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ABSTRACT

Muscle dysfunction, defined as the loss of either strength or endurance properties of 
muscles, is a prominent comorbidity in chronic obstructive pulmonary disease (COPD) 
that leads to impairment of the patients’ exercise capacity and quality of life. Chronic 
obstructive pulmonary disease skeletal muscle dysfunction may affect both respiratory 
and limb muscles. However, the latter are usually more severely affected. Importantly, 
survival and COPD mortality are negatively influenced by dysfunction of the lower limb 
muscles and poor muscle mass as measured by mid-thigh cross-sectional area. In the current 
review, we discuss the effects of skeletal muscle dysfunction and wasting on the outcome 
of COPD. Additionally, whether muscle dysfunction takes place in respiratory disorders 
other than COPD, such as cystic fibrosis, idiopathic pulmonary fibrosis, scoliosis, and 
pulmonary arterial hypertension along with critical illness, is also reviewed herein. 
Identification of skeletal muscle dysfunction should be included in the routine assessment 
of patients with chronic respiratory disorders and in critical care settings and should be 
considered as a relevant target for treatment. (BRN Rev. 2016;2:129-42)
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INTRODUCTION

In the coming decade, chronic obstructive 
pulmonary disease (COPD) will clearly be a 
major leading cause of death worldwide1,2. 
Muscle dysfunction, defined as the loss of 
either strength or endurance properties of 
muscles, is also a prominent condition in 
COPD that leads to impairment of the pa-
tients’ exercise capacity and quality of life 
(Fig. 1)3. Other factors and conditions, such as 
muscle wasting, malnutrition, chronic heart 
failure, exacerbations, and reduced physical 
activity, may further deteriorate muscle func-
tion in COPD patients3,4. Despite that COPD 
skeletal muscle dysfunction may affect both 
respiratory and limb muscles, the latter are 
usually more severely affected. These are 
clinically relevant features as survival and 
COPD mortality are negatively influenced by 
both dysfunction of the lower limb muscles 
and poor muscle mass as measured by mid-
thigh cross-sectional area3,5-7. Moreover, exac-
erbations rapidly induce loss of muscle force 
and activate different pathways, leading to 
muscle wasting and dysfunction; this may 
contribute to increasing the risk of hypercap-
nic respiratory failure, exercise limitation, 
and even death in patients with COPD8. In 
the current article, muscle dysfunction of the 
lower limbs and that of the respiratory mus-
cles are reviewed independently. 

Whether muscle dysfunction also takes place 
in other chronic respiratory conditions with 
low-grade systemic inflammation remains an 
open question as very few studies have been 
conducted to explore this problem. Indeed, ev-
idence on the occurrence of respiratory or low-
er limb muscle weakness in respiratory diseas-
es other than COPD is still in its infancy, thus 

Skeletal  muscle  dysfunction

Muscle performance - Weakness

Strength

Endurance

Develop 
maximal force

Maintain
force over time

Figure 1. Schematic representation on how the two main 
properties of skeletal muscle contraction (strength and 
endurance) determine muscle performance or weakness when a 
significant reduction in muscle force generation (the most 
commonly studied parameter in COPD patients) occurs.  
COPD: chronic obstructive pulmonary disease.

emphasizing its role as a model to study mus-
cle dysfunction in other respiratory condi-
tions. In the last two decades, COPD muscle 
dysfunction has drawn most of the investiga-
tors’ attention, probably as a consequence of 
the high prevalence of this condition as well 
as the socioeconomic burden of the costs re-
lated to the patients’ management and treat-
ment. Nevertheless, current evidence sug-
gests that muscle dysfunction and weakness 
may also be a relevant comorbidity in patients 
with lung diseases other than COPD, which 
warrants special attention in future investiga-
tions. Furthermore, critically ill patients also 
experience muscle mass loss and weakness 
that negatively influence the patient’s prog-
nosis and quality of life after intensive care 
unit (ICU) discharge8,9. 

