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Abstract 

Myasthenia Gravis (MG) is a chronic autoimmune disease affecting the neuromuscular junction. Although a hallmark of MG is muscle 
fatigability due to dysfunction of the neuromuscular junction (peripheral fatigue), a large number of MG patients also report symptoms of 
central fatigue, defined as an experienced lack of energy, physically and/or mentally. We systematically reviewed the literature on all aspects 
of central fatigue in MG. Results were categorized in 5 domains: prevalence, diagnosis, pathophysiology, treatment or impact. The prevalence 
of patient-reported fatigue varies between 42 and 82%, which is significantly higher than in control subjects. Fatigue severity is usually 
assessed with standardized questionnaires, but the choice of questionnaire varies widely between studies. The pathophysiology of fatigue is 
unknown, but it is strongly associated with depressive symptoms, female gender and disease severity. Fatigue is also highly prevalent in 
ocular MG and patients in remission, suggesting a multifactorial origin. Fatigued MG patients have a lower quality of life. Pharmacological 
treatment of MG is associated with improvement of fatigue and promising results have been found with physical and psychological training 
programs. Fatigue is a highly prevalent symptom of MG with a severe negative impact on quality of life. Physicians treating patients with 
MG should be aware of this symptom, as it may be treatable with physical or psychological training programs. 
© 2020 The Authors. Published by Elsevier B.V. 
This is an open access article under the CC BY license. ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Myasthenia Gravis (MG) is a chronic autoimmune
isease (AID) with a prevalence of 1–2 per 10.000 [1] .
he clinical hallmark is fluctuating weakness of striated
uscles with antibodies directly affecting the neuromuscular

unction. In approximately 85% of patients, the initial
resenting symptoms are asymmetric ptosis and/or diplopia.
pproximately 80% of initially ocular MG patients will
evelop generalized MG within two years of disease onset
2] . 

Fatigue is a symptom of growing interest in many
euromuscular disorders [3–5] . A classification using two
ypes of fatigue has been proposed in neuromuscular
isorders: peripheral and central fatigue [5] , [6] . Peripheral
∗ Corresponding author. 
E-mail address: a.m.ruiter@lumc.nl (A.M. Ruiter). 
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atigue is a direct result of muscle fatigability due to disorders
f the muscle or neuromuscular junction. This type of fatigue
ill not be discussed in this review. Central fatigue is an

xperienced lack of energy and feeling of tiredness not
elated to muscle weakness or pain, and interferes with
ental or physical activities. Central fatigue is believed to

e important in protecting muscles from further damage by
own-regulating physical activities [5] , [6] . In this review, we
ill use the word “fatigue” to describe central fatigue as
efined above, unless specified otherwise. 

In patients with MG, fatigue has been described as a
ommon symptom [7–14] , although its etiology is currently
nknown. Due to its fluctuating and effort dependent nature,
t may be difficult to distinguish from peripheral fatigue.
owever, even patients in remission frequently report feeling

atigued [9] . 
ss article under the CC BY license. 
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This review summarizes the literature on all aspects of
fatigue in MG, with an emphasis on prevalence, diagnosis,
pathophysiology, treatment and impact. 

2. Methods 

In this systematic review we adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and a pre-set review protocol (appendix
A; prisma-statement.org). 

2.1. Data sources and search strategy 

PubMed, Embase, Web of Science, Cochrane Library,
Emcare were systematically searched for potentially relevant
studies up to June 1th, 2019 (date of search), using
appropriate keywords (appendix B). We reviewed the
bibliographies of the studies identified for additional data. 

2.2. Study selection and data extraction 

Eligibility was initially assessed through screening of titles
and abstracts by two independent reviewers (A.M.R. and
M.R.T.), based on the following inclusion criteria: (1) the
subject of the article was autoimmune Myasthenia Gravis
with or without antibodies against AChR or muscle specific
kinase (MuSK); (2) the article described fatigue, and not
only peripheral fatigue; (3) original research; (4) use of
a quantitative fatigue questionnaire; (5) article in English,
Dutch or German. Articles that did not meet all 5 inclusion
criteria were excluded. Missing abstract was no reason
for exclusion. Both reviewers (A.M.R and M.R.T.) decided
independently on inclusion or exclusion after reading the full
text of the paper, and Cohen’s kappa coefficient for interrater
reliability ( κ) was calculated. Discrepancies were discussed
until mutual agreement was reached. Articles identified for
inclusion in this systematic review were broadly categorized
in five domains based on their main subject: prevalence,
diagnosis, potential modifiers in pathophysiology, treatment or
impact. 

