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Abstract In heart failure, impairment of cardiac muscle func-
tion leads to numerous neurohormonal and metabolic disor-
ders, including an imbalance between anabolic and catabolic
processes, in favour of the latter. These disorders cause loss of
muscle mass with structural and functional changes within the
skeletal muscles, known as skeletal myopathy. This phenom-
enon constitutes an important mechanism that participates in
the pathogenesis of chronic heart failure. both its clinical
symptoms and the progression of the disease. Attempts to
reverse the above-mentioned pathologic processes by
exploiting the anabolic action of androgenic hormones could
provide a potentially attractive treatment option. The current
concepts of anabolic androgen deficiency and resultant skel-
etal myopathy in patients with heart failure are reviewed, and
the potential role of anabolic-androgenic hormones as an
emerging therapeutic option for targeting heart failure is
discussed.
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1 Introduction

The basic clinical symptom of heart failure lies in an intoler-
ance towards physical effort related with increased fatigability
and the occurrence of dyspnoea, while lowered peak oxygen
consumption, which is its objective measure, correlates with
low quality of life and bad prognosis [1–4]. However, these
symptoms do not result directly from the impairment of heart
function as a pump or from haemodynamic disorders related
with the above. In fact, there is a poor correlation between
haemodynamic parameters and clinical symptoms, as well as
the degree of functional limitation in patients with chronic
heart failure [5]. In recent years, the involvement of the so-
called peripheral mechanisms (namely disorders within or-
gans and systems outside the circulatory system) in the path-
ogenesis of heart failure symptoms has been emphasised [1,
6–8]. As far as this aspect is concerned, the so-called muscle
hypothesis is a particularly important concept, since it recog-
nises structural and functional changes within skeletal muscles
(i.e. skeletal myopathy) as the main reason for impaired exer-
cise capacity in patients with chronic heart failure [1, 2, 9, 10]
(Fig. 1).

2 Skeletal myopathy in patients with chronic heart failure

The muscle hypothesis assumes that development of skeletal
myopathy constitutes the second crucial mechanism, after
neurohormonal activation, that participates in the pathogene-
sis of chronic heart failure and that it is responsible for the
occurrence of the symptoms and progression of the disease.
Impairment of cardiac muscle function leads to numerous
neurohormonal and metabolic adjustments and compensatory
mechanisms, including sympathetic activation, vagal with-
drawal, and peripheral vasoconstriction, with the teleological
effect of maintaining effective perfusion of vital organs (heart,
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kidney, brain). These changes are beneficial and life saving in
the short term; however, in the long term, they result in
deleterious consequences, including an imbalance between
anabolic and catabolic processes, in favour of the latter, caus-
ing a loss of muscle mass with subsequent development of
macroscopic and microscopic disorders within the structure,
metabolism and functioning of skeletal muscles [8, 11]. More-
over, a decrease in muscular blood flow has been observed in
patients with heart failure, which is related not only with
decreased cardiac output, but also with disorders of vascular
endothelium functions, decreased volume and capillarisation
of skeletal muscles and the maintenance of vasoconstriction
caused by increased activity of the sympathetic nervous sys-
tem [8, 12, 13].

2.1 Muscle mass

Structural changes, which can be observed on the macroscop-
ic level, are associatedwith a loss of muscular mass, especially
within lower and upper limbs, and this is particularly visible in
patients with cardiac cachexia syndrome [14, 15]. These
changes lead to functional disorders, reflected mainly in a
decrease in muscle endurance and strength. In patients with
chronic heart failure, both the mass of skeletal muscles, as
well as muscle strength, constitute significant determinants of
physical fitness and capacity, evaluated as peak oxygen

consumption, and these relationships are independent of age,
New York Heart Association (NYHA) functional class or the
level of neurohormonal activation [3, 15, 16]. A decrease in
muscle mass is related to a general decrease in the cross
section area and is also a consequence of a loss of muscular
fibres.

