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ABSTRACT
Fatigue is a common symptom in idio-
pathic inflammatory myopathies (IIMs), 
which greatly affects activities of daily 
life. Fatigue is a complex phenomenon 
that covers a range of dimensions from 
biological to behavioural, the patho-
physiology of which is still poorly un-
derstood. The aim of this review is to 
describe the different determinants of 
fatigue in IIMs, discuss their clinical 
implications and how to evaluate and 
manage the condition, which are all rel-
evant issues for the treating physicians 
in their everyday practice.

Introduction and topic context
Myositides, also known as idiopathic 
inflammatory myopathies (IIMs) are a 
heterogeneous group of rare, chronic, 
autoimmune diseases characterised by 
muscle weakness and various grades 
of chronic inflammation in skeletal 
muscles, together with multiple organ 
involvement (e.g. skin, lung, heart, 
joints) (1-3). Albeit some controversies 
exist over the classification of IIMs and 
no consensus has yet been published 
(4), they are commonly categorised, 
on the basis of nature and localisation 
of symptoms and clinical signs as well 
laboratory and biopsy findings, into 
dermatomyositis (DM), of which a 
juvenile form (jDM) also exists, poly-
myositis (PM), overlap myositis (OM), 
inclusion body myositis (IBM) and im-
mune-mediated necrotising myopathy 
(IMNM) (5). Cardinal clinical mani-
festations of IIMs, as in general for all 
types of myopathies independently of 
their origin, are muscle weakness, fa-
tigue and sometimes pain. Fatigue, in 
particular, is one of the main causes of 
significantly decreased quality of life 
(QoL). In a cohort of 95 patients with 
DM and PM, 89% of subjects reported 
fatigue and about a third considered fa-

tigue the symptom that most impacted 
their QoL (6), interfering especially 
with those activities of daily life (ADL) 
that require sustained shoulder abduc-
tion (7).
Despite the high frequency of this com-
plaint in myositis, several aspects on 
this clinical characteristic are rather 
poorly defined and need to be better 
profiled. The definition of fatigue is 
not easy and several, also conceptual, 
aspects need to be considered before 
transferring it to a clinical ground. This 
is the reason why, although referring 
to one of the more if not the most, im-
portant clinical characteristics of these 
diseases, which affects skeletal muscle 
function in the different everyday life 
activities, fatigue is often not properly 
considered by the clinician. In addition, 
considering its complex physiopathol-
ogy and the high number of factors that 
are involved in its determination, re-
ports from the scientific literature about 
its frequency and clinical aspects are 
often vague and also contradictory. An 
example of this is how to consider in-
terrelationships between fatigue, in the 
proper meaning of the term, and psychi-
atric disturbances that often coexist and 
in turn can influence this complaint. As 
reported by Campbell et al., fatigue in 
DM and PM is common and is associ-
ated with depression (8). Taking these 
considerations into account, the aim of 
this review is to analyse several aspects 
of fatigue in IMMs. To do so, we will 
firstly define the concept of fatigue and 
how fatigue is relevant in the wider field 
of neuromuscular disorders. Then we 
will describe the proposed mechanisms 
of fatigue in IIMs and the available 
clinical tools to measure it, concluding 
with a chapter on its management treat-
ment, which is still a particularly chal-
lenging area. This review also looks 
at the possibilities a specialist has to 
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properly consider this undervalued, yet 
so common, symptom in patients with 
IIMs in everyday clinical practice.

Fatigue: definition and general 
concepts
Although a definition of fatigue has 
not been universally adopted, partly 
because of its semantic overlap with 
other terms such as tiredness, muscle 
weakness or sleepiness, in clinical use 
it can be defined as a process consist-
ing of difficulty in sustaining over time 
prolonged or repeated motor voluntary 
tasks (9, 10). As for example for the of-
ten shadowed contours of the concept, 
Campbell et al. (11) argued as per-
ceived fatigue, in this sense a subjec-
tive impression, in patients with IIMs 
was unrelated to contractile endurance, 
a more physical dynamometric dimen-
sion of the motor performance, further 
recognising that fatigue and muscle fat-
igability are two entangled, yet differ-
ent, concepts. Although poorly defined, 
fatigue is one of the most frequent 
symptoms in clinical practice, with a 
stunning prevalence of 5–45% in gen-
eral population, being chronic in 10% 
of the cases and neuromuscular diseas-
es are amongst the conditions with the 
more prevalence of the symptom (12).
In an attempt to summarise this com-
plex topic, there at least three main key 
factors to consider: the first is a core 
element that refers to the insufficient 
capacity to generate torque force due to 
biochemical and physiologic alterations 
within the muscles, the effector of body 
motor machinery; the second regards a 
more comprehensive failure of the mo-
tor system including central pathways 
activated during the efforts, somehow 
also subjected to sensory pathway feed-
back modulation that leads to reduced 
work and endurance (i.e. tolerance to 
prolonged exercise) motorneuron out-
put;  the third involves a behavioural 
condition which includes subjective as-
pects of feeling of tiredness and mental 
discomfort. This composite of mean-
ings is reflected by how patients usually 
refer to it when complaining of fatigue 
(e.g. “to be exhausted”, “to have no am-
bition”, “to be tired all the time”, “to be 
burned out”) (13).
Fatigue is also a physiological phenom-