2.3. Risk of bias assessment 

Risk of bias was assessed using the Joanna Briggs
Institute (JBI) checklist for case series or case control studies
(appendix C). Minimum requirements for inclusion were set
as follows: the quality threshold was set at five times “yes”
or more in total. At least one positive response was obtained
for items 1–3, at least two positive responses for items 4–
8. Studies were classified as medium quality studies (JBI 6),
high quality (JBI 7–8) or very high quality (JBI 9–10). In
case of a randomized controlled trial (RCT) the JBI checklist
for RCTs was used (appendix C). Requirements for inclusion
of RCTs were as follows: the quality threshold was set at
eight times “yes” or more, at least 4x “yes” for items 1–6,
2 × “yes” for items 7–10. RCTs were classified as medium
quality studies (JBI 8–9), as high quality (JBI 10–11) or as
very high quality (JBI 12–13). 
. Results 

.1. Search results 

Our initial search produced 445 studies of which 45 were
xamined in further detail after screening of title and abstract.
wenty-one publications remained for final inclusion ( Fig. 1 ).
ohen’s kappa coefficient for interrater reliability ( κ) was
.952. 

The selected studies are detailed in Table 1 . A brief
escription of used questionnaires is provided in Table 2 . 

.2. Prevalence 

In MG patients the prevalence of fatigue varies from
4 to 82% compared to 18–40% in control groups
7–9] , [11] , [13] , [15] , [16] . The prevalence increases with
isease severity from 32% in patients in pharmacological
emission to 72% in generalized MG (GMG) [9] . Chronic
atigue, defined as fatigue ≥6 months, occurred in 21–72%
8] , [9] . 

.3. Diagnosis 

All included studies used patient-reported questionnaires
o assess fatigue; the choice of questionnaire varied widely
 table 1 ). Three studies cross-validated fatigue questionnaires
7] , [12] , [14] . Fatigue Severity Scale (FSS) scores correlated
ignificantly with all three subscales of the Fatigue Impact
cale (FIS) in both 73 MG patients and 230 controls [7] . Both
cales had excellent internal consistencies. The Neuro-QoL-
atigue short form (Neuro-QoL-Fatigue-SF) was validated by
ssessing responsiveness to treatment and by estimating the
inimal important difference at group level and individual

evel [14] . At an individual level, sensitivity was 71% and
pecificity was 76%. The Myasthenia Gravis Fatigue Scale
MGFS) is a questionnaire developed especially for MG
atients. Validation of its psychometric properties shows an
xcellent coefficient alpha scores for internal consistency
between 0.850 and 0.934). Its test-retest reliability is high
 r = 0.872, p < 0.001) [12] . 

.4. Potential modifiers in pathophysiology 

Literature on the exact pathophysiology of fatigue is
carce and most publications report associations without
roviding evidence of causality. Publications in other
euromuscular disorders point towards a multidimensional
ause [4] , [17] , [18] . In this review, we therefore classified
tudies reporting on factors associated with fatigue as
otential modifiers in its pathophysiology. 

The most frequently studied potential pathophysiological
actor is MG disease severity [7] –[9] , [12] , [14] , [16] , [19] , [20] .
atigue scores showed a positive correlation with disease
everity and in logistic regression analyses, higher disease
everity is an independent associated factor for higher fatigue
cores and more frequent fatigue [7] –[9] , [14] , [16] . There
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Total number of 
nonduplicate citations 

retrieved from literature 
search

(n=445)

Screening 
title/abstract

Excluded
(n=400)

Full-text retrieved and 
evaluated for inclusion

(n=45)

Excluded
(n=24)

Included
(n=21)

Reason for exclusion:
• Patient-reported fatigue questionnaire used for peripheral 

muscle fatigue (1)
• Insufficient methodologic quality for assessing fatigue (1)
• Effect of rehabilitation pre- and postoperative (1)
• No report of fatigue scores (1)
• No measurement of fatigue (11)
• Editorial (7)
• Review (2)

Fig. 1. Flow diagram of selected studies. 
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as no difference in fatigue scores between patients with
ulbar or limb predominant MG [14] . In contrast, two smaller
tudies found no association between higher fatigue rates
nd increasing disease severity [12] , [19] . One study ( n = 20)
ound no significant difference in fatigue scores between

G patients with and without a decrement upon repetitive
erve stimulation while patients with a typical decrementing
esponse had significantly higher quantitative myasthenia 
ravis (QMG) scores [19] . Another study on 67 MG patients
id not find a significant correlation between QMG scores
nd fatigue [12] . 

