypotheses 
of fatigue. By this pathway, peripheral immunological processes can regulate HPA axis activation (thus bringing together 
the immunological and endocrinopathic theories of fatigue).16,17

Another proposed key molecule in fatigue pathogenesis is orexin, which is a neuropeptide produced in the neuronal 
formation of the lateral hypothalamus. Orexin has a crucial role in vigilance and arousal (which is why it plays a major 
role in the pathogenesis of narcolepsy). It plays various roles, for example in the regulation of the sleep–wake cycle, 
reward pathways and food intake.18 Animal studies suggest that inflammation-related lethargy is caused by low orexin 
neuronal activity induced by IL-1β and TNF-α activity, and that orexin levels correlate with levels of arousal and 
searching behavior. However, when researchers studied correlations between orexin levels in cerebrospinal fluid and 
fatigue, contradictory results were obtained.19–21
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Endocrinopathy
Another proposed pathophysiological concept is endocrinopathy. Nowadays, we have enough evidence from other 
autoimmune disorders to show that endocrinological factors play a significant role in fatigue pathogenesis. The most 
commonly mentioned of these are low cortisol and dehydroepiandrostendione (DHEAS) levels in diseases such as 
chronic fatigue syndrome, lupus erythematodes and rheumatoid arthritis.20–22 Whereas cortisol levels give conflicting 
results across studies, the finding of lowered DHEAS levels is a promising area for further research. Many MS patients 
taking corticosteroids report increased energy and less fatigue, which could also support a potential hormonal influence; 
however, because of their long-term adverse effects, corticosteroids are not a treatment of choice for chronic fatigue.23

The role of the HPA axis was mentioned in the previous section of this article (Immunological and Inflammatory 
Processes), in the context of cytokine activity. Hyperactivity of the HPA axis alone is not sufficient to prevent disease 
development; however, its hypoactivity could be linked to a severe clinical course of the disease, with a higher number of 
brain gadolinium-enhancing lesions.24,25 Moreover, higher disease activity could be linked to more severe fatigue in the 
same matter, as in rheumatoid arthritis and chronic fatigue syndrome.26

Another important player is the thyroid gland and its hormones, thyroxine and triiodothyronine. Fatigue is the most 
commonly reported symptom of autoimmune disorders of the thyroid gland, especially with regard to its hypofunction. 
Thyroid hormones play significant roles in the vast majority of metabolic pathways and most importantly in 
energy metabolism, as they increase the number of mitochondria, Na+/K+-ATPase systems, glucose absorption, gluco-
neogenesis and lipolysis, as well as the basal metabolic rate.27 MS and hypothyroidism share similar symptoms of muscle 
weakness, fatigue and depression; therefore, the possibility of coexisting hypothyroidism could be overlooked. Thyroid 
gland disorders are seen more frequently in MS patients than in the general population, which supports the concept of 
polyautoimmunity in people with certain variants of the human leukocyte antigen (HLA) system, for example, HLA- 
DRB1*15:01, which multiplies the risk by about three times.28–30 Thyroid dysfunction could also be induced by 
treatment, most commonly by the induction of antithyroid antibodies; this may be caused by treatment with INF-β. 
This complication could affect up to 8.3% of patients treated with INF-β, as stated in a study conducted by Durreli et al.30

Strategic White and Gray Matter Lesions
White matter lesions disseminated in space and time are a necessary part of the revised McDonald criteria.31 They are the 
result of demyelination and inflammation and, when left untreated, they lead to axonal damage and progressive 
neurodegeneration. However, in MS it is also possible to see gray matter lesions resulting from cortical demyelination 
due to subpial inflammation, retrograde neuronal degeneration and other degenerative mechanisms resulting from 
oxidative stress and glutamate excitotoxicity.32 As we know from available volumetric studies, a higher lesion load 
leads to regional and whole brain atrophy, and some studies have found possible correlations between the level of brain 
atrophy and fatigue.33,34

White Matter Lesions
Many studies have investigated correlations between lesion localization and degree of fatigue, with conflicting results. 
Such conflicting results could be due to different study methodology, and especially the use of different magnetic 
resonance imaging (MRI) machines with different magnetic field strengths, but they could also be caused by global lesion 
load rather than precise lesion localization.33,35,36

The association of fatigue with specific white matter lesions may be caused by diminished synaptic connectivity (due 
to neural network impairment), which then leads to a slowing of the conduction speed and reduced reliability of axonal 
transmission.37,38 The drug fampridine is thought to improve conduction velocity by blocking voltage-dependent 
potassium channels, and could be used as an agent for treating fatigue.39

Another proposed explanation is the disruption of communication within special nerve centers that have a connection 
to fatigue, especially with regard to motor planning and execution. Damage to these centers leads to the disruption of the 
smooth and direct performance of desired activities, and therefore may make them more energy demanding. Diffusion- 
weighted imaging studies show that white matter lesion and fatigue levels can be correlated with lesions in the internal 
capsule and anterior thalamic tract. Another possibility is damage to the arousal and motivation regions, especially to the 
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posterior hypothalamus and mesencephalon. Almost all of these regions share the same monoaminergicneurotransmitter 
systems, which could also be a link between all of these centers and their relationship with fatigue.40,41

Gray Matter Lesions
Gray matter lesions are dispersed diffusely in MS.42 Neuropathological studies propose a higher occurrence of lesion in 
regions with deep invaginations, such as the insular and anterior cingulate cortex, areas that are responsible for 
interoception. Damage to the gray matter cortex occurs through oxidative stress (reactive oxygen and nitrogen species) 
and retrograde neurodegeneration due to damage to the nerve terminals. Regarding subcortical regions, the most 
commonly affected structures are the thalamus, basal ganglia, amygdala, substantia nigra and hypothalamus (regions 
associated mainly with movement disorders).43,44

As in the case of white matter lesions, there are a few possible explanations for the connection of fatigue with gray 
matter lesions. First, these lesions alter neuronal connectivity and neural functional networks, thereby impairing the 
performance of gentle and precise movements. With this impairment, there is a necessity for additional compensatory or 
corrective measures, which cost additional energy. This theory is part of the metacognitive theory of fatigue.45,46

Another suggested explanation is that damage to deeply localized structures is closely related to vigilance, arousal and 
motivation. The role of the hypothalamus in this process is stated in most available studies. The hypothalamus is a frequent 
target in MS and its role in homeostasis and orexin production is an important part of many fatigue theories. (The function of 
orexin in fatigue was mentioned earlier in this article, in the section “Immunological and Inflammatory Processes”.)47,48

The third possibility is damage to the brainstem, especially lesions of dopaminergic, serotonergic or noradrenergic 
nuclei in the brainstem, and the subsequent reduction of these neurotransmitters in the cortex, which then leads to 
reductions in motivation and mood, which are typical in depression and fatigue.

Lastly, hypothalamic nuclei are closely related to the HPA axis. Damage to this system leads to disruption of 
endocrinological control. Lesions of the paraventricular nuclei of the hypothalamus may interrupt autonomic nervous 
system balance. This, in summary, could cause fatigue directly, for example, owing to a diminished energy supply or 
hypotension; or by the perception of prolonged dyshomeostasis.49,50

Maladaptive Network Recruitment During Task Performance
Functional imaging techniques have shown an increase in distributed brain activity during task performance in MS 
patients with fatigue and in healthy individuals, and the same can also be observed in the cervical spinal cord. In addition, 
impaired or failed physiological adaptation to activity can be seen in fatigued MS patients.51

A possible explanation for this may be linked to neural network impairment, which could be caused by structural 
lesions of the brain/cervical cord, or impairment due to inflammation or neurodegeneration. Therefore, for MS patients to 
achieve the same results as healthy controls, there is a necessity for compensatory recruitment of adjacent neural tissue, 
the use of alternative working pathways or higher activation of impaired networks. All of these measures are highly 
energy demanding and may lead to people becoming more easily fatigued.52

Another possible theory involves the impairment of neuromodulatory projections of the brainstem and therefore 
altered neurotransmitter production. This may lead to functional reorganization to maintain functioning cortical networks; 
these neuromodulatory neurotransmitters influence cortical activity and connectivity throughout the afterhyperpolariza-
tion current mediated by calcium-dependent potassium channels, and they can change synaptic plasticity through the 
activation of NMDA receptors. This functional reorganization has been observed in various human and animal studies, 
with most information coming from the study of stroke.53,54

Secondary Fatigue
So far, we have discussed primary mechanisms of fatigue; however, fatigue in MS is mostly secondary. The most 
commonly suggested factors are adverse effects of medication, sleep disorders and depression.