In the current review, we discuss the effects 
of skeletal muscle dysfunction and wasting on 
the outcome of COPD. On the other hand, 
whether muscle dysfunction takes place in re-
spiratory disorders other than COPD, such as 
cystic fibrosis, idiopathic pulmonary fibrosis, 
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scoliosis, pulmonary arterial hypertension, 
and critical illness, is also briefly reviewed 
herein. 

SKELETAL MUSCLE DYSFUNCTION 
IN COPD

Poor muscle function and mass loss are com-
mon systemic manifestations in COPD pa-
tients. In general, poor muscle mass and low-
er limb muscle dysfunction, as assessed by 
mid-thigh cross-sectional area and quadriceps 
weakness (defined as a decline in the ability 
to generate force), respectively, strongly influ-
ence exercise capacity and quality of life10-12. 
Additionally, muscle weakness and atrophy 
lead to an increase in the use of healthcare 
resources13 and are predictors of survival and 
mortality in patients with COPD5-7.

In general, muscles of the lower limbs in 
COPD patients exhibit greater susceptibility 
to fatigue than age-matched healthy sub-
jects14-18. Strength and endurance properties 
are impaired in the lower limb muscles of 
patients with COPD (Fig. 1)19-22. Although 
strength is not the most sensitive measure to 
evaluate muscle function in patients, it is 
commonly used in clinical settings as it can 
be easily measured in patients. 

Quadriceps muscle dysfunction was a rele-
vant manifestation in approximately one third 
of the COPD patients, even at very early 
stages of their disease, as demonstrated in a 
multicenter European-based study23. The pro-
portion of patients with muscle weakness 
was identical in the different participating 
countries regardless of the patients’ airway ob-
struction23. The prevalence of muscle weakness 

among the patients did not significantly cor-
relate with disease severity as measured by 
Global Initiative for COPD (GOLD) grades23. 
Nonetheless, the prevalence of COPD muscle 
weakness was associated with BODE (body 
mass index, airflow obstruction, dyspnoea, 
exercise capacity) and dyspnoea scores23. In 
another study, quadriceps strength and rec-
tus femoris cross-sectional area were also sig-
nificantly reduced in a cohort of 161 COPD 
patients that were evenly distributed from 
GOLD grades 1-4 compared to a population 
of age-matched healthy controls6. Further-
more, the decrease in endurance of lower 
limb muscles in COPD patients with normal 
physical activity and mild-to-moderate dis-
ease did not correlate with airway obstruction 
or quadriceps muscle weakness as demon-
strated in another investigation16. The study 
also concluded that lower limb muscle endur-
ance was reduced in COPD patients, even in 
those with a mild disease, and that such a 
decrease may precede strength impairment 
of the same muscles in COPD16. Collectively, 
the reported findings put forward the line 
that in COPD patients, impairments in mus-
cle function (strength and/or endurance) are 
independent of the airway obstruction or 
lung function status. Therefore, skeletal mus-
cle function should be evaluated in all pa-
tients with COPD, irrespective of the severity 
of the lung disease. 

In COPD, despite that the respiratory muscles 
undergo a positive adaptation (training-like 
effect) that renders them more fatigue-resis-
tant22,24,25, maximal inspiratory and expirato-
ry pressures (strength) and endurance of 
these muscles were consistently reduced in 
the patients22,24-27. Respiratory muscle dys-
function imposes ventilatory constraints on 
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patients that may worsen the underlying 
chronic respiratory failure frequently present 
in COPD patients, especially in advanced stag-
es. Furthermore, respiratory muscle dysfunc-
tion constitutes an important factor, accounting 
for an increased risk of hospital readmissions28. 
On the other hand, acute exacerbations rep-
resent a major systemic contributor that 
equally affects both limb and respiratory 
muscles in patients with COPD8,29. Specifical-
ly in the ventilatory muscles, the need of 
these muscles to overcome the inspiratory 
loads imposed by the increased ventilatory 
demands resulting from the acute exacerba-
tion may even further impair respiratory 
muscle strength. 

