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~—ABSTRACT ~

Chronic Obstructive Pulmonary Disease (COPD) and Chronic Heart Failure (CHF), two major
causes of worldwide morbidity and mortality have important systemic components, affecting additional
tissues, other than the lung or the heart, such as the skeletal muscle. Muscle function (or dysfunction)
may not only influence the symptoms that limit exercise, but may contribute directly to the poor exercise
performance, health status and increased healthcare utilization.

The present review tries to summarize the muscular abnormalities in COPD and CHF and the mecha-
nisms underlying these alterations, which are strikingly similar, despite the obvious differences concern-
ing the primary impairment in these two chronic diseases.

The muscles therefore represent a potential site to improve patients’ functioning level and quality of
life of COPD and CHF. Only one practical therapeutic intervention currently exists that can reverse
some of the muscle abnormalities observed in COPD and CHF, namely exercise training, which becomes

nowadays the “cornerstone” of the whole rehabilitation.
_ J

Keywords: chronic Heart Failure, chronic obstructive pulmonary disease,
skeletal muscle, disability, rehabilitation

INTRODUCTION One of the most prominent symptoms in

HF and COPD is the decreased exercise capac-

OPD and HF, two major causes of  jty/exercise intolerance. Exercise capacity lev-

worldwide morbidity and mortali-  els can be extremely varying in patients having

ty are both chronic diseases, de-  the same degree of primary cardiac/pulmonary

scribed not only by the primary  qysfunction (measured by LVEF- left ventricular
impairment, but also by the dis-  gjection fraction and FEV1-forced expiratory

abl'lty and restriction of participation that de-  volume in 1 second, respective|y)_ It has been
rive from it (1). proven that these parameters of primary organ
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failure represent poor predictors of exercise ca-
pacity in moderate to severe forms of disease.
Over the past decade or more, based on clini-
cal and laboratory studies, the concept about
the systemic components in HF and COPD, af-
fecting multiple tissues others than the heart
and the lung, has been described and progres-
sively understood. Particular interest has fo-
cused on the respiratory and peripheral skeletal
muscles. The last years’ research has shown
that muscle dysfunction represents a strong
predictor of limited exercise tolerance and of
poor quality of life in CHF and COPD (2). It is
independent of the primary organ’s failure se-
verity, of its slowing-down with medication and
of impairment reversibility achieved through
surgical interventions such: coronary by-pass
surgery and cardiac transplantation or lung vol-
ume reduction surgery or lung transplantation.

Both COPD and CHF — two distinct disor-
ders (in terms of primary impairment), with a
comparably decreased exercise capacity —
show striking similarities with respect to muscle
dysfunction. O

MUSCLE ALTERATIONS IN CHF/COPD

Functional alterations

Muscle performance is defined in terms of
strength and endurance. Strength is the ability
of a muscle or muscle group to exert force to
overcome the most resistance in one effort (to
develop maximal force). Endurance is defined
as the ability of a muscle or a muscle group to
exert force to overcome a resistance many
times, thus, to resist fatigue. Loss of one or both
of these muscle performance components re-
sults in muscle weakness, which is a common
feature in HF and COPD. The impact of muscle
weakness on exercise capacity has already
been studied. Patients which such diseases
have significantly less strength in both periph-
eral muscles (measured by leg extension, leg
flexion, seated bench press and seated row)
and respiratory muscle (measured by maximal
inspiratory and expiratory pressures) compared
with healthy people.

The two components of muscle perfor-
mance seem to be unequally affected in respi-
ratory and peripheral muscle groups. This is
highlighted by a poor correlation found be-
tween the strength of both muscle groups in HF
and COPD, compared with a stronger correla-
tion in healthy subjects.

In the peripheral muscles of HF/COPD pa-
tients, reduced endurance (i.e., fatigue) seems
to be the main limiting factor of exercise capac-
ity, because the sense of leg effort was the
dominant reason to stop exercising. During ex-
ercise in COPD patients it was shown that early
acidosis occurs, mainly as a consequence of
lactate release from the exercising limbs (3)
contributing to the peripheral muscle fatigue.