Higher scores on patient-reported depression scales
ignificantly correlated with higher patient-reported fatigue
ates [7] , [10–12] , [21] . Using the Hospital Anxiety and
epression Scale (HADS), the overall rate for depression

mong 200 MG patients was 20% [9] . Higher depression
ates are found in GMG compared to OMG or patients in
harmacological remission: 25%, 15% and 10% respectively.
n both univariate and multivariable logistic regression
nalyses, higher scores on the HADS were significantly
ssociated with more fatigue. In one study ( n = 19), the
ifference in fatigue between patients and healthy controls
isappeared when adjusting for depression and anxiety scores
uggesting an association between depression and fatigue
22] . 

Most studies found that the female gender was
ndependently associated with higher fatigue rates or higher
atigue-impact rates [7] , [14] , [23] . Only one study found no
ifference between genders [8] . 
Varying results have been published on sleep and fatigue
7] –[11] , [24] . When comparing MG patients with and without
atigue, patients with fatigue scored significantly higher on the
pworth Sleepiness Scale (ESS) [7] . A significant correlation

s found between the Pittsburgh Sleep Quality Index and
atigue and between sleep disturbances on the Autonomic
ymptom Profile and fatigue [8] , [10] , [11] . However, no
ignificant association was found between fatigue and the
nsomnia Severity Index [9] . In addition, a small study
f eight MG patients with mild-to-moderate disease (QMG
 20) found no correlation between patient-reported fatigue or

esults of the ESS and objective measurements of sleepiness
sing the Maintenance of Wakefulness Test and Multiple
leep Latency Test [24] . 

Restriction of physical activity was the best predictor of
atigue severity after controlling for the effect of depression
12] . A cohort comparing 36 Estonian and 40 Swedish MG
atients showed lower levels of physical activity and higher
atigue scores in Estonian patients, although QMG scores
etween the two groups did not differ [25] . 

The presence of both AChR and muscle-specific
eceptor tyrosine kinase (MuSK) antibodies was significantly
ssociated with fatigue in a univariate analysis, but in a
ultivariate regression analysis only a strong association was

ound with the presence of MuSK antibodies [9] . In another
tudy, the presence of AChR antibodies was significantly
orrelated with a decline in performance on one specific test
f a cognitive assessment battery. However, this decline did
ot show a relationship with baseline fatigue scores [11] . 
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Table 1 
Selected studies. 

Reference MG, n Fatigue intervention Fatigue 
Questionnaire 

Fatigue 
prevalence 

Other assessments Important 
exclusion criteria 

Domain of 
subject 

Quality 

Randomized controlled trials 

Andersen et al. [20] 125 Eculizumab Neuro-QoL-F- 
SF 

QMG; MG-ADL; 
MG-QoL15 

Pa; T c ∗

Rahbek et al. [28] 15 Physical training 
program (PRT vs AT) 

MFIS 6MWT; B&B; MDI; 
MG-QoL15; SCT; STS 

T b ∗

Case control studies 

Alekseeva et al. [7] 73 NA FSS; FIS; 
VAS 

69.9% Data on sleep; BDI; ESS Sleep-wake 
disorders 

D; I; Pa; 
Pr; T 

c 

Alekseeva et al. [15] 69 NA FIS; FSS 68.1% BDI; ESS; STAI Pa; Pr b 
Elsais et al. [8] 82 NA CFQ 44% ASP; MGQ Pa, Pr; b 
Elsais et al. [26] 10 NA CFQ CPE; MGQ; spirometry Low CFQ score Pa b 
Symonette et al. [19] 20 NA MGFS; VAS Dynamo; MG-ADL; 

RNS; QMG 

Pa c 

Jordan et al. [10] 32 NA MGFS; 6MWT; AMT; CES-D; 
Dynamo; MG-ADL; 
MG-QoL15; PSQI; 
QMG; VAS 