MULTIFACTORIAL AETIOLOGY OF 
MUSCLE DYSFUNCTION IN COPD: 
FACTORS AND MECHANISMS

Several factors and biological mechanisms 
have been shown to participate in the multifac-
torial aetiology of respiratory and limb muscle 
dysfunction in COPD. Cigarette smoke, hy-
poxia, hypercapnia and acidosis, metabolic 
alterations of several types, malnutrition, ge-
netics, systemic inflammation, aging, comor-
bidities, concomitant treatments, exacerba-
tions, and inactivity are counted among the 
most relevant aetiological factors that contrib-
ute to muscle dysfunction in COPD patients 
through the action of several biological mech-
anisms. The contribution of several factors and 
mechanisms, such as structural abnormalities, 
muscle remodelling, oxidative stress and mus-
cle wasting, epigenetic regulation of muscle 
mass and function, autophagy, and metabolic 
derangements, has been discussed in previ-
ously published reviews3,19-22,24. Interestingly, 

the biological mechanisms involved in the 
pathophysiology of muscle dysfunction have 
been predominantly studied in the vastus lat-
eralis of the quadriceps and in the diaphragm 
of patients with COPD. A brief summary of 
the most relevant aetiological factors and 
mechanisms in both muscle types follows.

Quadriceps Muscle Dysfunction

Cigarette smoke, genetics, hypoxia, hyper-
capnia and acidosis, metabolic derangements 
including vitamin D and testosterone deficien-
cies, medications (systemic corticosteroids), 
other comorbidities, exacerbations, systemic 
inflammation, nutritional abnormalities, re-
duced physical activity, and aging are all 
aetiological factors that clearly contribute to 
muscle dysfunction of the lower limbs in 
COPD3,19-22 (Fig. 2). Nevertheless, the pre-
dominance of physical inactivity6, nutritional 
abnormalities4,19, repeated exacerbations8,29-31, 
and systemic corticosteroids32 should be un-
derscored above the other factors as the main 
contributors to muscle function and mass im-
pairment, especially in advanced COPD. 

As depicted in figure 3, several molecular 
and cellular events take place in the lower 
limb muscles, which mediate the effects of 
the different aetiological factors in patients, 
leading to modifications in the muscle phe-
notype and function. A fibre-type switch to-
wards a less fatigue-resistant phenotype 
(from slow-twitch to fast-twitch fibres) is a 
major feature in the vastus lateralis of pa-
tients with advanced COPD33-36. Further-
more, fast-twitch fibres are also of smaller 
size in patients with advanced COPD and 
poor muscle mass33-35, thus contributing to 
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muscle weakness. Additionally, factors such 
as aging37, malnutrition38, and systemic corti-
costeroid treatment39 may worsen the fast-
twitch fibre atrophy observed in COPD. Be-
sides, a reduction in the capillary numbers 
and contacts40,41 that could eventually impair 
oxygen delivery to the myofibers42-44 is anoth-
er contributing biological mechanism. Other 
structural abnormalities, such as muscle cell 

membrane and sarcomere damage, may also 
negatively influence muscle function35. Mito-
chondrial derangements of several types were 
also demonstrated to alter muscle function in 
COPD45-47 (Fig. 3). 

Chronic hypoxia induced a reduction in mus-
cle mass, probably as a result of the interac-
tion of several molecular mediators such as 

Limb muscles

Genetics
Cigarette smoke
Systemic inflammation
Nutritional abnormalities
Metabolism
Hypoxia
Hypercapnia-acidosis
↓ Physical activity
Exacerbations
Aging
Comorbidities
Medications

Deconditioning

Factors

Aetiology of muscle dysfunction in COPD

Figure 2. Several aetiological factors involved in the multifactorial aetiology of muscle dysfunction exert deleterious effects on the 
function and mass (deconditioning) of lower limb muscles in patients with COPD. Hence, the balance is completely skewed towards the 
negative side.  
COPD: chronic obstructive pulmonary disease.
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inflammation48, hypoxia inducible factor-1 
signalling pathway49, oxidative stress50,51, and 
reduced oxidative enzyme capacity and cap-
illary numbers36,52. Hypercapnia, which may 
worsen during exacerbations, may also play 
a role in COPD muscle dysfunction through 
acidosis as it enhances ubiquitin-proteasome 
proteolytic system activity and/or through a 
reduction in protein anabolism53 (Fig. 3).