In the respiratory muscle group, it seems
that loss of strength and not of endurance rep-
resents the main factor affecting the exercise
capacity. It has to be told that both components
(strength and endurance) are affected in COPD
patients, but the fatigue of the respiratory mus-
cle (loss of endurance) is not an independent
factor that limits exercise capacity in COPD pa-
tient (4,5). Also, it is unlikely that the respira-
tory muscles of COPD exercising patients can
contribute to the early lactate response, as in
the peripheral exercising muscle. It has to be
added that the respiratory muscles are adapted
to a chronic mechanical load, while they have
to operate against a higher airway mechanical
impedance in COPD. That’s why the strength
component of muscle performance is of great-
er importance in the respiratory muscles. The
same findings have been demonstrated in the
respiratory muscles of patients with CHE.

Further studies are needed in order to ex-
trapolate this finding in clinical practice, so
adapting the type of training exercise on respi-
ratory/peripheral muscle group. 4

MUSCLE STRUCTURAL ALTERATIONS
IN COPD/CHF

Fiber typing. Maybe the most studied and
notable muscular changes in COPD and
CHF are the relative shift of one muscle fiber
type into another. This alteration appears to oc-
cur in opposite direction in peripheral and res-
piratory muscles.

Adult mammalian skeletal muscle contains
different types of fibers, characterized by myo-
sin heavy chain (MHC) isoforms. MHC content
of muscle fibers represents the determinant
factor of the functional properties of a muscle,
such as speed contraction and fatigue resis-
tance. In mammalians, embryonic and neona-
tal MHC isoforms are gradually replaced by
adult isoforms. Four MHC isoforms are present
in the adult mammalian muscle: 1, lla, lIx and
[Ib. Only three of these (I, lla and lIx) have
been found in human muscle. The characteris-
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tics of muscle fibers types are summarized in
Table 1.

Despite the variability of their results, the
majority of the studies that have been per-
formed so far, points a general tendency of an
|—lIx shift in peripheral muscles and an lIx—l
shift in the diaphragm of COPD and CHF pa-
tients.

The different twitch and fatigue resistance
characteristics of the distinct fibers types have
functional consequences in the affected mus-
cle of COPD and CHF patients, as mentioned
above: the main exercise-limiting factor is the
peripheral muscle fatigue (conversion type
|—>1Ib/x), whereas in the respiratory muscles
(diaphragm), the major exercise-limiting contri-
butor is the loss of strength (conversion Ilb/
x—I)

Morphologic macroscopic alterations as
marked loss muscle mass or decrease in cross-
sectional area have been observed in advanced
stages of both COPD and CHF.

Capillary density. The results of studies in-
vestigating this abnormality are discrepant.
Overall, there is a tendency toward a reduced
capillary-fiber ratio. Logically, the capillary den-
sity can be unaltered, reduced, or even elevat-
ed depending on the degree of muscle atrophy
(loss of number of fibers). There are also a few
studies demonstrating lower mitochondrial vol-
ume densities (using electron microscopy) in
skeletal muscles in CHF patients compared
with controls (6), suggesting an altered oxida-
tive capacity of skeletal muscle in CHF/COPD
patients.

Metabolic muscle abnormalities. All mea-
surements of substrate or cofactor concentra-
tions in skeletal muscle of COPD and CHF pa-
tients demonstrate an impaired energy meta-
bolism at rest and during exercise with reduced

Type I Type II

Slow oxidative Fast oxidative
Contraction Slow-twitch Fast-twitch
Fiber size Small Intermediate
Myoglobin . .
concentration Ikign Bl
Capillary density High High
Color Red Red
Mitochondrial . .
content ngh ngh
Fatigue resistance High High
Major storage fuel Triglycerides and Glycogen
Activity used for Aerobic Long-term