History of 
psychiatric illness 

Pa; I c 

Westerberg et al. [16] 40 NA FSS 62–100% MGC; MG-QoL15; RNS Pa; Pr b 
Jordan et al. [11] 33 NA FSMC; 

MGFS 
57.5% CES-D; D2-R; 

MG-ADL; MG-QoL15; 
QMG; PASAT; PSQI; 
RWT; timetap-task; VAS 

History of 
psychiatric illness 

Pa; Pr; I b 

Paul et al. [13] 28 Cognitive battery MFI; FIS 82% MDI History of major 
psychiatric illness 

Pr; I b 

Paul et al. [21] 28 Cognitive battery MFI CMDI History of 
psychiatric illness 

I; Pa b 

Tascilar et al. [22] 19 NA FSS ESS; HAM-A/D; 
MG-QoL15; PSG; PSQI 

History of 
psychiatric illness 

I; Pa c 

Case series 

Chen et al. [29] 29 plasmapheresis ISS HADS; IPQ; SF-36 Pa; T b 
Grohar-Murray et al. [23] 250 NA FS; MGFS NA Pa; T a 
Hoffman et al. [9] 200 NA CFQ 56.1% HADS; ISI; MG-ADL; 

MG-QoL15; QMG 

Pa; Pr; I b 

Kittiwatanapaisan et al. 
[12] 

67 NA MGFS; CFQ CES-D; QMG D; I; Pa a 

Tran et al. [14] 257 NA Neuro-QoL-F- 
SF 

EQ-5D; MGC; 
MG-ADL; MGII; 
MG-QoL15; QMG; 
SF-36 

D; I; Pa; T b 

Farrugia et al. [27] 10 Physical & 

psychological 
training program 

FSS; MFIS; 
VAS 

HADS; MGC; 
MG-ADL; MG-QoL15r 

T b 

kassardjian et al. [24] 8 na mfis; vas ess; mslt; mwt; psg; 
mg-qol15; qmg 

i; pa b 

saber et al. [25] 76 na fss na qmg; rns i; pa b 

Abbreviations : NA = not applicable; D = diagnosis; I = impact; Pa = pathophysiology; Pr = prevalence; T = treatment; a = JBI 6; b JBI 7–8; c JBI 9–10; b ∗JBI 
10–11; c ∗ JBI 12–13; 6MWT = 6 min walking test; AMT = arm movement test; ASP = autonomic symptom questionnaire; AT = aerobic training; B& B = box 
& block test; BDI = Beck depression inventory; CES- D = center for epidemiological studies depression scale short form; CFQ = Chalder fatigue questionnaire; 
CMDI = Chicago multiscale depression inventory; CPE = cardiopulmonary exercise; d2- R = attention and concentration test; EQ-5D = euroQoL 5 dimensions; 
ESS = Epworth sleepiness scale; FIS = fatigue impact scale; FS = fatigue survey; FSMC = fatigue scale for motor and cognitive function; FSS = fatigue severity 
scale; HADS = hospital anxiety and depression scale; HAM-A/ D = Hamilton anxiety/ depression scales; IPQ = illness perception questionnaire; ISI = insomnia 
severity index; ISS = incapacity status scale; MDI = multiscale depression inventory; MFI = multicomponent fatigue index; MFIS = modified fatigue impact scale; 
MG-ADL = MG activities of daily living; MGC = MG composite score; MGFS = MG fatigue survey; MGII = MG impairment index; MGQ = MG questionnaire; 
MG-QoL15(r) = MG-quality of live 15 items (revised); MSLT = multiple sleep latency test; MWT = maintenance of wakefulness test; Neuro-QoL-F-SF = neuro- 
QoL-fatigue-short form; PASAT = paces auditory serial addition test; PRT = progressive resistance training; PSG = polysomnography; PSQI = Pittsburgh sleep 
quality index; QMG = quantitative MG; RNS = repetitive nerve stimulation; RWT = Regensburger verbal fluency test; SF-36 = 36-item short form health survey; 
SCT = stair climb test; STAI = State-Trait Anxiety Inventory; STS = 30-s sit to stand test, VAS visual analog scale. 
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Table 2 
Short overview of commonly used fatigue questionnaires and the domains queried. 