Oxidative stress, defined as the imbalance be-
tween oxidants and antioxidants, and as mea-
sured by several markers, such as protein 
oxidation and nitration and lipid peroxida-
tion, has been consistently shown in blood 
and limb muscles of patients with severe 
COPD both at rest and after exercise33,35,51,54-61. 
Importantly, oxidative stress markers were 
also shown to inversely correlate with several 

Limb muscles

Oxidative stress
↑ Proteolysis 
↓ Protein synthesis
Muscle damage
Apoptosis
Autophagy
Impaired regeneration
↓ % Type I fibres
↓ Capillary contacts
↓ Mitochondrial density
↓ Enzyme capacity
↓ Myoglobin
Atrophy

Biological events

Aetiology of muscle dysfunction in COPD

Figure 3. In lower limb muscles, several biological events that mediate the actions of the aetiological factors exert direct deleterious 
effects on muscle function, structure, and mass. Hence, the balance is completely skewed towards the negative side.  
COPD: chronic obstructive pulmonary disease.
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clinical and physiological parameters such as 
exercise capacity, body composition, and 
quadriceps strength of the patients33,35,56,57,61 
(Fig. 3). Although oxidative stress and inflam-
mation have been previously associated, evi-
dence shows that local inflammatory events 
do not seem to occur in muscles of COPD 
patients33,35,51,56,58,61,62, even in atrophying 
muscles or during exacerbations.

Cigarette smoke may also contribute to 
limb muscle dysfunction in COPD through 
several biological mechanisms such as de-
creased type I fibre sizes and proportions 
and reduced mitochondrial activity, while 
concomitantly causing an increase in oxida-
tive stress levels in healthy smokers and 
experimental animal models of chronic ex-
posure to cigarette smoke58,63,64 (Fig. 1). 
Other relevant molecular and cellular events 
that have been shown to mediate muscle 
mass loss and dysfunction in COPD from 
different aetiological factors are increased 
proteolysis33,35, apoptosis62, epigenetic mech-
anisms34,65-68, and increased autophagy35 
(Fig. 3). 

Diaphragm Muscle Dysfunction

In COPD, since the respiratory muscles are 
chronically exposed to the inspiratory loads 
and must remain active throughout the life 
of patients, they are less severely affected 
than the lower limb muscles. In the last years, 
respiratory muscles have been studied 
through the analyses of the costal diaphragm, 
with very restricted access, and only via tho-
racotomy performed for clinical reasons 
(mainly lung cancer and lung volume reduc-
tion surgeries). 

In COPD patients, modifications in ventilatory 
mechanics as a result of static pulmonary hy-
perinflation, which modifies thorax geometry 
and shortens the diaphragm length, displace 
the muscle away from its optimal length to 
generate the required forces19-22. Additionally, 
their respiratory muscles need to overcome the 
increased work of breathing resulting from the 
greater elastic, resistive, and threshold inspira-
tory loads imposed by airflow limitation19-22. 
These factors, which are inherent to the respi-
ratory condition (ventilatory mechanics alter-
ations), constitute the main contributors to re-
spiratory muscle dysfunction in COPD (Fig. 4). 
However, it has also been shown that in COPD 
patients, the respiratory muscles somehow 
undergo a positive adaptation (training-like 
effect) that renders them (especially the dia-
phragm) more fatigue-resistant compared to 
diaphragm forces developed by healthy sub-
jects when exposed to identical lung vol-
umes19-22 (Fig. 4). Finally, similar aetiological 
factors involved in the dysfunction of the 
lower limb muscles may also affect, to differ-
ent degrees, the respiratory muscles in COPD: 
cigarette smoke, hypoxia, hypercapnia and 
acidosis, metabolic derangements, malnutri-
tion, genetics, systemic inflammation, aging, 
comorbidities, concomitant treatments, exac-
erbations, and reduced physical activity3,19-22 
(Fig. 4). However, in COPD, respiratory muscle 
dysfunction, exacerbations, nutritional abnor-
malities, and aging are likely to play a key 
role above the other contributing factors3,19-22. 

