
C hronic heart failure (CHF) is a dy-
namically evolving syndrome cha-
racterised by a multitude of patho-

physiological changes that act in parallel
with neurohormonal hyperactivity and in-
volve both the centre (cardiac remodel-
ling) and the periphery (endothelial dys-
function and peripheral myopathy).1 Re-
cent experimental and clinical data have
shown that in CHF there are disturbances
of peripheral perfusion related to in-
creased peripheral vessel tone, both at rest
and after stimulated vasodilation. More-
over, in recent years it has been proved
that the skeletal muscles play a role in the
pathophysiology of the syndrome, since
metabolic and structural changes in the
skeletal muscle cells are actively implicat-
ed in the deterioration of the clinical symp-
toms of patients with CHF. Thus, dysp-
noea and reduced exercise tolerance, two
main symptoms of CHF, appear to devel-
op independently of the haemodynamic
changes and the reduction in left ventric-
ular systolic function and are more close-
ly related with the above mentioned dis-
turbances of the peripheral component.
Clinical observations have also led to this
view, finding a lack of correlation be-
tween left ventricular ejection fraction
and peak oxygen consumption as an in-
dex of exercise capacity in patients with
CHF.2
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Peripheral myopathy and inflammation

A wealth of experimental and clinical ob-
servations during the last two decades have
focused on the structural and functional
abnormalities of the skeletal muscles in
CHF, such as atrophy of the muscle fi-
bres, switching of the muscle fibres from
oxidant type I to glycolytic type II, the de-
creased expression of heavy myosine chain
type I in skeletal muscle cells, the reduc-
tion of mitochondrial enzymes involved
in the oxidation of fatty acids and, finally,
the reduction in cytochrome C oxidase
and mitochondrial volume.3-5 It is a fact
worth noting that many of these skeletal
muscle abnormalities cannot be attributed
solely to hypo-perfusion of the peripheral
tissues, nor to prolonged inactivity on the
part of patients with CHF, since physical
exercise programmes are encouraged now-
adays. An important pathophysiological
parameter that appears to play a key role
in peripheral myopathy due to CHF is the
activation of the proinflammatory cytokine
system.6-8 Although the mechanisms re-
sponsible for the abnormal expression of
proinflammatory cytokines in the skeletal
muscles have not been sufficiently eluci-
dated, it nevertheless appears that the
overproduction of free oxygen radicals and
the inhibition of anti-oxidative systems (in-
creased oxidative stress) are basic cellular



signals triggering the immuno-inflammatory cascade.
In most peripheral tissues oxidative stress activates
the nuclear factor NF-ÎB, which in its turn stimulates
the gene transcription of many inflammatory media-
tors.9 The increased sympathetic tone and the en-
dothelial dysfunction lead to an inadequate vasodila-
tory response and promote ischaemia in working
skeletal muscles, causing a local increase in oxidative
stress and the expression of proinflammatory cy-
tokines.10

The pathophysiological link between proinflam-
matory cytokines and skeletal muscle dysfunction
can be confirmed by a study of systematic sepsis,
where those inflammatory mediators are responsible
to a great degree for the patients’ muscular catabo-
lism.11 Moreover, the administration of the cytokine
tumour necrosis factor-alpha (TNF-·) to animals has
been seen to cause a reduction in the number of mi-
tochondria and protein reserves in the skeletal mus-
cles, leading to a cachexia phenotype.12 Proinflam-
matory cytokines cause muscular wasting through
both indirect (e.g. anorexia) and direct (e.g. inhibi-
tion of protein synthesis, induction of iNOS) mecha-
nisms. The role of the cytokine-mediated abnormal
expression of iNOS in the skeletal muscles has been
demonstrated in experimental studies, where the ad-
ministration of iNOS inhibitors and antioxidants pre-
vented the TNF-·-induced muscle wasting and
cachexia.13 Cytokines such as TNF-· intensify skele-
tal muscle catabolism by opposing the nutritive ac-
tion of the anabolic hormone insulin on the skeletal
muscle cells or by reducing the expression of growth
factors such as IGF-1 in the peripheral tissues.14,15

An additional pathophysiological mechanism
that is related to the action of proinflammatory cy-
tokines and is responsible for skeletal muscle wasting
in CHF is the excessive activation of programmed
cell death (apoptosis) in the skeletal muscle cells. In
an experimental model of heart failure the levels of
circulating TNF-· have been correlated with the
number of apoptotic nuclei in peripheral muscle
biopsies, and this damaging effect of the cytokine is
more exaggerated in rapid response muscle fibres.16,17

Similarly, muscle biopsies from patients with CHF
have shown activation of apoptosis in skeletal muscle
cells in around 50% of cases, a phenomenon that is
not seen in healthy controls.18 CHF patients with
biopsies positive for skeletal muscle cell apoptosis
have a significantly reduced exercise capacity com-
pared with those who have negative biopsies.18

Moreover, Vescovo et al19 found that the peak oxy-
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gen consumption was inversely correlated with the
number of apoptotic nuclei in skeletal muscle cells
and with the skeletal muscle mass in patients with
CHF.