TABLE 1. Characteristics of muscle fiber types.
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levels of high energy substrates. The elevated
Pi/~-CrP and ADP/ ATP ratios are associated
with high IMP concentration, due to increased
deamination of accumulating AMP, probably
reflecting a reduced aerobic capacity. During
exercise, a greater increase in Pi/-CrP ratio and
a faster drop in pH were found in exercising
COPD and CHF patients compared with
healthy persons (7,8). So, lactic acidosis occurs
at a much lower rate than in healthy subjects.
Lactic acid accumulates when oxygen transport
to the working muscles becomes inadequate,
and anaerobic glycolysis is called on to supple-
ment aerobic ATP production. This suggest that
rephosphorilation of macroergic phosphates is
less efficient in these patients, both during and
after exercise. Also, glycogen concentrations in
COPD and CHF patients tend to be lower and
lactate levels higher than in healthy persons,
demonstrating that anaerobic energy metabo-
lism is enhanced in both diseases.

An overall increase in glycolytic and de-
crease in oxidative enzyme activities have been
demonstrated in peripheral muscles of COPD
and CHF patients. Enzyme activities are pri-
marily related with the muscle fiber type, so it
is plausible that the shift in the enzymatic activ-
ity is linked to the shift in muscle fibers distribu-
tion as mentioned above. Which one is the
cause and which one the effect, remains un-
clear. Q

POSSIBLE MECHANISMS OF MUSCLE
DYSFUNCTION IN COPD AND CHF

Hypoxia

As a result of hypoxemia and/or reduced
blood supply, oxygen delivery to peripheral
and respiratory muscle may be insufficient in
COPD and CHF (in more advanced stages).

Type II
Fast glycolitic

Fast-twitch
Large

Low

Low
White

Low

Low

Creatinine-Phosphate Creatinine-Phosphate and

Glycogen
Short-term anaerobic
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This may result in muscle tissue hypoxia lead-
ing to the functional, structural and metabolic
changes described above.

Hypoxia has been shown to change the
transcriptional regulation of the expression of
metabolic genes, resulting in an increased gly-
colytic and reduced oxidative capacity, as it is
observed in COPD. Hypoxia damages the
mTOR (mammalian target of rapamicin) path-
way, a key regulator of cell growth and prolif-
eration. This impairs the transcription of DNA
and translation of mRNA into protein, which
may contribute to muscle wasting in COPD. It
has been proven that hypoxia inhibits myo-
blasts differentiation by degradation of the
myogenic transcription factor (MyoD), via the
ubiquitine proteasome pathway (9). Thereby,
the regeneration potential of skeletal muscle is
impaired.

Opposite to the skeletal peripheral muscle
changes, in the diaphragm of COPD and CHF
patients, a reduction in the oxidative capacity
does not occur. In this muscle, hypoxia may
cause an endurance training effect due to the
increased ventilation, so resulting a shift toward
a more aerobic metabolism.

Oxidative stress

Oxidative stress, which is defined as an im-
balance between the formation-of and protec-

Muscle alterations

JCSA of lower limb muscle

Morphology /body

tion-against reactive oxygen species (ROS) and
reactive nitrogen species (RNS) can result in
structural and functional muscle abnormalities,
quite similar to those observed in COPD and
CHEF peripheral muscles. Reactive oxygen spe-
cies —ROS (free radicals) are elevated in pa-
tients with COPD both at rest and during exer-
cise (10,11).

An abnormal oxidative stress response to
submaximal and maximal exercise may be
more severe in muscle-wasted than in non-
muscle-wasted patients with COPD.

Susceptibility to these free radicals depends
on the antioxidant status of the tissues. The
main radical scavengers and enzymes are
(among others): reduced glutathione, vitamin E
(in the cell membrane), superoxide dismutase
(SOD), glutathione peroxidase and catalase.

The elevated ROS and/or NOS production
in the muscle fiber targets mitochondria and
myofilaments leading to: apoptotic processes
in myocytes, mitochondrial respiratory chain
dysfunction and/or alterations in myofilament
contractile properties. These are three molecu-
lar mechanisms explaining the peripheral mus-
cle dysfunction by the oxidative stress.