As illustrated in figure 5, several molecular 
and cellular events that take place in the lower 
limb muscles also seem to mediate the effects 
of the different aetiological factors that nega-
tively influence phenotype and function in 
the respiratory muscles. Nonetheless, specific 
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cellular and molecular events also mediate 
beneficial effects (adaptive biological media-
tors) on the diaphragm of COPD patient such 
as shorter sarcomere length, higher propor-
tions of slow-twitch fibres and myoglobin con-
tent, increased capillary contacts per fibre, in-
creased mitochondrial density, and enhanced 

aerobic enzyme capacity (see specific reviews19-22) 
(Fig. 5). On this basis, the adaptive mecha-
nisms may offset, to a certain extent, the ad-
verse phenotypic features in the diaphragm 
of patients with COPD. In these patients, the 
final respiratory muscle outcome will rely on 
the balance between deleterious and adaptive 

Genetics
Cigarette smoke
Systemic inflammation
Nutritional abnormalities
Metabolism
Hypoxia
Hypercapnia-acidosis
↓ Physical activity
Exacerbations
Aging
Comorbidities
Medications

Ventilatory mechanics

Factors

Respiratory muscles

Training-like
effect

Aetiology of muscle dysfunction in COPDAetiology of muscle dysfunction in COPD

Figure 4. Schematic representation on how the different reported aetiological factors contribute to respiratory muscle dysfunction in 
COPD through the action of several biological mechanisms that modify muscle phenotype and function in patients. Notice that in COPD 
respiratory muscle dysfunction, as opposed to dysfunction of the lower limb muscles, several aetiological factors may exert beneficial 
effects (training-like effect) on muscle mass and performance through the action of different biological mediators (adaptive mechanisms) 
that lead to adaptation of the inspiratory muscles in COPD. These adaptive mechanisms partly counterbalance the deleterious effects of 
other factors and mechanisms of a rather systemic nature (depicted in the left-hand side of the figure).  
COPD: chronic obstructive pulmonary disease.
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biological mediators (Fig. 5), which may also 
differ between stable and acute conditions 
within the same patient. Interestingly, in the 
external intercostal muscle of COPD patients, 
similar adaptive cellular events may also take 
place19-22. In advanced COPD, however, biolog-
ical mechanisms concomitantly affecting the 
lower limbs, such as injury, oxidative stress, 
enhanced proteolysis and reduced anabolism, 
apoptosis, and epigenetic events, will prevail 
over the adaptive mechanisms (Fig. 5).

MUSCLE DYSFUNCTION IN OTHER 
RESPIRATORY CONDITIONS

Cystic Fibrosis

Patients with cystic fibrosis (CF) may develop 
respiratory muscle dysfunction (decreased 
strength and endurance) as a result of several 
contributing factors such as airflow limitation, 
hyperinflation, malnutrition, chronic infec-
tion, genetic predisposition, and medication69. 

Oxidative stress
↑ Proteolysis 
↓ Protein synthesis
Muscle damage
Apoptosis

↑ % Type I fibres
↑ Capillary contacts
↑ Mitochondrial density
↑ Myoglobin
↑ Aerobic enzyme
capacity 
Shorter sarcomerae

Biological events

Respiratory muscles

Aetiology of muscle dysfunction in COPD

Figure 5. In the respiratory muscles, several cellular and molecular mechanisms exert beneficial effects (adaptive mechanisms, right-
hand-side tray), which partly counterbalance the deleterious actions of other biological events (left-hand-side tray).  
COPD: chronic obstructive pulmonary disease.
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Indeed, skeletal muscle weakness and exer-
cise intolerance are prevalent in patients with 
CF70. Moreover, poor exercise tolerance, which 
is an independent risk factor of morbidity 
and mortality in patients with CF69,71, was 
commonly associated with impaired lung 
function, nutritional status, chronic inflam-
mation, and infection69,71,72. Exercise aerobic 
training, inspiratory muscle training, and 
noninvasive ventilation, aside from dietary 
and pharmacological interventions, are cur-
rently available strategies to alleviate respira-
tory muscle dysfunction in CF patients69. 