enon and, as such, it has a protective 
and conservative role (14) as it prompts 
the body to rest after demanding physi-
cal exertion that, if excessive, can prove 
dangerous for individual homeosta-
sis. Physiological fatigue is in general 
acute, as a reaction to a sustained activ-
ity, and it is alleviated by a period of 
refreshment. On the contrary, patho-
logical fatigue usually begins gradually 
(15), is not alleviated by sleep and rest 
(16) and is disproportionate to the in-
tensity of the activity (10, 17).
However, in most cases the underlying 
mechanisms of fatigue remain poorly 
understood (18). Depending on the 

origin of the symptoms, fatigue can be 
classified in central, where the central 
nervous system (CNS) reduces neural 
drive to the skeletal muscle, and pe-
ripheral, due to alterations in recruit-
ment of motoneurons, the conduction 
of action potentials along peripheral 
nerve fibres or neuromuscular trans-
mission at plaque level – all referred to 
by the term “neurogenic fatigue” – or 
impaired muscle function, in this case 
more appropriately speaking of “mus-
cle fatigue” (19, 20) (Fig. 1).
In clinical practice, fatigue is vari-
able, sometimes subtle and with a wide 
range of manifestations, for instance, 

Fig. 1. Different mechanisms underlying fatigue.
The figure illustrates the central and peripheral nervous motor system components that are involved in 
generating muscle fatigue: points 1-2-3 show structural and ultra-structural muscle remodelling and 
metabolic impairment in myopathic conditions: (1) interstitial fibrosis and fat infiltration; impairment in 
ATP production due to (2) vascularisation alterations or (3) primary mitochondrial disfunctions); point 
4 indicates the retroactive modulation of the central drive of fatigue through the inflammatory response.
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the progressive weakening of the voice 
during a speech in myasthenia gravis 
due to impaired neuromuscular junc-
tion transmission, or also to the hy-
peractive manifestations associated to 
exercise, such as cramps and contrac-
tions, due to muscle energy exhaustion 
in metabolic myopathies, respectively.

Fatigue in inflammatory 
myopathies: clinical aspects 
and physiopathology
In IIMs, fatigue typically presents with 
a progressive inability to sustain pro-
longed activities with the upper limbs, 
such as drying hair, using the telephone 
or driving, preceding or concomitant to 
muscle weakness. Shorter activities, 
such as dressing, are usually more tol-
erated. It is not uncommon that patients 
cope with fatigue by tailoring their 
tasks to reduce the duration of exer-
tion, limiting travel and planning rest 
periods after demanding activities (7).

Central fatigue in IIMs
More generally speaking, different 
conceptual models have been proposed 
to clarify whether fatigue can be con-
sidered as a symptom or comorbidity 
in neuroimmunological diseases and 
intrigued pathways and mechanisms 
between immune system and CNS are 
being enlightened in the literature.
With regard to IIMs, a strong link en-
tangles inflammation in muscle with 
systemic inflammation: for example, in 
patients with DM a marked upregula-
tion of the type I interferon (IFN) path-
way has been demonstrated not only in 
muscle and skin but also in blood (21, 
22). During inflammatory processes in 
periphery, the brain receives continuous 
information from the immune system 
through cytokines and other inflamma-
tory mediators. Cytokines may pass to 
the brain through choroid plexus and 
circumventricular organs, where the 
blood-brain barrier is less tight, or they 
can be actively transported via mol-
ecules on the brain endothelium and 
influence the synthesis of various neu-
rotransmitters (23).
In detail, it has been proved that pro-
inflammatory cytokines can reduce 
the production of tetrahydrobiopterin 
(BH4), which is an essential cofactor 