The most frequent causes of secondary fatigue are sleep disturbances, especially early awakening and problems with 
falling asleep. Patients may not perceive sleeping problems themselves; such problems are mainly reported by patients’ 
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life partners. Partners tend to initially report problems such as somnambulism, restless legs syndrome (RLS) or snoring. 
All of these conditions alter sleep quality, although they are easily treatable.

RLS affects about 10% of the general population,55 and may affect approximately three to five times more people 
with MS than in the general population.56 The pathophysiology of this disorder in MS is poorly understood. Some 
authors propose a correlation between spinal pathology and RLS, most commonly impairment of the dopaminergic 
pathways in the spinal cord. Dysfunction of these dopaminergic pathways could decrease sensory thresholds and increase 
the susceptibility to RLS.57 This hypothesis is supported by a study from Zhu et al, utilizing spinal cord diffusion tensor 
imaging in MS patients with and without RLS, which found that axonal integrity is lower in MS patients with RLS than 
in those without RLS.58 Another causal factor could be iron deficiency, which is underestimated in general and especially 
in the female population. In addition, RLS could be the first symptom of iron deficiency anemia.59

Another possibility could be sleep-related breathing disorders, which are more common than previously thought, with 
an incidence varying between 0% and 87%. Lesions affecting brainstem respiratory centers in the reticular formation 
could lead to central apnea (Ondine’s curse).60–62 Another frequently seen disorder is obstructive sleep apnea. The most 
powerful risk factor for this disease is obesity, a problem that is often in encountered in the MS population: according to 
Russell et al, up to 67% of people with MS are overweight or obese.62 The prevalence of sleep apnea in MS patients 
varies considerably between studies (from 0% to 58%).63,64 There are a few main components that need to be taken into 
consideration to elucidate the pathophysiology; namely, an anatomically narrow or collapsible upper airway, insufficient 
upper airway dilator muscle responsiveness during sleep and a low respiratory arousal threshold.65,66 Therefore, sleep 
studies (polysomnography) could also help in fatigue management, especially because of the relatively high levels of 
obesity in this population.

Next in line could be chronic insomnia and circadian rhythm abnormalities. These problems may arise as 
a consequence of chronic pain, spasticity, depression, nocturia and medication effects. In addition, some medications 
could change the sleep architecture. The sleep studies that have studied sleep architecture and circadian rhythm 
variability in MS using polysomnography had small population sizes (Braley and Chervin included 48 MS patients 
with fatigue67 and Kaynak et al 37 MS patients60). Studies have shown that MS patients, regardless of their level of 
fatigue, had a significantly higher frequency of RLS, and higher scores on the Epworth Sleepiness Scale and Pittsburgh 
Sleep Quality Index. The time in bed, waking time after sleep onset, total arousal index, limb movement arousal index 
and periodic limb movement arousal index was increased compared to healthy controls.61,68

Fatigue may also be mimicked by depression, and many psychiatric studies have found a correlation between fatigue and 
depression severity. Depression and anxiety disorders often accompany MS; for example, a meta-analysis by Boeschoten et al 
reported this phenomenon in over 50% of MS patients (30.5% depression and 22.1% anxiety).68 Patrick et al found 
a significant correlation between the level of fatigue and the severity of depression in MS patients.69,70

Lastly, fatigue may be caused by the adverse effects of drugs. Many drugs used in MS-related symptom management 
include fatigue in their adverse effects sheet; these are mostly benzodiazepines (diazepam, oxazepam) and myorelaxans 
(baclofen, tizanidine), which are used for spasticity or tremor and for sleep disturbances.71 Another drug group that can 
cause fatigue and sleepiness is painkillers, and especially opioids (most frequently tramadol, dihydrocodeine or 
oxycodone), which are used also for radiculopathies and neuropathies, which are more common in MS patients than 
in the general population.72 Fatigue may also be induced by disease-modifying drugs such as interferon; on the other 
hand, natalizumab and glatiramer acetate (GA) are thought to reduce fatigue.73,74

Diagnosis of Fatigue
At this point, it is necessary to admit that despite more than 100 years of ongoing research, we still do not have a tool to 
objectively measure fatigue.

The diagnosis of fatigue is complicated and carries a burden of high subjectivity because it is based almost entirely on 
validated questionnaires, which were invented primarily for diseases such as myalgic encephalomyelitis/chronic fatigue 
syndrome or for rheumatological disorders such as lupus erythematodes. In 2004, Dittner et al proposed the most 
comprehensive review of available diagnostic questionnaires.75 A few pivotal studies have used functional neuroimaging 
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as a tool for the study of fatigue; however, its use in clinical practice is still in its infancy.74 The use of MRI techniques in 
fatigue is mostly limited to the study of fatigue pathophysiology, rather than in clinical practice.

Braley and Chervin, in their work from 2010, proposed a simplified algorithm for the diagnosis of fatigue in MS 
patients (Figure 1).76

Validated Questionnaires
Currently, questionnaires are the only validated tools available for objectifying fatigue in MS. There are many available 
questionnaires, such as the Modified Fatigue Impact Scale, Rochester Fatigue Diary, Fatigue Descriptive Scale, Fatigue 
Impact Scale, Fatigue Assessment Instrument, Single-Item Visual Analog Scale of Fatigue and Fatigue Severity Scale. 
Each questionnaire has its own advantages and limitations. In this article, we discuss the three most commonly used 
questionnaires in clinical studies of MS related fatigue.

Modified Fatigue Impact Scale (MFIS)
This scale is derived from the 40-item Fatigue Impact Scale (FIS) and contains only 21 items. It evaluates several fatigue 
domains: physical (nine items), psychosocial (two items) and cognitive (10 items), and the total score is calculated from 
the sum of the points scored in its subdomains. Administration of this test takes only approximately 5–10 minutes, so it is 
easy to administer, and it focuses on the ways in which MS-related fatigue affects everyday life. However, the MFIS as 
an outcome measure also has limitations owing to its simplicity, and studies have reported limitations in interpreting the 
scores, as stated by Mills et al.77 The interpretations of studies using this measurement tool need to be re-evaluated 
because it does not consider the possible effects of confounding variables, specifically depression, on MFIS scores, which 
may lead to misinterpretation of the results of uncontrolled studies. The biggest limitation regarding MFIS score 
interpretation is the lack of objective pillars.6,78

Figure 1 Simplified algorithm for diagnosis and treatment of fatigue in MS patients. 
Note: Reprinted from Braley TJ, Chervin RD. Fatigue in multiple sclerosis: mechanisms, evaluation, and treatment. Sleep. 2010;33(8):1061–1067, by permission of Oxford 
University Press.76 

Abbreviations: MS, multiple sclerosis; RLS, restless legs syndrome; ESS, Epworth Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index.
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Fatigue Severity Scale (FSS – Krupp)
This scale was initially designed for both MS and lupus patients, and in contrast to other scales, it focuses mainly on the 
physical domain. It has nine questions, which are scored from 1 to 7 (1 = strong disagreement and 7 = strong agreement); 
therefore, total scores are between 9 and 36 points, with more points indicating higher fatigue. As proposed by Rosti- 
Otajärvi et al and Valko et al, the main limitation of this scale is the possible misinterpretation of scores caused by 
unrecognized confounding factors, mainly depression.79,80