Apart from structural abnormalities, proinflam-
matory cytokines also exert a negative effect on
skeletal muscle contractility, probably by increasing
oxidative stress.20,21 In experimental models using
transgenic technology the over-expression of TNF-·
led to a reduction in the contractile strength of the
diaphragm with a respective increase in intracellular
pH and the intracellular production of free oxygen
radicals.22 This pathological response of the dia-
phragmatic muscles was to a large degree reversible
after the administration of the anti-oxidative agent
n-acetylocysteine. In turn, proinflammatory cytokines
increase oxidative stress, up-regulating the expres-
sion of iNOS in the skeletal muscles and leading to
the production of uncontrolled amounts of NO that
is converted to toxic hydroxylated derivatives.23 The
toxic derivatives of NO behave as free oxygen radi-
cals, depress the muscles’ contractile capability (mainly
through reducing the expression of creatinine kinase,
an enzyme particularly useful for the transportation
of energy from the mitochondria to the cytoplasm),
and promote tissue damage and cell death. The main
mechanisms responsible for peripheral myopathy in
CHF are summarised in Table 1.

The role of physical exercise

Systematic physical exercise is an alternative thera-
peutic approach that can break the vicious circle of
neurohormonal and immuno-inflammatory stimula-
tion of the skeletal and respiratory muscles.24 Physi-
cal exercise – either through a periodic increase in
the shear stress of the blood flow or via a reduction

Table 1. Main pathophysiological mechanisms responsible for
peripheral and respiratory muscle dysfunction in chronic heart
failure.

ñ Metabolic/hormonal disturbances of skeletal muscles
A) Resistance to the action of anabolic hormones (e.g. insulin,

IGF-1).
B) Effect of catabolic agents (e.g. TNF-·, IL-6). 
C) Metabolic mitochondrial abnormalities.
D) Over-expression of iNOS – increased oxidative stress.
E) Apoptosis of skeletal muscle cells

ñ Endothelial dysfunction – chronic reduction in skeletal muscle
blood flow.

ñ Prolonged skeletal muscle inactivity.



in the activity of depressive factors (e.g. catechola-
mines) – causes an increase in the expression of the
constitutive form of NO synthase (cNOS) while at
the same time limiting the production of vasodilatory
prostaglandins, reducing the expression of ACE in
the vascular wall and blunting oxidative stress and
the degradation of NO.25-27 Even a partial restoration
of endothelial function may contribute to the redis-
tribution of blood flow within the skeletal muscles
and the selective supply of oxidative muscle fibres,
thus accounting for the improvement in the oxidative
capacity of the mitochondria and the corresponding
increase in exercise capacity resulting from physical
exercise programmes in CHF.

Furthermore, Gielen et al28 showed that a 6-month
aerobic exercise programme caused a reduction in
the expression of the proinflammatory cytokines
TNF-·, IL-6 and IL-1‚ in peripheral muscle biopsies
from CHF patients. This observation is compatible
with previous clinical studies, which found that sys-
tematic exercise causes an up-regulation of the ex-
pression of anti-oxidative enzymes (superoxide dis-
mutase, glutathione system) in the peripheral muscles29

and a reduction in the levels of a wide spectrum of
peripheral markers of inflammation that promote
apoptosis and exert a cytotoxic effect on the cardio-
vascular system.30,31 More specifically, physical exer-
cise appears to intervene beneficially at various levels
of the immunoinflammatory process, as may be de-
duced from the reduction in the growth factor GM-
CSF and the main proinflammatory cytokines TNF-·
and IL-6; in the chemotactic cytokine MCP-1, which
is a powerful signal for migration of mononuclear
leucocytes in the endothelial cells; in the adhesive
molecules sICAM-1 and s-VCAM-1, which are over-
expressed in activated endothelial cells (as a result of
the interaction between monocytes and endothelial
cells); in the apoptotic receptor sFas and the apopto-
sis inducer sFas ligand.

The suppressive effect of physical exercise on the
peripheral inflammatory process and the over-ex-
pression of proinflammatory cytokines, together with
the concomitant increase in exercise capacity, ac-
companied by a reduction in dyspnoea and a blunt-
ing of ventilation disturbances, demonstrate that, by
looking beyond conventional haemodynamic strate-
gies and focusing on specialised therapeutic ap-
proaches aimed mainly at peripheral muscle catabo-
lism and wasting, we may be able to offer substantial
help in the management of patients with CHF. The
prolonged improvement in functional capacity and
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quality of life achieved through physical exercise
seems to reflect its beneficial effect on the peripheral
component of the syndrome, improving the function
of peripheral vessels and skeletal muscles. Table 2
summarises the main mechanisms through which
physical exercise leads to an improvement in periph-
eral myopathy in patients with CHF.
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