2.2 Apoptosis

The degree of skeletal muscle fibre atrophy correlates with the
number of cell nuclei displaying features of apoptosis, which
suggests that this process might play an important role in
muscle mass loss [17]. The phenomenon of apoptosis is
almost absent in skeletal muscles in healthy persons, while
in experimental models and humans with heart failure, both
the activation of intracellular pathways promoting myocyte
programmed death (a decrease in the activity of the Bcl-2
antiapoptotic system, an increase in caspase-3 activity and
ubiquitin, increased expression of induced NO synthase), as
well as an increase in the number of cellular nuclei with
apoptotic features, have been observed [17–20]. Apoptosis
in skeletal muscles in patients with heart failure is probably
triggered by proinflammatory cytokines, in particular, the
TNF alpha and its second messenger—sphingosine [21, 22],
and its intensity displays a negative correlation with exercise
capacity, evaluated by peak oxygen consumption [17, 19].

Fig. 1 The muscle hypothesis in heart failure: pathogenesis of skeletal myopathy—modified from [10]
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However, the role of apoptosis in the development of muscle
fibre atrophy in heart failure still arouses controversy. The
DNA in s i tu end- label l ing technique ( termina l
deoxynucleotidyl transferase end labelling (TUNEL)) fre-
quently used to detect DNA fragmentation, which is a hall-
mark of apoptosis, may lack specificity, i.e. false positive
TUNEL reactions may be observed in living muscle cells
during active gene transcription [23]. Conraads et al. analysed
skeletal muscle biopsies of 16 patients with mild-to-moderate
chronic heart failure, but they searched for apoptotic myocyte
nuclei in a more rigorous way than the authors of previous
studies, enhancing the classical TUNEL technique with con-
firmatory tests. Notably, they did not confirm the presence of
apoptosis [23]. These results might, thus, question the role of
apoptosis in the pathogenesis of skeletal myopathy, particu-
larly in the early stages of heart failure.

2.3 Fibre composition

Structural abnormality characteristics of skeletal myopathy
related to heart failure also include qualitative changes within
the content of muscular fibres secondary to the changed
expression of specific subtypes of heavy myosin chains. The-
se lesions seem to be independent of skeletal muscle atrophy
[18]. In addition, they result in a decrease in the number of
slowmuscle fibres—type I based on oxygenmetabolism, with
a simultaneous growth in the number of type IIa fast fibres
based on oxygen metabolism and type IIb based on oxygen-
free metabolism, which is more susceptible to fatigue and
more rapidly achieves the anaerobic threshold [17, 20–22,
24]. It is also worth mentioning that structural changes in
muscle tissue occurring in the course of chronic heart failure
are not limited solely to muscles in the limbs, but they also
cover respiratory muscles, which may additionally induce
dyspnoea [25].

2.4 Metabolic capacity

The above-mentioned structural changes are also associ-
ated with biochemical and metabolic disorders expressed
in the decreased activity of mitochondrial enzymes par-
ticipating in the final stages of oxidative phosphoryla-
tion, namely succinate dehydrogenase and citrate syn-
thetase, as well as 3-hydroxyacyl-CoA dehydrogenase
which plays an important role in the B-oxidation pro-
cess of fatty acids [26]. These changes are responsible
for the early occurrence of an oxygen-free metabolism
and the accelerated development of lactic acidosis dur-
ing muscle activity in patients with heart failure, which
leads to a decrease in tolerance of physical effort and
contributes to the occurrence of dyspnoea [27].

2.5 Muscle reflex (ergoreflex)

Excessive activation of the muscle ergoreceptor is a signifi-
cant consequence of structural and functional disorders within
skeletal muscle levels in patients with heart failure, and this
plays a crucial role in the pathogenesis of impaired physical
tolerance [28]. These receptors include both a mechanorecep-
tor (sensitive to passive movements), as well as
metaboreceptors stimulated by metabolic products of skeletal
muscle work (such as prostaglandin, lactate bradykinin, cat-
ions) and through afferent fibres inform the brain stem on the
level of muscular activity. Within the reflexive pathway, they
increase the activity of the sympathetic nervous system and
provoke physiological, ventilatory and haemodynamic adjust-
ments according to the skeletal muscle needs in oxidised
blood [29–31]. However, metabolic disorders in active skele-
tal muscles observed in patients with chronic heart failure
evoke extensive activation of the reflex from ergoreceptors,
which on the one hand, overstimulate the ventilation response
to physical effort, thus contributing to the experience of dys-
pnoea. On the other hand, this leads to an increase in the
activity of the sympathetic system with subsequent general-
ised vasoconstriction responsible for an increased vasocon-
strictive drive in the inactive muscles, the growth of peripheral
resistance and a subsequent increase in the afterload of the left
ventricle.Moreover, further deterioration of the heart function,
as well as a subsequent loss of muscle mass resulting from the
increase in catabolic processes, is observed [2, 8]. Activation
of muscle ergoreceptors is particularly intensified in patients
suffering from cardiac cachexia and generates the greatest loss
of muscle mass in the course of heart failure. This suggests
that complex disorders within the level of skeletal muscles are
responsible for the creation of a vicious circle and reflect the
intensification of the disease; and they inevitably lead to the
progression of the disease [32].