Chalder Fatigue Scale
This scale is one of the most frequently used fatigue scales in the world and was originally designed for patients with chronic 
fatigue syndrome; however, it was soon used in various other diagnoses. The scale consists of 11 items scored from 1 to 3 points, 
with a maximum of 33 points (more points indicate more severe fatigue). This scale has many limitations, the most discussed of 
which is its ceiling effect, because patients with myalgic encephalomyelitis/chronic fatigue syndrome often record the maximum 
score on most of the 11 questions. As a result, patients cannot indicate a worsening of their fatigue, which may influence the 
findings of randomized trials. In other words, if patients record the maximum score, and then half of them improve while the other 
half deteriorates during follow-up, then only the improvement will become visible on the questionnaire.81–83

Neuroimaging Techniques
As mentioned in “Strategic White and Gray Matter Lesions”, strategically placed lesions can be linked more frequently 
to fatigue. Current developments in the field of radiodiagnostics have helped in the more frequent use of quantitative 
techniques, including relaxometry, magnetization transfer imaging (MTI), diffusion tensor imaging (DTI), functional 
magnetic resonance imaging (fMRI) and magnetic resonance spectroscopy (MRS), all of which are used in the 
elucidation of MS-related fatigue pathophysiology; however, their use in the daily clinical diagnosis of MS-related 
fatigue is still limited.

Basic structural imaging using T2-weighted and contrast-enhanced T1 images is an essential tool for the clinical 
diagnosis of MS and further surveillance in patients with MS, and can also quantify lesion load, atrophy or cortical 
thinning. A paper by Arm et al, published in 2019, stated that the majority of performed studies failed to find a significant 
correlation between lesion load and the level of fatigue.84

Researchers have turned their attention to MRI volumetry, especially global brain volume and thalamus volume, 
which can be associated with the level of fatigue. Many studies have demonstrated a correlation between the level of 
brain atrophy and cognitive or motor fatigue. The strongest correlation was found in the occipital lobes (mainly the right 
superior/inferior occipital gyrus),85 temporal lobes, including the right inferior temporal gyrus (ITG), frontal lobe 
(dorsolateral prefrontal cortex [DLPFC], left superior frontal gyrus [SFG], right inferior frontal gyrus [IFG] and forceps 
major),86,87 parietal lobe, precuneus,85 primary sensorimotor area, including the precentral gyrus,88 supplementary motor 
area (SMA), such as the paracentral gyrus, bilateral precentral motor cortex and the brainstem. A combined positron 
emission tomography (PET)/MRI study performed by Gerache et al found a negative correlation between fatigue and 
GM atrophy in many areas of the frontal, temporal, parieto-occipital and bilateral thalami, and with the resting cerebral 
metabolic rate of glucose.89

DTI in assessments of MS-related fatigue found inverse correlations between fatigue scores and decreased fractional 
anisotropy (FA) and increased mean diffusivity values and radial diffusivity (MD/RD) in a range of brain regions, 
especially the right anterior thalamic radiation,34 right uncinate fasciculus and forceps minor,85 thalamus and basal 
ganglia,40 anterior internal capsule,32 inferior fronto-occipital fasciculus,90 corpus callosum,39 fibers between the poster-
ior hypothalamus and mesencephalon,91 and fronto-subcortical disconnections.92

Functional imaging performed by DeLuca et al and another study performed by Tartaglia et al suggested functional 
reorganization or unmasking of existing motor pathways in MS patients, which then leads to additional effort required to 
perform a task adequately, which subsequently uses more brain areas than in healthy subjects.92,93

In conclusion, as stated in the first part of this section, the use of these techniques is still limited to scientific and not 
clinical purposes.
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Treatment Strategies in Fatigue
Fatigue management remains challenging. Owing to the subjective nature of fatigue manifestations, symptoms of fatigue 
are often clinically overlooked during MS treatment. In clinical practice, MS-related fatigue should be assessed and 
managed by a multidisciplinary team, involving neurologists, MS nurses, occupational therapists and physiotherapists. 
This team will also identify the best combination of therapeutic options for each individual, based on the severity of the 
fatigue and the presence of comorbidities.94

Influence of the Basic MS Treatment on Fatigue
Several studies have demonstrated an improvement in fatigue with both background therapy with INF-β and GA.72 GA 
seems to reduce fatigue more than INF-β; however, since the studies were not designed as comparative, no reliable 
statement can be made on this. There is still a lack of randomized studies with fatigue as an endpoint in this context.95

The effect of natalizumab on fatigue cannot be clearly estimated based on the current studies.96 So far, there is no 
evidence of any relief of fatigue under therapy with teriflunomide.97

Calkwood et al reported a significant alleviation of fatigue after switching therapy from INF-β1a or INF-β1b to 
fingolimod.97 Since there are no placebo-controlled studies with fatigue as the primary endpoint, the available data 
should be interpreted with caution. In summary, the study situation suggests that fatigue can be alleviated under therapy 
with GA and interferons, although the effect appears to be more pronounced under GA.98

Pharmacotherapy
No specific drugs have fatigue as a specific indication, and many drugs have been repurposed in the past few decades to 
pharmacologically manage MS fatigue.

Currently, different pharmacological agents are used for the treatment for fatigue in patients with MS, including 
amantadine, modafinil and pemoline.99,100 Of these, the most commonly used is amantadine. Its main mechanism of 
action is not yet fully understood, although its effects on fatigue seem to be related to its dopaminergic effects, supporting 
the dopamine imbalance theory for MS-related fatigue.101 In general, all trials that compared amantadine with placebo 
showed a significant effect of amantadine on fatigue. However, the results of these trials need to be interpreted with 
caution because of the low number of participants included in the trials and the short duration of the interventions.8 The 
daily dose of amantadine used in all published studies was 200 mg, which is the standard amount administered today. 
Amantadine is the only oral treatment that is currently recommended by the National Institute for Health and Care 
Excellence (NICE) for the treatment of MS-related fatigue.102

Yang et al found that acetyl-L-carnitine may have the same therapeutic effect as amantadine. However, it should be 
kept in mind that the number of respondents in the studies included in their review is too small to definitively make this 
statement. The mechanism of acetyl-L-carnitine (ALC) potentially offers neuroprotective benefits and improves mito-
chondrial energetics and function.103

Modafinil, a drug currently approved for the treatment of attention-deficit hyperactivity disorder (ADHD) and 
narcolepsy, has also been frequently evaluated in clinical trials for patients with MS-related fatigue.8 A randomized 
placebo-controlled trial in 2009 evaluated the effect of modafinil in 21 patients with MS. Modafinil administered for 8 
weeks had a significant effect not only on fatigue scores but also on an upper limb motor task and cognitive tests. It also 
resulted in an increase in the amplitudes of motor-evoked potentials, suggesting that modafinil may have an effect at the 
level of motor cortex function.104 On the other hand, a methodologically similar study with a larger number of 
respondents showed negative results.105 Thus, the overall evidence supporting the effect of modafinil on MS-related 
fatigue is weak, and in the last edition of the NICE guidelines modafinil was not included as a recommended treatment 
for MS-related fatigue.102

Other pharmacological approaches have also been mentioned in the literature, such as intramuscular injections with 
vitamin B12. However, the NICE guidelines recommend not offering drugs to treat MS-related fatigue if scientific 
evidence is lacking.102
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Non-Pharmacological Treatment
Non-pharmacological interventions can be divided into physical, psychological/cognitive and mixed approaches.