Questionnaire Domains No. items Assessed by Period 

Chalder Fatigue Questionnaire 
(CFQ) [52] 

Cognitive and physical. 11 Patient Past week 

Fatigue Impact Scale (FIS) [53] Cognitive, physical and social. 40 Patient Past week 
Fatigue Scale for Motor and 

Cognitive function (FSMC) [54] 
Cognitive and physical. 20 Patient Unknown 

Fatigue Severity Scale (FSS) [55] Fatigue severity in different situations. 9 Patient Past week 
Fatigue Survey (FS) [23] Demographic and medical information, fatigue 

characteristics, precipitating factors, 
interventions to reduce fatigue and rating of 
current functional state. 

Unknown Patient Unknown 

Incapacity Status Scale (ISS) [56] Climbing, ambulation, transfers, bowel function, 
bladder function, bathing, dressing, grooming, 
feeding, vision, speech and hearing, medical 
problems, mood, thought disturbances, 
mentation, physical fatigue, and sexual function. 

16 Patient Unknown 

Modified Fatigue Impact Scale 
(MFIS) 

See Fatigue Impact Scale. 

Multicomponent Fatigue Index 
(MFI) [57] 

Cognitive and physical. Developed to examine 
current levels and acute changes in fatigue. 

15 Patient Past 4 weeks 

Myasthenia Gravis Fatigue Scale 
(MGFS) [23] 

Perception, task avoidance, motor symptoms. 26 Patient Unknown 

Neuro-QoL-Fatigue short form 

(Neuro-QoL-F-SF) [43] 
Physical, functional, social and mental activities. 8 Patient Past week 
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The presence of a thymoma did not affect fatigue
ccording to two small studies [10] , [16] . One study found
hat 100% of patients in the thymoma subgroup ( n = 5) were
atigued, however fatigue was comparable among subgroups
early onset vs late onset vs thymoma) [16] . This study
id not report on the current thymoma state. Another study
oncluded that a prior, successfully treated thymoma was not
ssociated with fatigue [10] . 

There was no difference in fatigue severity between 69
G patients with and without autoimmune comorbidities

15] . In this study, 20% of the population had concomitant
utoimmune thyroid disease and one patient had rheumatoid
rthritis as a third AID. 

In a small study of 10 MG patients assessing pulmonary
unction, stable MG patients with only mild ocular symptoms
ho scored high on fatigue appeared to have a minor degree
f airway obstruction compared to healthy controls [26] .
owever, this study did not include a non-fatigued MG group.
One study reported on autonomic symptoms in 82

G patients [8] . Higher fatigue scores were independently
ssociated with higher scores on the Autonomic Symptom
rofile (ASP), especially with the items sleep disturbance
nd sudomotor/ thermoregulation. A significant correlation 

etween ASP and QMG scores indicated more autonomic
ymptoms with increasing disease severity. 

.5. Treatment 

A ten-week physical and psychological training
rogram in nine MG patients showed a small, temporary
mprovement mid-program and a non-significant trend
owards improvement of fatigue at the end of the program,
lthough scores had deteriorated again after three months
27] . Four out of nine patients did report that they had
earned how to manage their MG symptoms and fatigue
etter, despite lacking a persistent improvement in fatigue.
n eight-week exercise program comparing aerobic training

AT) versus progressive resistance training (PRT) showed
 non-significant trend towards lower fatigue scores after
he PRT program [28] . Remarkably, the AT group showed
 non-significant trend towards higher fatigue scores. The
MG score in the latter study improved 1–2 points on

verage, not reaching statistical significance. 
Reports on the effect of MG specific medication on

atigue are limited. Oral medication was assessed in only
ne study: fatigue scores did not differ between MG patients
ith and without oral corticosteroids [7] . Fatigue scores
f a group of 95 MG patients who received a course
f intravenous immunoglobulins (IVIG), plasma-exchange 
PLEX) or prednisone improved significantly at their second
isit 3–4 weeks later [14] . The improvement was similar for
ll three types of treatment. The effect of PLEX on fatigue
as also confirmed in a different study [29] , in which fatigue
as the most reported symptom prior to treatment ( n = 29).
ne month after treatment, mean fatigue scores decreased and

atigue was no longer the most reported symptom, although
his difference was not statistically significant. 