During long-term physical training, the re-
peated exposure to oxidative stress stimulates
the defense system against free-radicals. Thus,
the concentrations of radical scavengers and

Exercise training effects

Twith resistance training

e {FFM TFFM with combined strength
composition .
and endurance training
1% type 11, No significant changes in
1% type I and MHC fiber-type proportion

Fiber-type/fiber size

Sfitrophy)
Muscle

Jfiber cross-sectional area

capillary contact to cross-

Tcross—sectional area

Pcapillary contact with increased

sectional area of muscle fiber fiber cross-sectional

capillarization

Muscle metabolism

area(proportionally)

{ oxidative enzymes capacity Tcapacity with endurance

training
Muscle metabolite J PCr,/Pid pH, JATP dlactic acidemia,
. TIMP, Tlactate Normalization pH and PCr,/Pi
concentrations
Recovery of PCr (faster)
Inflammation Tinflammatory markers Insufficient studies

Muscle performance

Exercise capacity

muscles
level

lexercise capacity

lendurance, ¥
strength (quadriceps)

{ strength respiratory

1 endurance/ strength
skeletal muscle (Texercise

capacity)

No effects on exercise capacity
with IMT(COPD)

Possible effects of IMT on exercise
capacity(CHF) but insufficient
evidence

References

22,23,24

25,26

25,27

27,28

29,30

31,32

TABLE 2. Changes of muscle pathophysiologic abnormalities induced by exercise training in COPD.
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activities of antioxidant enzymes increase. The
oxygen flux to muscles increases considerably
in exercising muscles, resulting in higher oxida-
tive stress. The disuse of skeletal muscle (a fre-
quent situation in COPD and CHF patients)
and the chronic hypoxia eliminate the antioxi-
dant-stimulating trigger, resulting in a low anti-
oxidant status.

Hypoxia-reoxygenation studies showed that
oxygen oversupply after a period of oxygen
deficit may increase the risk of free-radicals for-
mation in myocytes (12). For that reason, in
COPD and CHF patients, chronic hypoxia may
result in reduced antioxidant status, therefore
occasional bouts of exercise may cause a burst
of free radicals that exceeds the capacity of the
scavenging systems. It is also possible that the
low oxidative capacity of such patients itself
leads to higher oxidative stress, because the
abrupt oversupply of oxygen during exercise is
inefficiently metabolized.

Disuse

Disuse of skeletal muscle due to a low level
of physical activity in patients with COPD and
CHF is a factor that contributes to the above —
described muscle alterations. It is well known
and demonstrated that the physical activity
level of COPD patients is lower than that of the
average population (13). And the situation be-
comes worse during and after the exacerba-
tions of the disease. COPD and CHF patients
experiencing dyspnea with activities, become
more sedentary to avoid dyspnea-producing
activities, so they decrease their activity level,
which in turn leads to a decline in fitness and
deconditioning, and an earlier occurrence of
dyspnea. There is the so-called “dyspnea spi-
ral”.

In a COPD patients group compared with
physical activity level -matched control group,
no differences in muscle performance (strength
and fatigue resistance) or contractile properties
could be detected (14).

Detraining have some demonstrated mus-
cle effects: induces muscle weakness because
of reduced motor neuron activity and muscle
wasting (15), may cause atrophy of each fiber
type, with type | fibers being affected the most,
generates a decline in the activity of enzymes
involved in oxidative energy conversion.

Nevertheless, disuse alone is not capable to
generate all the skeletal muscle functional and
structural abnormalities. As mentioned, the di-
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aphragm does not experience a disuse phe-
nomenon. Moreover a kind of endurance
training effect may occur.

Malnutrition

Cachexia that accompanies chronic diseas-
es such COPD and CHF markedly differs from
reduced nutritional intake and starvation. Nu-
tritional depletion in these diseases is charac-
terized by increased muscle proteolysis, prefer-
ential loss of muscle over the body compart-
ments, systemic inflammation and poor re-
sponse to nutritional intervention, which have
failed to produce any clinical meaningful im-
provement in muscle mass and strength (16).