2.6 Therapeutic option

Attempts to reverse the above-mentioned adverse changes
within the skeletal muscles in patients with chronic heart
failure could form potentially attractive therapeutic alterna-
tives. Currently, the only therapeutic approach with sufficient
clinical evidence for counteracting skeletal myopathy in heart
failure is exercise training [33]. In clinical and experimental
studies, this has been shown to inhibit the pathomechanisms
and pathways involved in muscle wasting, such as the
overactivation of the ubiquitin-proteasome system, increased
oxidative stress, and the overexpression of myostatin and
proinflammatory cytokines, leading to an improvement in
muscle strength and peak oxygen consumption [33]. Another
approach could include involvement of the anabolic activity
of androgenic hormones aiming to reconstruct the proper
skeletal muscle structure and function. It is well known,
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mainly due to experiences related with the use of anabolic
steroids for doping in sports, that these hormones play a
significant role in the quantitative and qualitative regulation
of muscle fibre content, leading to increases in muscle mass
and strength, as well as improvement in physical capacity
[34–36]. It has also been shown that anabolic-androgenic
steroid concentrations are strongly correlated with muscle
strength and mass, both in the case of healthy persons, as well
as in people suffering from chronic diseases [37, 38].

3 Significance of anabolic-androgenic hormones
in patients with chronic heart failure

Three main anabolic hormonal axes, two of which—the adre-
nal and gonadal axes—are related with the production of
anabolic androgens: the adrenal (dehydroepiandrosterone sul-
phate (DHEAS)) and gonadal androgen (testosterone), respec-
tively, in men. These hormones constitute trophic factors
essential for the proper development of mammals during the
process of ontogenesis [39]; however, their secretion de-
creases with age, favouring the development of disadvanta-
geous lesions in ageingmen, known as testosterone deficiency
syndrome (TDS). This syndrome, apart from a decrease in
total testosterone concentration below 3.5 ng/l, is
characterised by a drop in muscle mass and strength, de-
creased bone tissue density, abdominal obesity, as well as a
worsened quality of life [40–42]. Although testosterone and
dehydroepiandrosterone (DHEA) levels decrease with age,
this phenomenon is, however, much faster in men with heart
failure than in healthy ones, and this is more evident in
younger men (less than 45 years old) [43]. This phenomenon
is independent of aetiology (observed both in ischaemic and
non-ischaemic heart failure) [43]. In our study, which included
208 men with chronic heart failure due to significant left
ventricle systolic dysfunctional deficiency of the anabolic
hormones, including adrenal and gonadal androgens, the phe-
nomenon significantly affected the clinical course and prog-
nosis [43]. Testosterone and DHEAS deficiencies correlated
with the severity of heart failure symptoms (NYHA functional
class), independently of left ventricular ejection fraction
(LVEF) and N-terminal of the prohormone brain natriuretic
peptide (NT-proBNP) serum concentration. Nevertheless, the
observed correlation, although statistically significant, was
relatively weak, indicating that androgen deficiency level is
one element of a complex hormonal and metabolic syndrome,
covering, among others, an imbalance between anabolic and
catabolic processes, which develops at an earlier stage and
contributes to its further development [43]. Low concentra-
tions of testosterone and DHEAS were also related with
increased risk of death, independently of LVEF, NT-proBNP
serum concentration, NYHA functional class or glomerular

filtration rate. During a 3-year follow-up, the magnitude of the
anabolic imbalance, expressed by the number of anabolic axes
involved (i.e. somatotropic: growth hormone/insulin-like
growth factor-1, adrenal: DHEAS and gonadal: testosterone),
was related to the mortality due to cardiac and vascular causes
[43].