Idiopathic Pulmonary Fibrosis

It remains unknown whether patients with 
idiopathic pulmonary fibrosis (IPF) may de-
velop muscle weakness of either respiratory 
or limb muscles during the course of the dis-
ease. Nonetheless, it was previously shown 
that in a series of patients with emphysema, 
IPF, and neuromuscular disease, respiratory 
muscle strength and gas exchange were sim-
ilarly reduced73. On the other hand, reduced 
quadriceps force has been reported in IPF 
patients and was a predictor of exercise ca-
pacity (as measured by oxygen uptake)74.

Scoliosis

In a previous investigation75, patients with 
severe scoliosis exhibited significant quadri-
ceps muscle weakness and alterations in the 
structure of the vastus lateralis compared to 
healthy age-matched sedentary controls. Fur-
thermore, compared to healthy age-matched 
controls, a significant decrease in respiratory 
and limb muscle function was also observed 

in patients with adolescent idiopathic scolio-
sis that was associated with poorer exercise 
capacity, regardless of lung function76. In-
deed, patients with adolescent idiopathic sco-
liosis exhibited significant alterations in body 
composition77,78.

Pulmonary Arterial Hypertension

Skeletal muscle abnormalities have been 
demonstrated in patients with pulmonary ar-
terial hypertension PAH79-81. As in COPD, 
skeletal muscle weakness in PAH patients 
leads to increased dyspnoea, fatigue, poor ex-
ercise tolerance, and impaired quality of 
life79-81. Similarly, a switch to a less fatigue-re-
sistant phenotype (lower proportions of slow-
twitch fibres) and increased anaerobic metab-
olism have been demonstrated in the lower 
limb muscles of patients with PAH82-84. Fur-
thermore, an anabolic/catabolic imbalance 
(increased proteolytic markers and reduced 
mitochondrial ATP production) has been re-
cently demonstrated in the gastrocnemius 
and blood in an experimental model of PAH 
together with significant body and muscle 
weight loss85. In view of these findings, pul-
monary rehabilitation and exercise training 
have recently gained a lot of attention in the 
scientific community to alleviate skeletal 
muscle dysfunction and exercise intolerance 
in patients with PAH80,86. 

EVIDENCE OF MUSCLE 
DYSFUNCTION IN CRITICALLY  
ILL PATIENTS

Muscle atrophy and weakness have long been 
recognized as manifestations of severe illness. 
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The impact of intensive care unit (ICU) acquired 
neuromuscular dysfunction is rather difficult 
to estimate9,87. In survivors of critical illnesses, 
functional disability and impaired quality of 
life have been related to neuromuscular 
complaints including persistent pain, contrac-
tures, and muscle weakness. Weakness affects 
the extremities and the diaphragm with rela-
tive sparing of the cranial nerves such that 
facial grimace is usually preserved. The find-
ing of generalized weakness is extremely 
common in critically ill patients and warrants 
a review of aetiologies that are not necessarily 
identified in ICU settings. 

Electrophysiological studies have demon-
strated the presence of focal compressive 
mononeuropathy, polyneuropathy, and/or 
myopathy persisting from months to years 
after the acute critical illness. In the ICU acute 
setting, muscle weakness is associated with 
prolonged mechanical ventilation, failure to 
separate from the ventilator, delayed dis-
charge from the ICU and hospital, and great-
er costs88-90. Recognition of neuromuscular 
dysfunction as an important and potentially 
long-term manifestation of critical illness has 
led to the identification of preventive or ther-
apeutic interventions including glycemic con-
trol, measures focused on early mobility, as 
well as physical and occupational therapy. 