Physical Approaches
One of the most frequently assessed physical approaches is aerobic exercise. For example, a trial by Garrett et al showed 
beneficial effects on MS fatigue for aerobic exercise compared to placebo. This trial compared physiotherapist-led 
exercise, fitness instructor-led exercise, yoga and placebo (patients without intervention), and showed that all three 
interventions were effective (compared with placebo) in alleviating fatigue.106 Another study found an association 
between the decrease in fatigue levels after regular exercise in patients with MS and changes in the expression of 
genes related to modulation of the systemic response to interferon. Although the results of this study need to be replicated 
in larger cohorts, it provides a possible biological explanation for the beneficial effect of exercise in MS.107 The study by 
Hebert et al provides strong evidence of the positive effect of vestibular rehabilitation in reducing fatigue in MS patients 
and in maintaining upright posture. The large treatment effects occurred after a relatively short intervention period, 
suggesting that vestibular rehabilitation is a viable treatment option for patients with MS who experience fatigue and 
impaired upright postural control.108,109

Psychological/Cognitive Approaches
Mindfulness interventions, cognitive behavioral therapy and fatigue management programs are effective in the treatment 
of fatigue. Cognitive–behavioral therapy aims to address the behavior of people with MS in order to improve their levels 
of fatigue. Its efficacy has been proved in several studies, either alone or in the context of more comprehensive 
programs with other non-pharmacological approaches.102 Fatigue management approaches try to help patients to save 
energy through the implementation of different strategies, such as work simplification or the use of labor-saving and 
ergonomic equipment. Mindfulness-based interventions are derived from Buddhist practice and have been used for 
a number of psychological and somatic conditions, including MS-related fatigue. For that reason, their use is currently 
recommended by the NICE guidelines, among other psychological approaches.102

Conclusion
Fatigue is one of the most commonly reported symptoms during MS outpatient follow-up, affecting between 52% and 
90% of patients. The exact pathophysiology of MS-related fatigue is not fully understood, but it is thought to be 
multifactorial and may involve both physical and psychological factors. The most commonly proposed theories deal with 
immunological and inflammatory mechanisms; these theories link fatigue to the production of cytokines that alter 
neuronal signaling and metabolism.

Endocrinopathies and hormonal imbalances should also be mentioned, and especially the role of low cortisol and 
DHEAS levels. Current pathophysiological studies concentrate, however, on orexin, which may play a crucial role in 
fatigue perception. Damage to certain brain regions in the gray and white matter may also be linked to fatigue. During the 
diagnostic process, secondary causes of fatigue, mainly adverse effects of medication, sleep disorders and depression, 
should also be excluded.

The diagnosis and verification of the degree of fatigue in MS are complicated and based on the subjective assessment 
of the patient, as they are still based only on diagnostic questionnaires. So far, there are no validated biomarkers that can 
demonstrate or quantify the level of fatigue in MS. The search for such biomarkers should be an avenue for further 
research in this field.

Treatment of fatigue in MS is limited because of the low number of case–control studies comparing drugs with 
placebo. The most promising results have been observed with fampridine and with non-pharmacological treatment, such 
as physiotherapy, cognitive–behavioral therapy or mindfulness.

Although fatigue is a frequent and debilitating symptom of MS, knowledge of its pathophysiology, diagnosis and 
treatment is very limited. Given these limitations, further research in this field will be needed in the future.

Neuropsychiatric Disease and Treatment 2023:19                                                                              https://doi.org/10.2147/NDT.S429862                                                                                                                                                                                                                       

DovePress                                                                                                                       
2493

Dovepress                                                                                                                                                           Zimek et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Disclosure
The authors report no conflicts of interest in this work.

References
1. Khan F, Amatya B, Galea M. Management of fatigue in persons with multiple sclerosis. Front Neurol. 2014;5. doi:10.3389/fneur.2014.00177
2. Brownlee WJ, Hardy TA, Fazekas F, Miller DH. Diagnosis of multiple sclerosis: progress and challenges. Lancet. 2017;389(10076):1336–1346. 

doi:10.1016/S0140-6736(16)30959-X
3. Ayache SS, Serratrice N, Abi Lahoud GN, Chalah MA. Fatigue in multiple sclerosis: a review of the exploratory and therapeutic potential of 

non-invasive brain stimulation. Front Neurol. 2022;13:813965. doi:10.3389/fneur.2022.813965
4. Nagaraj K, Taly AB, Gupta A, Prasad C, Christopher R. Prevalence of fatigue in patients with multiple sclerosis and its effect on the quality of 

life. J Neurosci Rural Pract. 2013;04(03):278–282. doi:10.4103/0976-3147.118774
5. Oliva Ramirez A, Keenan A, Kalau O, Worthington E, Cohen L, Singh S. Prevalence and burden of multiple sclerosis-related fatigue: 

a systematic literature review. BMC Neurol. 2021;21(1):468. doi:10.1186/s12883-021-02396-1
6. Gumus H. Fatigue can be objectively measured in multiple sclerosis. Arch Neuropsychiatry. 2018. doi:10.29399/npa.23396
7. Billones R, Liwang JK, Butler K, Graves L, Saligan LN. Dissecting the fatigue experience: a scoping review of fatigue definitions, dimensions, 

and measures in non-oncologic medical conditions. Brain Behav Immun Health. 2021;15:100266. doi:10.1016/j.bbih.2021.100266
8. Tur C. Fatigue management in multiple sclerosis. Curr Treat Options Neurol. 2016;18(6):26. doi:10.1007/s11940-016-0411-8
9. Patejdl R, Penner IK, Noack TK, Zettl UK. Multiple sclerosis and fatigue: a review on the contribution of inflammation and immune-mediated 

neurodegeneration. Autoimmun Rev. 2016;15(3):210–220. doi:10.1016/j.autrev.2015.11.005
10. Stampanoni Bassi M, Iezzi E, Landi D, et al. Delayed treatment of MS is associated with high CSF levels of IL-6 and IL-8 and worse future 

disease course. J Neurol. 2018;265(11):2540–2547. doi:10.1007/s00415-018-8994-5
11. Dantzer R, Kelley KW. Twenty years of research on cytokine-induced sickness behavior. Brain Behav Immun. 2007;21(2):153–160. 

doi:10.1016/j.bbi.2006.09.006
12. Capuron L. Neurobehavioral effects of interferon-α in cancer patients phenomenology and paroxetine responsiveness of symptom dimensions. 

Neuropsychopharmacology. 2002;26(5):643–652. doi:10.1016/S0893-133X(01)00407-9
13. Heesen C. Fatigue in multiple sclerosis: an example of cytokine mediated sickness behaviour? J Neurol Neurosurg Psychiatry. 2006;77 

(1):34–39. doi:10.1136/jnnp.2005.065805
14. Capuron L, Schroecksnadel S, Féart C, et al. Chronic low-grade inflammation in elderly persons is associated with altered tryptophan and 

tyrosine metabolism: role in neuropsychiatric symptoms. Biol Psychiatry. 2011;70(2):175–182. doi:10.1016/j.biopsych.2010.12.006
15. Pace TWW, Miller AH. Cytokines and glucocorticoid receptor signaling: relevance to major depression. Ann N Y Acad Sci. 2009;1179 

(1):86–105. doi:10.1111/j.1749-6632.2009.04984.x
16. Goehler LE, Gaykema RPA, Hansen MK, Anderson K, Maier SF, Watkins LR. Vagal immune-to-brain communication: a visceral chemosen-

sory pathway. Auton Neurosci. 2000;85(1–3):49–59. doi:10.1016/S1566-0702(00)00219-8
17. Critchley HD, Harrison NA. Visceral Influences on Brain and Behavior. Neuron. 2013;77(4):624–638. doi:10.1016/j.neuron.2013.02.008
18. Bonvalet M, Ollila HM, Ambati A, Mignot E. Autoimmunity in narcolepsy. Curr Opin Pulm Med. 2017;23(6):522–529. doi:10.1097/MCP.00000 

00000000426
19. Grossberg AJ, Zhu X, Leinninger GM, et al. Inflammation-induced lethargy is mediated by suppression of orexin neuron activity. J Neurosci. 

2011;31(31):11376–11386. doi:10.1523/JNEUROSCI.2311-11.2011
20. Papuć E, Zbigniew S, Paweł G, Konrad R. CSF hypocretin-1 concentrations correlate with the level of fatigue in multiple sclerosis patients. 