Inflammation

The presence of systemic and/or local infla-
mmation is a common characteristic in many
chronic diseases, including COPD and CHFE.
Proinflammatory cytokines such as TNF-a, in-
terleukin-8 (IL8), interleukin-6 (IL6) released by
neutrophils and macrophages has been impli-
cated in cachexia associated with the two dis-
eases. They stimulate proteolysis by activating
the ubiquitine-proteasome pathway which is
responsible for muscle wasting in several hu-
man diseases. It has been demonstrated that
the ubiquitine proteasome pathway is activat-
ed in the diaphragm of patients with mild-to-
moderate COPD. The result is a loss of myosin
and a subsequent loss of force generation ca-
pacity (17).

Medication

Among many various drugs used in the
treatment of COPD and less frequently in CHF,
only corticosteroids have been linked to skele-
tal muscle modifications, leading to the so
called “steroid-induced myophaty”.

A considerable reduction in strength and at-
rophy of both peripheral (limbs) and ventilatory
muscles has been proven in COPD patients un-
dergoing a long-term therapy with high doses
of corticosteroids. A severe quadriceps muscle
weakness has been also demonstrated in
COPD patients after corticosteroids short burst
therapy in acute exacerbations (18). The mus-
cle fibers vulnerability to glucocorticoids de-
pends on muscle fiber composition (mecha-
nism unknown); the glycolitic fibers seem to be
more susceptible to steroid-induced muscle
wasting than the oxidative ones. The diaph-
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ragm has lower type Il fibers content, whose
selective atrophy by corticosteroids further
leads to a reduction in diaphragm strength. It is
known that strength is the main limiting factor
in diaphragm performance; therefore the dia-
phragm seems to be more affected to CS than
limb muscles. Glucocorticoids diminish the
protein synthesis and increase the rate of pro-
tein degradation. Nevertheless, it is difficult to
distinguish between the muscle effects of corti-
costeroids on COPD patients from other unfa-
vorable frequent situations, as systemic inflam-
mation or inactivity.

Lower limbs versus upper limbs muscle
dysfunction in COPD

Although both upper and lower limbs per-
formance (strength and endurance) is lower in
COPD and CHF than in healthy subjects, the
degree of this impairment seems to differ be-
tween the two groups of muscles (upper limbs/
lower limbs). This fact can be explained by the
“compartment theory” by which different mus-
cle groups, individual muscles or muscle areas
may react differently to a variety of pathogenic
factors or stimuli. Lower extremities alterations
(functional, structural and metabolic — as de-
scribed above) are responsible for limiting ac-
tivities such as ambulation (walking, stairs,
etc.). It has been suggest that upper-limbs mus-
cle structure and function are relatively pre-
served in COPD patients. On one hand this
fact is due to the involvement of the upper
limbs in many of the maintained activities of
daily living (ADLs) and, on the other hand, be-
cause of the use of these muscles in the ventila-
tory effort. Based on this, the observation that
COPD patients poorly tolerate this kind of tasks
(mainly those activities involving unsupported
upper limb) even they are minimal, appears to
be at least surprising. Two mechanisms have
been discussed to explain this fact: the neuro-
mechanical dysfunction of respiratory muscles
and changes in lung volume during such activi-
ties.

The first mechanism involved is related to
changes in the breathing pattern during various
activities with unsupported upper limbs, even
if these activities are performed at low level, as
well as to the simultaneity of afferent or effer-
ent muscle stimuli (19).

The second mechanism refers to increased
ventilation during upper limb exercises that

leads to dynamic hyperinflation and decreased
inspiratory capacity at different workloads (20).

Only few studies have investigate the mor-
phologic and histochemical features of upper
limbs or shoulders in COPD patients, showing
a nonselective atrophy of type | and type Il fi-
bers, mainly in the more severe cases of weight
loss and airflow obstruction; no modifications
in the proportion of the two kinds of fibers
have been found.

Studies analyzing the metabolic characteris-
tics of upper limbs in COPD patients have
shown that the oxidative capacity is preserved
or even higher (severe disease) in deltoid mus-
cles, contrary to those previously observed in
lower limbs muscles (21).