Despite the difficulties encountered to artic-
ulate a comprehensive diagnostic nomencla-
ture and classification, an effort has been 
made to establish the following definitions. 
First of all, the term ICU-acquired weakness 
(ICU-AW) refers to clinically detected weak-
ness in critically ill patients in whom there is 
no plausible aetiology other than critical ill-
ness. Patients with ICU-AW and documented 

polyneuropathy and/or myopathy are classi-
fied into three categories: (i) critical illness 
polyneuropathy (CIP) refers to patients with 
ICU-AW who have electrophysiological evi-
dence of an axonal polyneuropathy91; (ii) crit-
ical illness myopathy (CIM) refers to patients 
with ICU-AW who have electrophysiological-
ly and/or histologically defined myopathy92; 
and (iii) critical illness neuromyopathy 
(CINM) indicates patients who have electro-
physiological and/or histological findings of 
coexisting CIP and CIM. 

Critical illness myopathy is identified in pa-
tients who meet the criteria for ICU-AW and 
who have myopathy features on electromyog-
raphy (EMG) recorded during voluntary mus-
cle contraction and/or myopathy muscle bi-
opsy92. Physical examination findings are not 
usually specific. It is difficult to differentiate 
CIM from CIP, except in fully awake patients 
in whom the documentation of a new distal 
sensory loss is suggestive of CIP. However, in 
patients who are unable to voluntarily con-
tract muscle, EMG and/or nerve conduction 
studies differentiate poorly between CIP and 
CIM, but preserved neuronal action potential 
amplitudes are suggestive of CIM without 
coexisting CIP. In patients unable to volun-
tarily contract, confirmation of CIM is based 
on muscle biopsy procedures and/or direct 
muscle stimulation. Thick filament (myosin) 
loss, type II fibre atrophy, and necrosis are 
usually counted among the most relevant 
pathological features in CIM. Besides, in-
creased blood creatine kinase has also been 
shown in CIM. A differential diagnosis should 
always be conducted between CIM and other 
conditions such as disuse muscle atrophy, ste-
roid myopathy, cachexia, rhabdomyolysis, and 
decompensation of primary muscle disorders. 
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Although there is no diagnostic gold stan-
dard for ICU-AW or its categories, several 
measures and clinical tests should be per-
formed in order to quickly identify the prob-
lem in the critically ill patient93.

CONCLUDING REMARKS

Skeletal muscle dysfunction is a major sys-
temic manifestation in patients with respira-
tory conditions. In the last two decades, most 
of the research in this field has been devoted 
to the elucidation of the prevalence and aeti-
ology of muscle dysfunction in COPD. Mus-
cle weakness and wasting predict morbidity 
and mortality in patients with COPD. However, 
the mechanisms potentially linking muscle 
dysfunction and the primary organ disease 
remain to be fully elucidated. Current ave-
nues of research in this arena focus on the 
identification of biological mechanisms that 
may help design novel therapeutic strategies 
to better treat muscle dysfunction in COPD, 
regardless of the lung disease. Moreover, in-
terest in elucidation of the pathophysiology 
of muscle dysfunction in the critically ill pa-
tient is also growing. Evidence emerging 
from the field of COPD muscle dysfunction 
should be used as a model for enhancing cur-
rent knowledge on the specific role of muscle 
weakness and dysfunction in patients bear-
ing other chronic respiratory disorders, in 
which muscle dysfunction is prevalent, as 
well as in critical illness. Importantly, the 
specific contribution to muscle dysfunction of 
therapies commonly prescribed in patients 
with chronic respiratory disorders and criti-
cal illness, such as systemic corticosteroids 
and immunosuppressants, should also be the 
focus of future research in these patients. 

Identification of skeletal muscle dysfunction 
should be included in the routine assessment 
of patients with chronic respiratory disorders 
and in critical care settings. 
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