in the metabolism of tyrosine and tryp-
tophan. In turn, tyrosine is a precursor 
of  dopamine, noradrenaline, epineph-
rine, and tryptophan is a precursor of 
serotonin, important neurotransmitters 
which produce their effects through a 
variety of membrane receptors, pur-
posely distributed in different regions 
of the brain (14). Additionally, trypto-
phan is degraded to kynurenine in the 
most part by the liver and, to a lesser 
extent, extrahepatically by various 
cells, including microglia (24) by the 
enzyme indoleamine 2,3-dioxygenase 
(IDO). Physiologically, the degradation 
induced by IDO is of little relevance, 
but IDO is highly inducible by pro-
inflammatory cytokines (23). Indeed, 
in Dermatomyositis the indoleamine 
2,3-dioxygenase 1 (IDO 1) gene is up-
regulated (25) and in IBM kynurenine 
is induced (26).
This inflammation-induced alteration in 
the synthesis of neurotrasmitters may 
be, in part, responsible for the central 
component of fatigue. It is unlikely that 
a single molecule is responsible for the 
central component of fatigue (27). Pre-
vious studies that aimed to find a direct 
effect of serotonin concentration on fa-
tigue (i.e. “the serotonin hypothesis”), 
yielded contrasting results (28, 29). In-
terestingly, in different studies, the acti-
vation of the kynurenine pathway was 
linked to reduced motivation (30, 31) It 
is possible that an imbalance in the con-
centration of monoamines, in particu-
lar a high serotonin-to-dopamine ratio, 
may be involved in the cause of central 
fatigue at various levels (28).
In fact, similar inflammatory patterns 
also participate in the genesis of mood 
disorders, leading to both structural and 
functional changes in CNS, especially 
in the hippocampus regions (32).This 
entanglement may also explain the fre-
quent co-presentation of fatigue and de-
pression observed in patient with IIMs.

Peripheral fatigue in IIMs
Peripheral fatigue in IIMs basically 
arises from functional or structural im-
pairment of skeletal muscle. Different 
pathophysiological mechanisms can be 
involved in it, depending on the various 
but often concurrent pathological char-
acteristics of the disease in which pri-

mary or secondary myofibre alterations, 
either structural or metabolic, as well as 
interstitial connective disarrangement 
and inflammation and intrinsic vascu-
lar involvement have to be considered 
(Fig. 3).

Alteration of muscle architecture
Alterations of muscle architecture can 
be found at different, macro and micro-
scopical levels in IIMs. The rearrange-
ment of the muscles reduces the effi-
ciency in generating and propagating 
force. Fat infiltration, fibrotic replace-
ment and muscle atrophy of varying 
degrees are common findings in IIMs 
and may be seen in magnetic resonance 
(MRI) and ultrasound (US) imaging 
(33, 34). When muscle fibres diminish, 
those left are overloaded to sustain the 
activity undertaken, while at the same 
time progressively undergoing struc-
tural and metabolic alterations that lead 
to a functional condition of so-called 
“overworked fatigue” (13).
At histological and histochemical level, 
in patients with DM and PM, biopsies 
from vastus lateralis show a lower pro-
portion of type I fibres and a higher pro-
portion of type IIC fibres compared to 
healthy controls (35). As type I muscle 
fibres are slow-twitch, mitochondrial 
rich and less fatigability with respect to 
type II fibres as they are able to work 
longer due to their ability to rely on mi-
tochondrial oxidative phosphorylation 
(36), their loss contributes to increasing 
the fatigue phenomena.
Moreover, in several pathological con-
ditions, the angle resulting from the 
force-generating axis of the muscle and 
its fibres, the so-called “pennation an-
gle” (theta), is altered (37). Since the 
force generated in a certain direction is 
directly proportionate to the cosine of 
the theta angle (cos(thetha)), a greater 
pennation angle results in a lesser force 
transmitted to the tendons. Once the 
transmission of the force lacks its effi-
cacy, more effort is required to maintain 
the desiderate contraction, leading to an 
increase in fatigue. Considering also 
that the pennation angle varies during 
contraction (38), clear effect on how 
it affects force production is not sim-
ple (37, 39). In patients with systemic 
lupus erythematosus, a disease charac-
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terised by multi-systemic chronic in-
flammation and, in 3–11% a myositis, 
the pennation angle is increased (40). 
Nonetheless, studies should be made 
to finely assess the role of these muscle 
structural modifications in the genesis 
of fatigue and related weakness in neu-
romuscular disorders, including IIMs.