Neurosci Lett. 2010;474(1):9–12. doi:10.1016/j.neulet.2010.02.062
21. Constantinescu CS, Niepel G, Patterson M, et al. Orexin A (hypocretin-1) levels are not reduced while cocaine/amphetamine regulated 

transcript levels are increased in the cerebrospinal fluid of patients with multiple sclerosis: no correlation with fatigue and sleepiness. 
J Neurol Sci. 2011;307(1–2):127–131. doi:10.1016/j.jns.2011.04.024

22. Cleare AJ. The neuroendocrinology of chronic fatigue syndrome. Endocr Rev. 2003;24(2):236–252. doi:10.1210/er.2002-0014
23. Chen CCG, Parker CR. Adrenal androgens and the immune system. Semin Reprod Med. 2004;22(04):369–377. doi:10.1055/s-2004-861553
24. Schumann EM, Kümpfel T, Then Bergh F, Trenkwalder C, Holsboer F, Auer DP. Activity of the hypothalamic–pituitary–adrenal axis in 

multiple sclerosis: correlations with gadolinium-enhancing lesions and ventricular volume. Ann Neurol. 2002;51(6):763–767. doi:10.1002/ 
ana.10187

25. Versteeg GA, Ten Klooster PM, Van De Laar MAFJ. Fatigue is associated with disease activity in some, but not all, patients living with 
rheumatoid arthritis: disentangling “between-person” and “within-person” associations. BMC Rheumatol. 2022;6(1):3. doi:10.1186/s41927-021- 
00230-2

26. Tanriverdi F, Karaca Z, Unluhizarci K, Kelestimur F. The hypothalamo–pituitary–adrenal axis in chronic fatigue syndrome and fibromyalgia 
syndrome. Stress. 2007;10(1):13–25. doi:10.1080/10253890601130823

27. Rashad NM, Amer MG, Reda Ashour WM, Hassanin HM. The pattern of thyroiditis in multiple sclerosis: a cross-sectional study in a tertiary 
care hospital in Egypt. Egypt J Intern Med. 2020;32(1):17. doi:10.1186/s43162-020-00017-w

28. Niederwieser G, Buchinger W, Bonelli RM, et al. Prevalence of autoimmune thyroiditis and non-immune thyroid disease in multiple sclerosis. 
J Neurol. 2003;250(6):672–675. doi:10.1007/s00415-003-1053-9

29. Hollenbach JA, Oksenberg JR. The immunogenetics of multiple sclerosis: a comprehensive review. J Autoimmun. 2015;64:13–25. doi:10.1016/ 
j.jaut.2015.06.010

30. Durelli L, Ferrero B, Oggero A, et al. Thyroid function and autoimmunity during interferon β-1b treatment: a multicenter prospective study. 
J Clin Endocrinol Metab. 2001;86(8):3525–3532. doi:10.1210/jcem.86.8.7721

31. Thompson AJ, Banwell B, Barkhof F, et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol. 2018;17 
(2):162–173. doi:10.1016/S1474-4422(17)30470-2

https://doi.org/10.2147/NDT.S429862                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2023:19 2494

Zimek et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3389/fneur.2014.00177
https://doi.org/10.1016/S0140-6736(16)30959-X
https://doi.org/10.3389/fneur.2022.813965
https://doi.org/10.4103/0976-3147.118774
https://doi.org/10.1186/s12883-021-02396-1
https://doi.org/10.29399/npa.23396
https://doi.org/10.1016/j.bbih.2021.100266
https://doi.org/10.1007/s11940-016-0411-8
https://doi.org/10.1016/j.autrev.2015.11.005
https://doi.org/10.1007/s00415-018-8994-5
https://doi.org/10.1016/j.bbi.2006.09.006
https://doi.org/10.1016/S0893-133X(01)00407-9
https://doi.org/10.1136/jnnp.2005.065805
https://doi.org/10.1016/j.biopsych.2010.12.006
https://doi.org/10.1111/j.1749-6632.2009.04984.x
https://doi.org/10.1016/S1566-0702(00)00219-8
https://doi.org/10.1016/j.neuron.2013.02.008
https://doi.org/10.1097/MCP.0000000000000426
https://doi.org/10.1097/MCP.0000000000000426
https://doi.org/10.1523/JNEUROSCI.2311-11.2011
https://doi.org/10.1016/j.neulet.2010.02.062
https://doi.org/10.1016/j.jns.2011.04.024
https://doi.org/10.1210/er.2002-0014
https://doi.org/10.1055/s-2004-861553
https://doi.org/10.1002/ana.10187
https://doi.org/10.1002/ana.10187
https://doi.org/10.1186/s41927-021-00230-2
https://doi.org/10.1186/s41927-021-00230-2
https://doi.org/10.1080/10253890601130823
https://doi.org/10.1186/s43162-020-00017-w
https://doi.org/10.1007/s00415-003-1053-9
https://doi.org/10.1016/j.jaut.2015.06.010
https://doi.org/10.1016/j.jaut.2015.06.010
https://doi.org/10.1210/jcem.86.8.7721
https://doi.org/10.1016/S1474-4422(17)30470-2
https://www.dovepress.com
https://www.dovepress.com


32. Rocca MA, Parisi L, Pagani E, et al. Regional but not global brain damage contributes to fatigue in multiple sclerosis. Radiology. 2014;273 
(2):511–520. doi:10.1148/radiol.14140417

33. Marrie RA, Fisher E, Miller DM, Lee JC, Rudick RA. Association of fatigue and brain atrophy in multiple sclerosis. J Neurol Sci. 2005;228 
(2):161–166. doi:10.1016/j.jns.2004.11.046

34. Bester M, Lazar M, Petracca M, et al. Tract-specific white matter correlates of fatigue and cognitive impairment in benign multiple sclerosis. 
J Neurol Sci. 2013;330(1–2):61–66. doi:10.1016/j.jns.2013.04.005

35. Nourbakhsh B, Azevedo C, Nunan-Saah J, et al. Longitudinal associations between brain structural changes and fatigue in early MS. Mult Scler 
Relat Disord. 2016;5:29–33. doi:10.1016/j.msard.2015.10.006

36. Compston A. From The Archives. Brain. 2011;134(7):1872–1876. doi:10.1093/brain/awr150
37. Snooks SJ, Swash M. Motor conduction velocity in the human spinal cord: slowed conduction in multiple sclerosis and radiation myelopathy. 

J Neurol Neurosurg Psychiatry. 1985;48(11):1135–1139. doi:10.1136/jnnp.48.11.1135
38. Broicher SD, Filli L, Geisseler O, et al. Positive effects of fampridine on cognition, fatigue and depression in patients with multiple sclerosis 

over 2 years. J Neurol. 2018;265(5):1016–1025. doi:10.1007/s00415-018-8796-9
39. Hanken K, Eling P, Kastrup A, Klein J, Hildebrandt H. Integrity of hypothalamic fibers and cognitive fatigue in multiple sclerosis. Mult Scler 

Relat Disord. 2015;4(1):39–46. doi:10.1016/j.msard.2014.11.006
40. Genova HM, Rajagopalan V, DeLuca J, et al. Examination of cognitive fatigue in multiple sclerosis using functional magnetic resonance 

imaging and diffusion tensor imaging. PLoS One. 2013;8(11):e78811. doi:10.1371/journal.pone.0078811
41. Calabrese M, Favaretto A, Martini V, Gallo P. Grey matter lesions in MS: from histology to clinical implications. Prion. 2013;7(1):20–27. 

doi:10.4161/pri.22580
42. Haider L, Zrzavy T, Hametner S, et al. The topography of demyelination and neurodegeneration in the multiple sclerosis brain. Brain. 2016;139 

(3):807–815. doi:10.1093/brain/awv398
43. Bo L, Geurts JJG, Mork SJ, Valk P. Grey matter pathology in multiple sclerosis. Acta Neurol Scand. 2006;113(s183):48–50. doi:10.1111/j.1600- 

0404.2006.00615.x
44. Huang J, Li M, Li Q, et al. Altered functional connectivity in white and gray matter in patients with multiple sclerosis. Front Hum Neurosci. 

