
Skeletal muscle dysfunction:
a ubiquitous outcome in chronic
disease?
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Skeletal muscle wasting is a debilitating
consequence of respiratory disease,
particularly well characterised in individ-
uals with chronic obstructive pulmonary
disease (COPD). However, it remains
controversial whether peripheral muscle
dysfunction is an intrinsic part of the
respiratory disease process, or a generalised
response to multiple atrophy stimuli.
Such debate has not only informed the
subtleties of pathophysiology, but has also
instigated detailed analyses of the molec-
ular mechanisms involved in the induc-
tion of muscle atrophy, identifying the
ubiquitineproteasome system (UPS) as
the predominant pathway required for the
rapid proteolysis seen in muscle wasting.

In this issue of Thorax (see page 113),
Mainguy et al contribute to our knowledge
of muscle weakness in chronic respiratory
disease, characterising peripheral muscle
function in patients with idiopathic
pulmonary arterial hypertension (IPAH).1

Ten WHO functional class IIeIII patients
with IPAH and 10 matched healthy
controls underwent exercise capacity
assessment, quadriceps strength testing
and peripheral muscle morphology anal-
ysis. Patients with IPAH demonstrated
a lower proportion of type I fibres in vastus
lateralis muscle biopsies than healthy
controls (38% vs 50%), and this was asso-
ciated with reduced quadriceps strength
and a relatively higher potential for
anaerobic metabolism (enzymatic ratio of
phosphofructokinase (PFK)/3-hydroxyacyl
CoA dehydrogenase (HDAH)). While there
was no correlation between the proportion
of type I fibres and muscle strength with
pulmonary haemodynamic parameters,
a positive correlation was demonstrated
for peripheral muscle strength and exercise
capacity (R2¼0.42, p¼0.04). The authors
conclude that peripheral muscle dysfunc-
tion may contribute to exercise intolerance

in patients with IPAH. With relatively
small numbers in the study groups, the
association between peripheral muscle
strength and exercise capacity should be
interpreted with caution. No difference in
muscle strength was detected when
corrected for muscle cross-sectional area
and, apart from the proportion of type I
fibres, no other differences in muscle
morphology were identified between the
groups. It is therefore uncertain that the
changes in enzymatic ratios correlate
directly with fibre type. Despite these
limitations, this study prompts the
elucidation of molecular mechanisms
involved in peripheral muscle dysfunction,
and invites a formalised investigation into
the impact of exercise training upon
physiological and clinical measures in
IPAH.
The findings of Mainguy et al are

consistent with previous studies exam-
ining muscle dysfunction in IPAH. Both
isometric forearm muscle strength and
respiratory mouth pressures are observed
to reduce in patients with IPAH.2 3

Peripheral muscle strength has also been
shown to correlate with 6 min walk
distance.3 While these observations may
be important in our understanding of the
systemic consequences of IPAH, it remains
to be determined if muscle wasting is
caused by IPAH. Furthermore, similar
changes in muscle morphology and
strength are observed in other pulmonary
diseases, suggesting a generalised process.
Peripheral muscle dysfunction is a major

systemic consequence of COPD and has
been well characterised.4 In COPD reasons
for sarcopaenia are thought to be multi-
factorial, albeit with the effects of disuse
accepted as the principle driver. This is
largely supported by the morphological
and functional reversal of changes seen
following exercise training. The relative
contributions of systemic inflammation,
oxidative stress, tissue hypoxaemia, corti-
costeroids and malnutrition are unclear.
Compared with matched controls,
patients with COPD exhibit preferential
loss of lower limb mass, strength and

endurance.5 In particular, the emphysema
phenotype is most associated with muscle
loss; the carbon monoxide transfer coeffi-
cient (KCO) is a strong correlate of muscle
mass.6 In general, histological and
biochemical changes found within the
quadriceps have favoured loss of endurance
or aerobic muscle function. Quadriceps
strength directly correlates to exercise
capacity and peak oxygen uptake, and
muscle cross-sectional area and strength
have both been shown to be strong inde-
pendent predictors of mortality.7 These
data clearly place skeletal muscle
dysfunction as being implicated in the
clinical manifestations of COPD. More-
over, the impact of poorly efficient
musculature may be compounded in
COPD by competition for oxygen from so-
called “respiratory steal”.8