Alteration of muscle vascularisation 
and muscle metabolism
Adenosine triphosphate (ATP) is the 
molecule that supplies energy for mus-
cle contraction, and it is well known that 
a reduction of ATP production cause 
muscle fatigue. ATP is generated an-
aerobically with a low yield in the first 
10–30 seconds of maximal contraction 
and, with more efficiency, by means of 
mitochondrial respiratory chain in the 
presence of oxygen. Several factors, 
such as hypoxic conditions, intracellu-
lar acidosis, and mitochondrial abnor-
malities, may impair ATP production 
(41, 42) leading to a switch towards 
anaerobic metabolism during fatigu-
ing stimulation. The contribution of 
mitochondrial disfunctions, associated 
directly with mitochondrial abnormali-
ties or secondary to abnormal oxygen 
supply, to the pathogenesis and clinical 
manifestations of IIMs have not been 
clearly understood yet and few data are 

available regarding this. In preclinical 
models of mitochondrial myopathy, no 
increase rate of fatigue was shown but 
the ability to generate force was mark-
edly decreased; it is hypothesised that 
this lack of effect on fatigue is attributed 
to an increase in mitochondrial mass 
that compensates for the impairment of 
the respiratory chain (43).
Biopsies of patients with PM and IBM, 
but not those of patients with DM (44), 
show abnormal accumulation of mito-
chondrial DNA deletions and reduced 
activity of respiratory chain enzymes 
complexes (45-48) Rygiel et al. per-
formed a histochemical and immu-
nohistochemical analysis on sixteen 
muscle biopsies from IBM patients and 
found that fibres at different stages of 
mitochondrial disfunction were more 
likely to be atrophic compared to those 
with normal respiratory chain function, 
suggesting that a strong correlation be-
tween degree of inflammation, mito-
chondrial disfunction and atrophy exist 
in IBM (49).
A study of in vivo muscle metabolism 
shows that in DM and PM such oxidative 
metabolism deficit exists, together with 
more rapid acidification and a reduction 
in [H+] recovery during rest (50). On 
the contrary, unexpectedly, no difference 
between IBM patients and controls was 

found relating to in vivo mitochondrial 
metabolism, indicating that mitochon-
drial oxidative capacity does not seem to 
be impaired in these patients (51) Con-
sidering that in IBM capillary density 
around muscle fibres is increased (52) 
and that in vivo mitochondrial metabo-
lism is normal, Cea et al. concluded that 
the alterations seen in IIMs are presum-
ably secondary to an impaired oxygen 
supply and that histological, molecular 
and biochemical alterations in the mi-
tochondrion observed in biopsies do not 
have a pivotal role in the pathophysiolo-
gy of these diseases. In DM the progres-
sive thickness and inflammatory wall in-
filtration of perimisial vessels may cause 
muscle hypoperfusion with infarctions 
or more likely impaired blood supply 
causing chronic low oxygen delivery to 
the fibre; in PM, a reduction in number, 
an abnormal distribution and sometimes 
a thickened wall of capillaries between 
muscle fibres may contribute to the same 
phenomenon (50).
Based on these considerations, no con-
clusive data are available and further 
studies are needed to evaluate the role 
and the burden of ATP impairment due 
to alteration of oxygen supply second-
ary to vascular injuries or primary mi-
tochondrial in the determination of fa-
tigue in IIMs.

Fig. 2. Defining and measuring muscle fatigue.
a: Force decay during prolonged exercise: Sustained maximal voluntary contraction (MVC) with variable definitions. F=force produced voluntarily; 
Fm=maximally possible force; Fsx=force added by superimposed electrical stimulation; Fs=maximally possible force response on electrical stimulation; 
CAF=central activation failure (From Schillings M.L. et al., J Appl Physiol 2005; 98: 2292-7, modified).
b: MRI scan of thigh muscles showing correspondent structural (T1 sequences: upper) and inflammatory (STIR sequences: lower) alterations as related to 
an inflammatory myopathy.
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Interstitial tissue alteration 
and fibrosis
In normal conditions, the extracellular 
matrix (ECM) sustains myofibres and 
blood capillaries, intervening in the 
physiological remodelling of the mus-
cle (53). The alteration of this scaffold 
due to quantitative or functional defects 
of ECM induces progressive fibrotic 
infiltration of the muscle tissue, con-
tributing in myopathic processes, such 
as IIMS, to alter tissue elasticity with 
consequences on vectorial mechani-
cal transmission of strength to the joint 
levers, as well as increasing muscle 
susceptibility to injury and decreasing 
tissue regeneration.  Moreover, the ac-
tivation of various cells of the immune 
system after skeletal muscle damage is 
critical in driving the effectiveness of 
muscle recovery (54). An imbalanced 
interaction between immune and stro-
mal cells with myogenic cells results in 
aberrant fibrotic rearrangement of the 
muscle tissue.
In addition, fibrotic proliferation can 
strangle terminal intramuscular motor 
axon branches, which in turn contributes 
to peripheral fatigue with neurogenic 