2020;14:563048. doi:10.3389/fnhum.2020.563048
45. Soares JM, Conde R, Magalhães R, et al. Alterations in functional connectivity are associated with white matter lesions and information 

processing efficiency in multiple sclerosis. Brain Imaging Behav. 2021;15(1):375–388. doi:10.1007/s11682-020-00264-z
46. Burfeind KG, Yadav V, Marks DL. Hypothalamic dysfunction and multiple sclerosis: implications for fatigue and weight dysregulation. Curr 

Neurol Neurosci Rep. 2016;16(11):98. doi:10.1007/s11910-016-0700-3
47. Pallais J, Kotz C, Stanojlovic M. Orexin/hypocretinin in multiple sclerosis and experimental autoimmune encephalomyelitis. Neural Regen Res. 

2020;15(6):1039. doi:10.4103/1673-5374.270310
48. Flachenecker P, Rufer A, Bihler I, et al. Fatigue in MS is related to sympathetic vasomotor dysfunction. Neurology. 2003;61(6):851–853. 

doi:10.1212/01.WNL.0000080365.95436.B8
49. Kantorová E, Poláček H, Bittšanský M, et al. Hypothalamic damage in multiple sclerosis correlates with disease activity, disability, depression, 

and fatigue. Neurol Res. 2017;39(4):323–330. doi:10.1080/01616412.2016.1275460
50. Filippi M, Rocca MA, Colombo B, et al. Functional magnetic resonance imaging correlates of fatigue in multiple sclerosis. NeuroImage. 

2002;15(3):559–567. doi:10.1006/nimg.2001.1011
51. Tahedl M, Levine SM, Greenlee MW, Weissert R, Schwarzbach JV. Functional connectivity in multiple sclerosis: recent findings and future 

directions. Front Neurol. 2018;9:828. doi:10.3389/fneur.2018.00828
52. Gu Q. Neuromodulatory transmitter systems in the cortex and their role in cortical plasticity. Neuroscience. 2002;111(4):815–835. doi:10.1016/ 

S0306-4522(02)00026-X
53. Schoonheim MM, Meijer KA, Geurts JJG. Network collapse and cognitive impairment in multiple sclerosis. Front Neurol. 2015;6. doi:10.3389/ 

fneur.2015.00082
54. Flachenecker P, Kümpfel T, Kallmann B, et al. Fatigue in multiple sclerosis: a comparison of different rating scales and correlation to clinical 

parameters. Mult Scler J. 2002;8(6):523–526. doi:10.1191/1352458502ms839oa
55. Schürks M, Bussfeld P. Multiple sclerosis and restless legs syndrome: a systematic review and meta-analysis. Eur J Neurol. 2013;20 

(4):605–615. doi:10.1111/j.1468-1331.2012.03873.x
56. Guo S, Huang J, Jiang H, et al. Restless legs syndrome: from pathophysiology to clinical diagnosis and management. Front Aging Neurosci. 

2017;9:171. doi:10.3389/fnagi.2017.00171
57. Manconi M, Rocca MA, Ferini-Strambi L, et al. Restless legs syndrome is a common finding in multiple sclerosis and correlates with cervical 

cord damage. Mult Scler J. 2008;14(1):86–93. doi:10.1177/1352458507080734
58. Zhu XY, Wu TT, Wang HM, et al. Correlates of nonanemic iron deficiency in restless legs syndrome. Front Neurol. 2020;11:298. doi:10.3389/ 

fneur.2020.00298
59. Lin M, Krishnan AV, Eckert DJ. Central sleep apnea in multiple sclerosis: a pilot study. Sleep Breath. 2017;21(3):691–696. doi:10.1007/s11325- 

016-1442-9
60. Kaynak H, Altintaş A, Kaynak D, et al. Fatigue and sleep disturbance in multiple sclerosis. Eur J Neurol. 2006;13(12):1333–1339. doi:10.1111/ 

j.1468-1331.2006.01499.x
61. Braley TJ, Kratz AL, Kaplish N, Chervin RD. Sleep and cognitive function in multiple sclerosis. Sleep. 2016;39(8):1525–1533. doi:10.5665/ 

sleep.6012
62. Russell RD, Langer-Gould A, Gonzales EG, et al. Obesity, dieting, and multiple sclerosis. Mult Scler Relat Disord. 2020;39:101889. 

doi:10.1016/j.msard.2019.101889
63. Abdel Salam OA, Ghonimi NAM, Ismail MH. Risk of obstructive sleep apnea in multiple sclerosis: frequency, clinical and radiological 

correlates. Mult Scler Relat Disord. 2019;28:184–188. doi:10.1016/j.msard.2018.12.015
64. Eckert DJ, Malhotra A. Pathophysiology of adult obstructive sleep apnea. Proc Am Thorac Soc. 2008;5(2):144–153. doi:10.1513/pats.200707- 

114MG

Neuropsychiatric Disease and Treatment 2023:19                                                                              https://doi.org/10.2147/NDT.S429862                                                                                                                                                                                                                       

DovePress                                                                                                                       
2495

Dovepress                                                                                                                                                           Zimek et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1148/radiol.14140417
https://doi.org/10.1016/j.jns.2004.11.046
https://doi.org/10.1016/j.jns.2013.04.005
https://doi.org/10.1016/j.msard.2015.10.006
https://doi.org/10.1093/brain/awr150
https://doi.org/10.1136/jnnp.48.11.1135
https://doi.org/10.1007/s00415-018-8796-9
https://doi.org/10.1016/j.msard.2014.11.006
https://doi.org/10.1371/journal.pone.0078811
https://doi.org/10.4161/pri.22580
https://doi.org/10.1093/brain/awv398
https://doi.org/10.1111/j.1600-0404.2006.00615.x
https://doi.org/10.1111/j.1600-0404.2006.00615.x
https://doi.org/10.3389/fnhum.2020.563048
https://doi.org/10.1007/s11682-020-00264-z
https://doi.org/10.1007/s11910-016-0700-3
https://doi.org/10.4103/1673-5374.270310
https://doi.org/10.1212/01.WNL.0000080365.95436.B8
https://doi.org/10.1080/01616412.2016.1275460
https://doi.org/10.1006/nimg.2001.1011
https://doi.org/10.3389/fneur.2018.00828
https://doi.org/10.1016/S0306-4522(02)00026-X
https://doi.org/10.1016/S0306-4522(02)00026-X
https://doi.org/10.3389/fneur.2015.00082
https://doi.org/10.3389/fneur.2015.00082
https://doi.org/10.1191/1352458502ms839oa
https://doi.org/10.1111/j.1468-1331.2012.03873.x
https://doi.org/10.3389/fnagi.2017.00171
https://doi.org/10.1177/1352458507080734
https://doi.org/10.3389/fneur.2020.00298
https://doi.org/10.3389/fneur.2020.00298
https://doi.org/10.1007/s11325-016-1442-9
https://doi.org/10.1007/s11325-016-1442-9
https://doi.org/10.1111/j.1468-1331.2006.01499.x
https://doi.org/10.1111/j.1468-1331.2006.01499.x
https://doi.org/10.5665/sleep.6012
https://doi.org/10.5665/sleep.6012
https://doi.org/10.1016/j.msard.2019.101889
https://doi.org/10.1016/j.msard.2018.12.015
https://doi.org/10.1513/pats.200707-114MG
https://doi.org/10.1513/pats.200707-114MG
https://www.dovepress.com
https://www.dovepress.com


65. Hensen HA, Krishnan AV, Eckert DJ. Sleep-disordered breathing in people with multiple sclerosis: prevalence, pathophysiological mechanisms, 
and disease consequences. Front Neurol. 2018;8:740. doi:10.3389/fneur.2017.00740