In the phase 3 REGAIN study, the monoclonal antibody
culizumab was tested as a novel treatment for AChR positive
eneralized MG (GMG) [20] . Eculizumab was significantly
orrelated with greater improvement of fatigue than the
lacebo group; patients in the treatment group had a mean
mprovement from baseline of −16.3 points compared to

7.7 in the placebo group at week 26. 
A majority of MG patients use self-care actions to manage

atigue (both physical and cognitive). In a large survey
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among 250 MG patients, mental interventions are reported
by 76% of the respondents, 78% report applying physical
interventions and 80% report resting or sleeping to manage
fatigue [23] . However, no relationship or pattern was found
between reported fatigue scores and self-care actions. 

3.6. Impact 

Fatigue is associated with more depressive symptoms (see
pathophysiology) [7] , [9] –[12] , [21] , [22] . None of the studies
differentiated between depression as a cause or result of
fatigue. 

A patient-reported lower quality of life correlated with a
higher prevalence and severity of fatigue [9] , [11] , [14] , [24] .
Improvement in fatigue scores correlated significantly with
improvement in quality of life in both the treatment and
placebo group in the REGAIN study [20] . In a study
comparing 2 groups of MG patients from Estonia and
Sweden, fatigue correlated strongly with self-perceived health
status [25] . 

No relationship was found between cognitive performance
and baseline fatigue [11] , [21] , but increased fatigue after
completing a cognitive assessment is related with a poorer
performance in MG patients [13] , [21] . In contrast, controls
did not have higher fatigue scores after completing the
cognitive battery. In these studies there was no difference
on the mood scale of the Multiscale Depression Inventory
between MG patients and controls or depression was ruled
out as an influencer by linear regression analysis. Outcomes
of the Pittsburgh Sleep Quality Index were not of influence. 

4. Discussion 

The recent surge in studies on fatigue in MG indicates
a growing awareness of the importance of the subject. The
prevalence of fatigue in MG is comparable with fatigue in
other neuromuscular diseases: a large study found fatigue
rates between 61% −74% in facioscapulohumeral muscular
dystrophy (FSHD), myotonic dystrophy and hereditary motor
and sensory neuropathy type 1 

3 . It has been hypothesized
that muscle damage induces fatigue through a central
nervous system mediated mechanism in order to temporarily
down-regulate physical activities and protect muscles from
further damage [5] , [6] , [30] . In patients with an ongoing
neuromuscular disease, chronification of this feedback
mechanism could induce continuous minimization of physical
activity, although this remains speculative. This mechanism
might also explain why patients with a neuromuscular
disease appear to suffer from “central activation failure”
during maximal voluntary muscle contraction [30] . Secondly,
chronically decreased levels of physical activity have a
negative effect on muscle mass and strength [31] , [32] , likely
causing a vicious circle in patients with neuromuscular
disorders. Indeed, restriction of physical activity is a
good predictor for fatigue severity [12] , [25] . Physical
inactivity may lead to obesity. Due to a combination
f inactivity and chronic steroid use, a large proportion
f MG patients are overweight (BMI ≥25) [12] . In
urn, obesity could contribute to fatigue, although a
irect link between BMI and fatigue has never been
stablished. 

Patients with an AID are more likely to develop a
econd AID [33] . Having a second, possibly active, AID
ould contribute to the development of fatigue, but no
ifference was found between MG patients with and without
oncomitant autoimmune comorbidity [15] . Noteworthy is the
act that autoimmune thyroid disease was the second most
revalent AID in all MG patients in this study, and fatigue is
 main clinical feature of thyroid disease [34] . Furthermore,
on-autoimmune comorbidity, including type 2 diabetes or
on-allergic pulmonary disease, may also contribute to the
evelopment of fatigue [35] , [36] . Active malignancy and
ubsequent treatment is likely to affect fatigue scores, as
atigue is a common symptom in patients with cancer and
p to 80% experience fatigue during treatment [37] . 

Findings on the relation between fatigue and sleep
isorders in MG vary widely. More objective sleep data is
ecessary to understand the role of sleep disorders in the
ontext of fatigue. 