Anabolic hormone deficiency in patients with CHF is also
related with the loss of bone mass, a feature of the cardiac
cachexia syndrome, and this favours the occurrence of anae-
mia and constitutes an independent factor determining the
incidence of depression syndromes [44–46]. Low testosterone
concentrations in men with CHF are also related with low
peak oxygen consumption, independently of age, disease
severity and lower limb muscle mass. This relationship seems
to be a result of the effect of this hormone on the circulatory
system and on peripheral tissues, including the structure and
function of skeletal muscles [47].

4 Effect of androgens on skeletal muscles

Skeletal muscles contain steroid hormones (testosterone,
DHEA/DHEAS, estradiol) and specific androgen and
oestrogen receptors, as well as enzymes participating in mu-
tual transformations of these hormones [48–52]. The mecha-
nisms of androgenic hormones action on skeletal muscles are
summarised in Fig. 2.

4.1 Muscle structure

The results of several meta-analyses concerning randomised
placebo-controlled trials performed in middle-aged and senile
men suffering from hypogonadism or testosterone concentra-
tions close to the lower standard border indicate that testos-
terone therapy increases muscle mass and improves the mus-
cle strength of the upper and lower limbs and the trunk [37, 53,
54]. Similar results have been observed when synthetic tes-
tosterone derivatives, which are characterised by stronger
anabolic activity, are used in men with cachexia in the course
of severe chronic diseases, such as AIDS and COPD [55, 56].
Testosterone replacement therapy has also been proved to
increase muscle mass in women with androgen deficiency
due to hypopituitarism [57]. Testosterone influences androgen
receptors and induces the hypertrophy of type I and II mus-
cular fibres; it also increases the number of active satellite cells
in skeletal muscles, as well as promotes the differentiation of
pluripotent mesenchymal cells towards muscle cellular lines,
simultaneously hampering adipogenesis [52, 58, 59]. The
positive effect of testosterone on satellite cells which play an
important role in muscle growth and repair processes may also
be related to the negative regulation of myostatin expression.
In an animal experimental model, testosterone also decreased
the messenger (m)RNA for myostatin—a protein from the
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transforming growth factor beta superfamily inhibiting satel-
lite cell activation and, thus, being an autocrine, strong inhib-
itor of muscle fibre growth and development [60]. Trophic
effects of testosterone on skeletal muscles also include a
negative influence on ubiquitin-proteasome system (UPS)
activity, a system responsible for most proteolysis in cells.
Testosterone largely represses expression of atrogin-1 and
Murf-1, which are ubiquitin ligases involved in the regulation
of the UPS activity and specifically upregulated in muscle
atrophy, thus inhibiting muscle proteolysis [61].

4.2 Muscle metabolism

Detailed mechanisms of the above-mentioned positive testos-
terone influence on the structure and function of skeletal
muscles are not fully known; however, it is highly likely that
the major part of this activity results from stimulation of the
skeletal muscle local insulin-like growth factor (IGF) system
[50, 51]. Testosterone increases the level of insulin-like
growth factor-1 (IGF-1), stimulating its production by hepa-
tocytes, as well as locally within skeletal muscles by muscle
and satellite cells [62]. In young healthy men, pharmacolog-
ical suppression of gonad activity simultaneously leads to a
decrease in mRNA expression for IGF-1 in skeletal muscles,

together with a significant reduction of peripheral blood tes-
tosterone concentrations and an associated muscle mass re-
duction [63]. IGF-1, as it is a pluripotent trophic factor,
stimulates proliferation, differentiation processes and protein
synthesis within skeletal muscles. IGF-1 probably also medi-
ates testosterone action towards UPS activity. It activates a
phosphatidyloinositol-3 kinase (PI3K)/Akt pathway leading
to phosphorylation of a FOXO3a transcription factor and a
subsequent decrease in atrogin-1 expression [61]. Due to the
above, activation of the local system of this factor in skeletal
muscles leads to a decrease in proteolysis and an increase in
protein synthesis and counters apoptosis and muscle atrophy
[50, 51, 64, 65]. It is worth mentioning that IGF-1 participates
not only in the regeneration of existing skeletal muscles, but
also in the recruitment, activation, proliferation and final
differentiation of progenitor cells [64, 65].