66. Braley TJ, Segal BM, Chervin RD. Sleep-disordered breathing in multiple sclerosis. Neurology. 2012;79(9):929–936. doi:10.1212/ 
WNL.0b013e318266fa9d

67. Braley TJ, Segal BM, Chervin RD. Obstructive sleep apnea is an under-recognized and consequential morbidity in multiple sclerosis. J Clin 
Sleep Med. 2014;10(06):709–710. doi:10.5664/jcsm.3820

68. Boeschoten RE, Braamse AMJ, Beekman ATF, et al. Prevalence of depression and anxiety in Multiple Sclerosis: a systematic review and 
meta-analysis. J Neurol Sci. 2017;372:331–341. doi:10.1016/j.jns.2016.11.067

69. Patrick E, Christodoulou C, Krupp L; On behalf of the New York State MS Consortium. Longitudinal correlates of fatigue in multiple sclerosis. 
Mult Scler J. 2009;15(2):258–261. doi:10.1177/1352458508097466

70. De Mendonça FMR, De Mendonça GPRR, Souza LC, et al. Benzodiazepines and sleep architecture: a systematic review. CNS Neurol Disord 
Drug Targets. 2023;22(2):172–179. doi:10.2174/1871527320666210618103344

71. Seixas D, Foley P, Palace J, Lima D, Ramos I, Tracey I. Pain in multiple sclerosis: a systematic review of neuroimaging studies. NeuroImage 
Clin. 2014;5:322–331. doi:10.1016/j.nicl.2014.06.014

72. Metz LM. The effect of immunomodulatory treatment on multiple sclerosis fatigue. J Neurol Neurosurg Psychiatry. 2004;75(7):1045–1047. 
doi:10.1136/jnnp.2002.007724

73. Svenningsson A, Falk E, Celius EG, et al. Natalizumab treatment reduces fatigue in multiple sclerosis. results from the TYNERGY trial; a study 
in the real life setting. PLoS One. 2013;8(3):e58643. doi:10.1371/journal.pone.0058643

74. DeLuca J, Genova HM, Capili EJ, Wylie GR. Functional neuroimaging of fatigue. Phys Med Rehabil Clin N Am. 2009;20(2):325–337. 
doi:10.1016/j.pmr.2008.12.007

75. Dittner AJ, Wessely SC, Brown RG. The assessment of fatigue. J Psychosom Res. 2004;56(2):157–170. doi:10.1016/S0022-3999(03)00371-4
76. Braley TJ, Chervin RD. Fatigue in multiple sclerosis: mechanisms, evaluation, and treatment. Sleep. 2010;33(8):1061–1067. doi:10.1093/sleep/ 

33.8.1061
77. Mills RJ, Young CA, Pallant JF, Tennant A. Rasch analysis of the Modified Fatigue Impact Scale (MFIS) in multiple sclerosis. J Neurol 

Neurosurg Psychiatry. 2010;81(9):1049–1051. doi:10.1136/jnnp.2008.151340
78. Larson RD. Psychometric properties of the Modified Fatigue Impact Scale. Int J MS Care. 2013;15(1):15–20. doi:10.7224/1537-2073.2012-019
79. Rosti-Otajärvi E, Hämäläinen P, Wiksten A, Hakkarainen T, Ruutiainen J. Validity and reliability of the Fatigue Severity Scale in Finnish 

multiple sclerosis patients. Brain Behav. 2017;7(7):e00743. doi:10.1002/brb3.743
80. Valko PO, Bassetti CL, Bloch KE, Held U, Baumann CR. Validation of the Fatigue Severity Scale in a Swiss Cohort. Sleep. 2008;31 

(11):1601–1607. doi:10.1093/sleep/31.11.1601
81. Wearden AJ, Dowrick C, Chew-Graham C, et al. Nurse led, home based self help treatment for patients in primary care with chronic fatigue 

syndrome: randomised controlled trial. BMJ. 2010;340(apr22 3):c1777. doi:10.1136/bmj.c1777
82. Chilcot J, Norton S, Kelly ME, Moss-Morris R. The Chalder Fatigue Questionnaire is a valid and reliable measure of perceived fatigue severity 

in multiple sclerosis. Mult Scler J. 2016;22(5):677–684. doi:10.1177/1352458515598019
83. Stouten B. Identification of ambiguities in the 1994 chronic fatigue syndrome research case definition and recommendations for resolution. 

BMC Health Serv Res. 2005;5(1):37. doi:10.1186/1472-6963-5-37
84. Arm J, Ribbons K, Lechner-Scott J, Ramadan S. Evaluation of MS related central fatigue using MR neuroimaging methods: scoping review. 

J Neurol Sci. 2019;400:52–71. doi:10.1016/j.jns.2019.03.007
85. Gobbi C, Rocca M, Riccitelli G, et al. Influence of the topography of brain damage on depression and fatigue in patients with multiple sclerosis. 

Mult Scler J. 2014;20(2):192–201. doi:10.1177/1352458513493684
86. Gobbi C, Rocca M, Pagani E, et al. Forceps minor damage and co-occurrence of depression and fatigue in multiple sclerosis. Mult Scler J. 

2014;20(12):1633–1640. doi:10.1177/1352458514530022
87. Hanken K, Eling P, Hildebrandt H. The representation of inflammatory signals in the brain-a model for subjective fatigue in multiple sclerosis. 

Front Neurol. 2014;5. doi:10.3389/fneur.2014.00264
88. Riccitelli G, Rocca MA, Forn C, Colombo B, Comi G, Filippi M. Voxelwise assessment of the regional distribution of damage in the brains of 

patients with multiple sclerosis and fatigue. Am J Neuroradiol. 2011;32(5):874–879. doi:10.3174/ajnr.A2412
89. Derache N, Grassiot B, Mézenge F, et al. Fatigue is associated with metabolic and density alterations of cortical and deep gray matter in 

Relapsing-Remitting-Multiple Sclerosis patients at the earlier stage of the disease: a PET/MR study. Mult Scler Relat Disord. 2013;2 
(4):362–369. doi:10.1016/j.msard.2013.03.005

90. Sander C, Eling P, Hanken K, Klein J, Kastrup A, Hildebrandt H. The impact of MS-related cognitive fatigue on future brain parenchymal loss 
and relapse: a 17-month follow-up study. Front Neurol. 2016;7. doi:10.3389/fneur.2016.00155

91. Bernitsas E, Yarraguntla K, Bao F, et al. Structural and neuronal integrity measures of fatigue severity in multiple sclerosis. Brain Sci. 2017;7 
(12):102. doi:10.3390/brainsci7080102

92. DeLuca J, Genova HM, Hillary FG, Wylie G. Neural correlates of cognitive fatigue in multiple sclerosis using functional MRI. J Neurol Sci. 
2008;270(1–2):28–39. doi:10.1016/j.jns.2008.01.018

93. Tartaglia MC, Narayanan S, Arnold DL. Mental fatigue alters the pattern and increases the volume of cerebral activation required for a motor 
task in multiple sclerosis patients with fatigue. Eur J Neurol. 2008;15(4):413–419. doi:10.1111/j.1468-1331.2008.02090.x

94. Rammohan KW. Efficacy and safety of modafinil (Provigil(R)) for the treatment of fatigue in multiple sclerosis: a two centre Phase 2 study. 
J Neurol Neurosurg Psychiatry. 2002;72(2):179–183. doi:10.1136/jnnp.72.2.179

95. Kunkel A, Fischer M, Faiss J, Dã¤hne D, Köhler W, Faiss JH. Impact of natalizumab treatment on fatigue, mood, and aspects of cognition in 
relapsing-remitting multiple sclerosis. Front Neurol. 2015;6. doi:10.3389/fneur.2015.00097

96. O’Connor P, Wolinsky JS, Confavreux C, et al. Randomized trial of oral teriflunomide for relapsing multiple sclerosis. N Engl J Med. 2011;365 
(14):1293–1303. doi:10.1056/NEJMoa1014656