People with a chronic disease have an increased risk
or developing a depression [38] . The observed association
etween fatigue and depression in MG patients provides no
vidence of causality, as depressive symptoms may be the
ause or the result of fatigue [7] , [9] –[12] , [21] , [22] . However,
he observed correlation could also be caused by similarities
etween fatigue and depression questionnaires, e.g. the items
Do you have problems starting things?’ on the Chalder
atigue Questionnaire and ‘I could not get going’ on the
enter for Epidemiological Studies Depression Scale is likely

o result in the same answer. 
The reason for the observed higher prevalence of fatigue

n women is not well understood. One hypothesis is that
ifferences in hormonal and immunological homeostasis play
 role [39] . 

For fatigue in general, evidence-based pharmacological
reatment options are currently very sparse, but fatigue-
pecific programs with physical and psychological training
ave been proven to be effective in a range of neuromuscular
iseases, including FSHD, Guillain-Barre syndrome, chronic
nflammatory demyelinating polyneuropathy and myotonic
ystrophy type 1 [40] –[42] . So far, similar studies in MG
ave been far more limited in scope and size [27] , [28] .
his systematic review does not provide evidence that

mmunosuppressive treatment improves fatigue independently
f improvement of neuromuscular weakness. Therefore, there
s no evidence to support the initiation or intensification of
mmunosuppressive therapy to treat fatigue when there is no
lear neuromuscular weakness. 

All studies included used self-report questionnaires to
ssess fatigue with a known cut-off point for abnormal or
linically relevant fatigue. There are no other diagnostic tools
or evaluating fatigue. Currently, there is no consensus on
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hich questionnaire is most appropriate for assessing fatigue
n MG. 

.1. Limitations of available studies 

The most important limitation of included studies is the
se of patient-reported questionnaires, not only for fatigue
ut also depression, sleep and autonomic symptoms. Self-
ssessments are inherently subject to external influences,
ood and probably time of day, as daily fluctuations are a

allmark of MG. Secondly, the use of different questionnaires
o measure fatigue and the absence of consensus on the most
ppropriate scale complicates comparing results of different
tudies. In a number of studies fatigue was a secondary
utcome rather than its main subject, and conclusions on
atigue are therefore not always reported comprehensively. 
nother limitation is the absence of data on spontaneously

eported fatigue rather than in response to questionnaires.
nformation on how often patients spontaneously report
atigue would provide some indication on its relevance and
mpact on quality of life. 

.2. Recommendations for future research 

Future research on fatigue in MG would benefit from
he use of one multidimensional assessment tool [44] .
espite its ability to detect change over time, the FSS
rovides little information on different aspects of fatigue.
he multidimensional Checklist Individual Strength appears 

o be highly promising, as it detects change over time and is
ensitive to treatment [44–46] . It consists of four subscales:
ubjective experience of fatigue, concentration, motivation and
hysical activity. The scale has been developed for chronic
atigue syndrome and although it has not been previously
sed in MG, it has been used in several other neuromuscular
isorders [40] , [47] , [48] , allowing a comparison between
ifferent diseases. 

There is a surprising paucity of potential biomarkers
or fatigue in MG. Previous studies in other diseases
oint towards inflammatory circulating proteins as potential
ausative factors, in particular cytokines such as IL-6
nd TNF α [49] . In addition, thyroid function, antibody
evels and complement activation could be of interest.
ecently, circulating inflammatory proteins and micro-RNAs,

n particular MMP-10, miR-150–5p and miR-21–5p, have
merged as a novel potential biomarkers for MG [50] , [51] . 

Pilot data on an aerobic exercise program and cognitive
ehavioural therapy (CBT) in MG and their substantial
enefits in other neuromuscular diseases warrant a large
andomized clinical trial [40–42] . Exercise should be of
ufficient duration and intensity and be performed under the
upervision of an experienced physiotherapist. CBT modules
or fatigue in other neuromuscular disorders are readily usable
n MG patients [40] , [42] . 
. Conclusion 

In this systematic review of the literature, we show that
atigue is a prevalent symptom in patients with MG. It
s associated with higher disease severity, higher rates of
epression and lower quality of life. Its pathophysiology is
ikely multifactorial in nature but fatigue may lead to a vicious
ycle by reducing physical activity which in turn has negative
ffects on muscle strength and fatigue. Fig. 2 represents a
odel summarizing the multifactorial nature of fatigue and

he possible targets for therapy. There is no consensus on
he most appropriate method to diagnose fatigue in MG.
ncouraging results from physical and psychological training
rograms in MG and other neuromuscular diseases suggest
hat this vicious cycle can be reversed. 
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