components such as loss of myofibres 
within the single motor unit domain 
while the muscle is contracting (53).

Diagnosing and measuring 
fatigue in IIMs
Despite being a common symptom in 
myositis, fatigue is not routinely as-
sessed during medical examinations, 
probably due to a poor awareness of it 
from both patients and clinicians (7). 
This is also a reason why there is pau-
city of validated, IMMs-specific scales 
to measure fatigue, although different 
methods and scales have been proposed. 
They may be in the form of observation-
al functional tests in which an examina-
tor assesses specific patient performanc-
es on predetermined tasks, or patient-
reported outcome measures (PROMs), 
consisting of questionnaires exploring 
different fatigue-related domains.
One of the laboratory tests to measure 
central and peripheral fatigue evalu-
ates the force (F) obtained from maxi-
mal voluntary contraction (MVC) and 
compares it to the force generated by 
superimposing twitches with electrical 
stimulation (Fs). Considering that the 

force produced by electrical stimulation 
which usually activates only part of the 
muscle tissue is representative to the 
force of the muscle activated as a whole, 
Schillings et al. developed a mathemati-
cal model to simultaneously calculate 
the central and peripheral components 
of fatigue during sustained MVC (55) 
(Fig. 2). Alternatively, and when target-
ing the electrophysiological counter-
part of muscle contraction, transcranial 
magnetic stimulation – recently proved 
safe in patients with DM (56) – has been 
proposed to assess central fatigue (57). 
On the other hand, a decrease in the fre-
quency components of the spectrum of 
integrated superficial electromyograph-
ic (EMG) signal has been classically 
associated with muscle fatigue (58). 
Both of them can be compared with the 
classic decay of evoked EMG signal by 
repetitive peripheral nerve stimulation, 
the most historical laboratory model of 
which is the Desmedt test, very popular 
to diagnose Myasthenia gravis.
Exercise tests for fatigue can be cat-
egorised according to different vari-
ables which phenomenologically de-
scribe the type of exercise test, maxi-
mal versus submaximal, continuous 
versus intermittent, ischaemic versus 
non-ischaemic, isometric versus isoki-
netic and so on, and consequently can 
offer different information about fa-
tigue mechanisms. Peripheral blood 
biomarkers may be associated to the 
measure of strength or EMG during the 
test, of either structural (CK) or meta-
bolic (lactate) muscle significance.
The Childhood Myositis Assessment 
Scale (CMAS), the Functional Index 
(FI), Functional Index 2 (FI-2) and 3 
(FI-3) scale, the 2- and 6-minute walk-
ing distance test (2MWDT, 6MWDT) 
belong to the category of observational, 
functional and eventually timed tests. 
CMAS is the best validated scale spe-
cific to IMMs, designed to be used in 
jDM. FI is a disease-specific index 
consisting of fourteen functional tests 
which include evaluating endurance 
in the extremities, the neck and trunk, 
the ability to turn in bed and transfer 
from lying to sitting, grip force and 
peak exploratory flows (59). It has been 
criticised for being excessively time-
consuming to administer and for its 