97. Calkwood J, Cree B, Crayton H, et al. Impact of a switch to fingolimod versus staying on glatiramer acetate or beta interferons on patient- and 
physician-reported outcomes in relapsing multiple sclerosis: post hocanalyses of the EPOC trial. BMC Neurol. 2014;14(1):220. doi:10.1186/ 
s12883-014-0220-1

https://doi.org/10.2147/NDT.S429862                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2023:19 2496

Zimek et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3389/fneur.2017.00740
https://doi.org/10.1212/WNL.0b013e318266fa9d
https://doi.org/10.1212/WNL.0b013e318266fa9d
https://doi.org/10.5664/jcsm.3820
https://doi.org/10.1016/j.jns.2016.11.067
https://doi.org/10.1177/1352458508097466
https://doi.org/10.2174/1871527320666210618103344
https://doi.org/10.1016/j.nicl.2014.06.014
https://doi.org/10.1136/jnnp.2002.007724
https://doi.org/10.1371/journal.pone.0058643
https://doi.org/10.1016/j.pmr.2008.12.007
https://doi.org/10.1016/S0022-3999(03)00371-4
https://doi.org/10.1093/sleep/33.8.1061
https://doi.org/10.1093/sleep/33.8.1061
https://doi.org/10.1136/jnnp.2008.151340
https://doi.org/10.7224/1537-2073.2012-019
https://doi.org/10.1002/brb3.743
https://doi.org/10.1093/sleep/31.11.1601
https://doi.org/10.1136/bmj.c1777
https://doi.org/10.1177/1352458515598019
https://doi.org/10.1186/1472-6963-5-37
https://doi.org/10.1016/j.jns.2019.03.007
https://doi.org/10.1177/1352458513493684
https://doi.org/10.1177/1352458514530022
https://doi.org/10.3389/fneur.2014.00264
https://doi.org/10.3174/ajnr.A2412
https://doi.org/10.1016/j.msard.2013.03.005
https://doi.org/10.3389/fneur.2016.00155
https://doi.org/10.3390/brainsci7080102
https://doi.org/10.1016/j.jns.2008.01.018
https://doi.org/10.1111/j.1468-1331.2008.02090.x
https://doi.org/10.1136/jnnp.72.2.179
https://doi.org/10.3389/fneur.2015.00097
https://doi.org/10.1056/NEJMoa1014656
https://doi.org/10.1186/s12883-014-0220-1
https://doi.org/10.1186/s12883-014-0220-1
https://www.dovepress.com
https://www.dovepress.com


98. Veauthier C, Paul F. Therapie der Fatigue bei Multipler Sklerose: ein Behandlungsalgorithmus. Nervenarzt. 2016;87(12):1310–1321. doi:10.1007/ 
s00115-016-0128-7

99. Pavsic K, Pelicon K, Ledinek AH, Sega S. Short-term impact of fampridine on motor and cognitive functions, mood and quality of life among 
multiple sclerosis patients. Clin Neurol Neurosurg. 2015;139:35–40. doi:10.1016/j.clineuro.2015.08.023

100. Asano M, Finlayson ML. Meta-analysis of three different types of fatigue management interventions for people with multiple sclerosis: 
exercise, education, and medication. Mult Scler Int. 2014;2014:1–12. doi:10.1155/2014/798285

101. Dobryakova E, Genova HM, DeLuca J, Wylie GR. The dopamine imbalance hypothesis of fatigue in multiple sclerosis and other neurological 
disorders. Front Neurol. 2015;6. doi:10.3389/fneur.2015.00052

102. National Clinical Guideline Centre (UK). Multiple sclerosis: management of multiple sclerosis in primary and secondary care. London: 
National Institute for Health and Care Excellence (UK). NICE Clinical Guidelines, No. 186; 2014. Available from: https://www.ncbi.nlm.nih. 
gov/books/NBK248064/. Accessed November 9, 2023.

103. Yang -T-T, Wang L, Deng X-Y, Yu G. Pharmacological treatments for fatigue in patients with multiple sclerosis: a systematic review and 
meta-analysis. J Neurol Sci. 2017;380:256–261. doi:10.1016/j.jns.2017.07.042

104. Lange R, Volkmer M, Heesen C, Liepert J. Modafinil effects in multiple sclerosis patients with fatigue. J Neurol. 2009;256(4):645–650. 
doi:10.1007/s00415-009-0152-7

105. Möller F, Poettgen J, Broemel F, Neuhaus A, Daumer M, Heesen C. HAGIL (Hamburg Vigil Study): a randomized placebo-controlled double-blind 
study with modafinil for treatment of fatigue in patients with multiple sclerosis. Mult Scler J. 2011;17(8):1002–1009. doi:10.1177/1352458511402410

106. Garrett M, Hogan N, Larkin A, Saunders J, Jakeman P, Coote S. Exercise in the community for people with minimal gait impairment due to 
MS: an assessor-blind randomized controlled trial. Mult Scler J. 2013;19(6):782–789. doi:10.1177/1352458512461966

107. Mulero P, Almansa R, Neri MJ, et al. Improvement of fatigue in multiple sclerosis by physical exercise is associated to modulation of systemic 
interferon response. J Neuroimmunol. 2015;280:8–11. doi:10.1016/j.jneuroim.2015.01.011

108. Hourihan SJ. Managing fatigue in adults with multiple sclerosis. Nurs Stand. 2015;29(43):51–58. doi:10.7748/ns.29.43.51.e9654
109. Hebert JR, Corboy JR, Manago MM, Schenkman M. Effects of vestibular rehabilitation on multiple sclerosis–related fatigue and upright 

postural control: a randomized controlled trial. Phys Ther. 2011;91(8):1166–1183. doi:10.2522/ptj.20100399

Neuropsychiatric Disease and Treatment                                                                                          Dovepress 

Publish your work in this journal 
Neuropsychiatric Disease and Treatment is an international, peer-reviewed journal of clinical therapeutics and pharmacology focusing on 
concise rapid reporting of clinical or pre-clinical studies on a range of neuropsychiatric and neurological disorders. This journal is indexed on 
PubMed Central, the ‘PsycINFO’ database and CAS, and is the official journal of The International Neuropsychiatric Association (INA). The 
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal

Neuropsychiatric Disease and Treatment 2023:19                                                                         DovePress                                                                                                                       2497

Dovepress                                                                                                                                                           Zimek et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s00115-016-0128-7
https://doi.org/10.1007/s00115-016-0128-7
https://doi.org/10.1016/j.clineuro.2015.08.023
https://doi.org/10.1155/2014/798285
https://doi.org/10.3389/fneur.2015.00052
https://www.ncbi.nlm.nih.gov/books/NBK248064/
https://www.ncbi.nlm.nih.gov/books/NBK248064/
https://doi.org/10.1016/j.jns.2017.07.042
https://doi.org/10.1007/s00415-009-0152-7
https://doi.org/10.1177/1352458511402410
https://doi.org/10.1177/1352458512461966
https://doi.org/10.1016/j.jneuroim.2015.01.011
https://doi.org/10.7748/ns.29.43.51.e9654
https://doi.org/10.2522/ptj.20100399
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Fatigue Pathophysiology
	Immunological and Inflammatory Processes
	Endocrinopathy
	Strategic White and Gray Matter Lesions
	White Matter Lesions
	Gray Matter Lesions

	Maladaptive Network Recruitment During Task Performance
	Secondary Fatigue

	Diagnosis of Fatigue
	Validated Questionnaires
	Modified Fatigue Impact Scale (MFIS)
	Fatigue Severity Scale (FSS– Krupp)
	Chalder Fatigue Scale

	Neuroimaging Techniques

	Treatment Strategies in Fatigue
	Influence of the Basic MS Treatment on Fatigue
	Pharmacotherapy
	Non-Pharmacological Treatment
	Physical Approaches
	Psychological/Cognitive Approaches

	Conclusion
	Disclosure