In idiopathic pulmonary fibrosis (IPF)
peripheral muscle weakness also contrib-
utes to exercise endurance.9 Quadriceps
strength correlates with exercise capacity
and is an independent predictor of peak
oxygen consumption. Several other studies
report peripheral muscle dysfunction in
different systemic conditions, including
chronic heart and renal failure. Patients
with chronic heart failure demonstrate
increased blood lactate levels and reduced
peripheral oxygen consumption despite
normal leg blood flow, suggesting that
skeletal muscle dysfunction is responsible
for this anaerobic metabolism.10 Uraemia
in chronic kidney disease is associated with
low protein stores, and the catabolic state
observed in renal failure is thought to
induce muscle atrophy.11 It is therefore
highly plausible that skeletal muscle
dysfunction results from factors common
to many chronic diseases, rather than an
intrinsic disease process. Indeed, recent
developments in our understanding of the
molecular mechanisms of muscle atrophy
support this hypothesis.
Muscle mass is critically determined by

the rate of protein synthesis versus
protein degradation, and it is established
that the predominant mechanism for
muscle atrophy is accelerated proteolysis.
Different atrophy stimuli (ranging from
disuse, to glucocorticoids, to acidosis, to
cachexia) activate a common transcrip-
tional profile that induces protein break-
down, principally through activation of
the UPS.12e14 Elegant studies in animal
models have shown that these diverse
atrophy-inducing stimuli initiate
a common biological pathway, triggered
by activation of Forkhead transcription
factors (particularly FoxO1 and 3)15 16

and alterations in expression of a set of
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w80 genes, termed “atrogenes”, which
include several components of the ubiq-
uitin pathway.13 17 18 In particular, two
atrophy-specific ubiquitin E3 ligases,
MuRF1 and atrogin-1 (MAFbx), are upre-
gulated in catabolic states and are essential
for rapid muscle wasting in animal
models.19 Although the substrates and
detailed molecular mechanisms of these
muscle ligases remain to be determined,
upregulation of this FoxO-mediated
pathway has been observed in human
disease. FoxO1, atrogin-1 and MuRF1
transcripts are upregulated in the quadri-
ceps muscles of patients with COPD with
peripheral muscle dysfunction when
compared with controls,20 and complete
diaphragmatic inactivity in ventilated
brain-dead organ donors is associated with
significant increases in muscle atrogin-1
and MuRF1 mRNA expression.21

However, not all studies demonstrate
consistent findings. Diaphragmatic biop-
sies in patients with mild to moderate
COPD show a significant increase in
atrogin-1 transcripts but no change in
MuRF1 expression.22 Changes in gene
transcripts do not directly equate with
protein levels, and with the paucity of data
on MuRF1 and atrogin-1 protein expres-
sion it remains difficult to attribute
particular conclusions to these human
studies. It is therefore essential that future
studies determine the detailed molecular
mechanisms involved in muscle atrophy
and, in particular, the temporal relation-
ship of protein expression of muscle ubiq-
uitin ligases to ubiquitinated protein
species within atrophying muscle.

Whilst activation of the UPS is the
major component of atrophy induction,
many other cellular processes may poten-
tially influence muscle mass and function.
Factors such as corticosteroids and
hormone changes may induce muscle
wasting through distinct mechanisms
such as inhibition of IGF-1 (insulin like
growth factor-1), a growth factor that
increases muscle mass by increasing

protein synthesis and myogenesis, or by
inducing myostatin, a secreted growth
factor that negatively regulates muscle
mass. Further studies are therefore essen-
tial to elucidate how these complex
pathways are impacted by respiratory
disease to induce muscle dysfunction, and
examine their relative contribution to
rapid muscle proteolysis compared with
the UPS.
One hopes that understanding the

detailed molecular biology of muscle
atrophy will provide the basis for future
drug targets and guide the impact of
therapeutic strategies on muscle function.
Moreover, as demonstrated in the study of
Mainguy et al it is appropriate to explore
the implications of these findings in
respiratory diseases other than COPD as
well as in different debilitating long-term
conditions.
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