In conclusion, upper limb exercises result in
higher ventilatory and metabolic requirements,
leading to a greater fatigue and a more intense
dyspnea. The morphological and functional
differences between upper and lower limb in
COPD patients claim specific protocols for test-
ing and training to be developed. O

WHY EXERCISE TRAINING
IN COPD AND CHF?

Peripheral and respiratory muscles function
(or dysfunction) not only influence the
symptoms that limit exercise, but may contrib-
ute directly to poor exercise performance.

The muscles therefore represent a potential
site to improve patients’ functioning level and
quality of life. Only one practical therapeutic
intervention has been shown to reverse some
of the above mentioned muscle alterations,
namely exercise training. The benefits follow-
ing exercise training in COPD and CHF are
well documented. Changes of muscle patho-
physiologic abnormalities induced by exercise
training in these two diseases, potential respon-
sible for clinical and functional improvements
are summarized in Tabel 2.

Exercise training is now widely recom-
mended in all national and international guide-
lines in COPD and CHF patients (31,32).

Training protocols vary in a number of vari-
ables: setting (hospital, center-and home-ba-
sed), control (supervised/ non-supervised), in-
tensity (aerobic, anaerobic), method (continous
or intermittent/ interval), method (continous/
intermittent-), application (skeletal/ respiratory
muscles) and type (endurance, resistance-
strength).
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While the endurance training of the skele-
tal muscle is considered a “traditional” type of
muscular training in the rehabilitation of COPD
patients, an additional strength (or resistance)
training also appears to be worthwhile in
COPD patients (31). The combination of both
is considered the best strategy to improve mus-
cle dysfunction in COPD (32). Although it has
been demonstrated that inspiratory muscle
training (IMT) produces positive modifications
in inspiratory muscle fibers size and fiber-type
proportion, no additional improvement in ex-
ercise capacity has been shown in meta-analy-
ses compared with skeletal muscle training
alone (33).

In CHFE studies about the role of exercise
training appeared later than in COPD (1980s).
Now, regular physical activity and structured
exercise training are firmly recommended. It is
based on the fact that exercise training im-
proves exercise capacity and quality of life,
does not affect left ventricular remodeling and
may reduce mortality and hospitalization in pa-
tients with mild-to-moderate CHF (34,32).

As in COPD, three different training modal-
ities are suggested for CHF patients. The best
described type is the endurance aerobic train-
ing (continuous and interval) of skeletal mus-
cles because his safety and efficacy have been
firmly demonstrated.

There is still a controversy on the subject of
strength training and its detrimental effect on
left ventricular function and negative remodel-
ing. Due to the superiority of endurance train-
ing in exercise capacity, a recommendation to
implement resistance training in rehabilitation
programme in CHF is not very clear. This train-
ing modality has to complement (not to substi-
tute) the endurance training.

Up-to-date systematic reviews suggests that
treatment with inspiratory muscle training
significantly improves multiple features of CHF
and its muscular systemic component: func-
tional capacity, inspiratory and peripheral mus-
cle strength and blood flow, peripheral muscle
sympathetic nervous activity, oxygen uptake
efficiency, recovery oxygen kinetics (35), but
new RCTs are needed on this issue. 4

CONCLUSION

his review tries to emphasize the contribu-

tion of the skeletal muscle dysfunction in
the genesis of disability in two apparently very
different diseases, as COPD and HF. Despite
the large differences between their primary im-
pairment, the two diseases share not only strik-
ing similarities between the functional, struc-
tural and metabolic skeletal muscle abnorma-
lities, but also noticeable differences between
the peripheral (limbs) muscles and the respira-
tory ones(diaphragm), which may impose dif-
ferent training modalities. Based upon the con-
tribution of the muscle dysfunction in exercise
intolerance in these patients, the exercise train-
ing has nowadays become the centerpiece of
the whole rehabilitation program, which repre-
sents a standard of care for patients with COPD
and HF. A better understanding of the underly-
ing mechanisms of skeletal muscle dysfunction
in COPD and CHF will help to find alternative
therapeutic approaches. O
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