Fig. 3. Muscle biopsy in IIMs showing skeletal muscle alterations at histological level responsible 
for peripheral fatigue.
HE: haematoxilin-eosin staining; FA: acid phosphatase staining; SMI: intermediate neurofilaments.
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ceiling and floor effects in patients with 
mild-to-moderate impairment (60). A 
shorter version, FI-2, avoids spirometry 
and evaluates seven different activities 
constituted by repetitive movements in 
proximal and distal muscle groups. It is 
free from ceiling and floor effects, has 
shown a good content validity and in-
ter-rater reliability in adult DM and PM, 
and has been used as an endpoint in a 
few therapeutic trials (61-64). Recently, 
a third version of the scale (FI-3) has 
been proposed for DM/PM that further 
shortens times and maintains high intra- 
and interrater reliability (64). 6MWDT 
has been validated for use in adult and 
juvenile myositis and has been used as 
primary endpoint in a randomised clini-
cal trial for IBM (65). In patients with 
IBM, the 2-minute walking distance 
test (2MWDT) has shown a high cor-
relation to 6MWDT against which it is 
better tolerated (66). The IBM Weak-
ness Composite Index is IBM specific, 
but it has not been validated yet (65).
PROMs allow clinicians to standardise 
the patients’ perspective regarding their 
own symptoms. However, no specific 
questionnaires exist as yet and generic 
forms have also been used. The 36-Item 
Short Form Survey (SF-36) has four 
items (namely: items 23, 27, 29, 31) 
that measure fatigue. The Functional 
Assessment of Chronic Illness Thera-
py-Fatigue (FACIT-F) and The Fatigue 
Severity Scale (FSS) are Likert scales 
consisting of forty and nine items, re-
spectively, regarding fatigue and how 
fatigue interferes with daily life, and 
have been used in different studies to 
assess fatigue in patients with IIMs (6).

Therapeutic challenges 
of fatigue in IIMs
Fatigue treatment remains challenging, 
in part due to the mixed, poorly under-
stood, mechanisms.
Different drugs have been proposed to 
target central or peripheral fatigue but 
none has been approved yet. Methyl-
phenidate (67) and modafinil (68) act 
with different mechanisms on various 
central neurotransmitters (e.g. dopa-
mine, norepinephrine, …) and have 
been studied to treat fatigue in a number 
of different illnesses, but concerns arise 
on the risk of addiction, especially in 

prolonged use, and their use for fatigue 
is off-label. For peripheral fatigue, car-
nitine, or branched chain amino-acid 
supplementation, aiming to restore or 
enhance intracellular supplies, have 
shown mixed results in different neu-
romuscular disorders, but no study has 
purposedly assessed patients with IIMs. 
A double-blind, randomised, placebo-
controlled trial found that six months of 
oral creatinine supplements in patients 
with PM and DM improved functional 
performance but did not have any effect 
on fatigue, as measured by Chalder fa-
tigue scores (69).
Supervised physical exercise, both aer-
obic and anaerobic, is generally safe in 
patients with neuromuscular diseases, 
showing some positive effects in terms 
of muscle strength, muscle loss, maxi-
mal oxygen uptake (VO2 max) (70, 
71) and, in patients with PM and DM, 
standardised moderate physical training 
programme determined an increased 
muscle fibre area, a change in fibre type 
composition, increasing the proportion 
of type I muscle fibres (35). On the con-
trary, two different studies assessing re-
habilitation programmes in a cohort of 
patients suffering from PM and IBM, 
respectively, while having positive ef-
fect on QoL, perceived pain and peak 
oxygen uptake (VO2 peak), did not 
show any significant improvement in 
fatigue, possibly because of their low 
statistical power, due to the low number 
of patients (72, 73). Taking these con-
siderations together, it may be advis-
able to incentivise patients to take up 
supervised physical activities, to avoid 
excessively loading a system burdened 
with a pathology and, as such, is more 
prone to be damaged by over-exercise.

Conclusions
For specialists in their everyday clini-
cal practice the most important ques-
tions are how to properly investigate 
and manage fatigue. Fatigue is a com-
mon symptom in IIMs and greatly in-
terferes with patients’ ADLs and QoL. 
Its clinical presentation is variable in 
patients’ daily motor activities, such as 
difficulty in sustaining activities with 
the upper limbs or walking and is often 
undervalued by clinicians or not prop-
erly considered in a context in which, 

for instance, also cardiac or respiratory 
insufficiency can contribute to exercise 
intolerance. Inflammation may play 
a role both in the central and periph-
eral components of fatigue and maybe 
involved, although indirectly, also in 
the mood disorders that are often as-
sociated with it. Alteration of muscle 
architecture and metabolism may be 
determinants of peripheral aspects of 
fatigue, as well as different inflam-
matory patterns should influence both 
central and peripheral fatigue mecha-
nisms which in these cases cannot be 
easily disjointed. Different scales and 
methods to measure both central and 
peripheric fatigue have been proposed 
but few scales have been validated in 
IIMs. Treatment is still challenging, the 
effectiveness of different interventions 
is very poor and difficult to assess. New 
pharmacological treatments are needed 
and supervised physical programmes 
tailored to patient’s performance ability 
should be considered.
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