4.3 Anti-inflammatory effect

Excessive activation of inflammatory processes during the
course of heart failure has a hampering influence on the IGF
system in skeletal muscles [66, 67]. Testosterone has anti-
inflammatory properties, expressed by the reduction of proin-
flammatory cytokines, including interleukin-1β, interleukin-6

Fig. 2 Mechanisms of action of anabolic hormones on skeletal muscles. AR androgen receptor, UPS ubiquitin-proteasome system)

J Cachexia Sarcopenia Muscle (2014) 5:287–296 291



and TNF-α, by circulating monocytes and by simultaneous
stimulation of anti-inflammatory interleukin-10 secretion
from CD4+ lymphocytes [68, 69]. Hence, anti-inflammatory
testosterone activity leads to an inhibition of the
inflammatory-related catabolic effect, with simultaneous im-
provement in muscle sensitivity to the anabolic activity of the
IGF system.

4.4 Insulin sensitivity

Testosterone and DHEA improve the insulin sensitivity of
peripheral cells, among others by increasing translocation of
type 1 and 4 glucose transporters into cell membranes, which
may be partially responsible for the enhanced physical capa-
bility of men with proper levels of these hormones [70–72].
Insulin resistance, leading to impairment of glucose transpor-
tation into muscle cells and as a result causing impairment of
the effectiveness of myocyte contraction energetic and in-
creased muscle tiredness, which means a deterioration of
tolerance to physical effort, is quite a significant element of
metabolic disorders observed in patients with CHF [73]. De-
creased insulin sensitivity is also related with a proteolysis
increase within caspase and ubiquitin-proteasome pathway
activating mechanisms, which as a consequence leads to
muscle protein degradation, and then to muscle atrophy and
weakening [74]. Results of studies performed on animal
models and also those performed in men with hypogonadism
indicate the existence of a relationship between androgen
deficiency and insulin resistance in men [72, 73, 75].

4.5 Other effects

The beneficial influence of testosterone on the functioning of
skeletal muscles and physical capability in men suffering from
CHF may also partially result from its other qualities. These
may include an improvement of vascular endothelium func-
tion and the biomechanics of respiratory muscles. In addition,
it may be possible to observe an increase in heart rate vari-
ability and an improvement of baroreceptor sensitivity, togeth-
er with a degree of influence on the intracellular calcium
metabolism, as well as vasodilatation activity, generating an
improvement in perfusion within the pulmonary vascular bed
and in systemic circulation within the scope of skeletal mus-
cles [76–80].

4.6 Determinants of androgen activity

When analysing the effect of anabolic androgens on skeletal
muscles, it is essential to take into consideration the fact that
the observed results relating to the activity of these hormones
on target tissues do not necessarily have to directly depend on
their peripheral blood concentration. The assumption that the
circulatory pool of a given hormone is proportional to its

concentrations obtained in target organs seems to be an ex-
cessive simplification. Transfer of the hormone from the cir-
culating pool into the peripheral tissues depends not only on
the gradient of concentrations between these compartments,
but also on carrier proteins. Additionally, peripheral tissues,
including skeletal muscles, contain local hormonal systems,
where steroid hormones are metabolised and synthesised from
their precursors. Both 3- and 17β-hydroxysteroid dehydroge-
nase transforming DHEA collected from circulating blood
into testosterone and aromatase converting testosterone into
oestrogens have been observed in skeletal muscles [48]. These
issues require further research. Peripheral tissue response to
hormone activity also depends on the sensitivity of specific
receptors, which is genetically conditioned. CAG or GGN
nucleotide polymorphisms in the androgen receptor gene
may affect the influence of testosterone on skeletal muscles
[81, 82]. For example, in the case of CAG polymorphism, the
smaller the number of CAG sequence repetitions, the greater
the ability of androgen receptor transactivation [83]. Further
research on steroid hormone metabolism in peripheral tissues
and skeletal muscles are also required, as it cannot be exclud-
ed that certain beneficial testosterone or DHEAS effects result
from their aromatisation to oestrogens and the true activity by
interaction with oestrogen receptors [84]. Androgen
aromatisation occurring within skeletal muscles may consti-
tute a significant source of the amount of oestrogens circulat-
ing in men [85].

5 Testosterone—an emerging alternative for skeletal
myopathy treatment in patients with CHF?

Therapy with testosterone or its analogues has previously
been used in severe ailments associated with cachexia, such
as AIDS, chronic obstructive pulmonary disease or severe
burns; in the case of which, the anabolic activity of these
hormones was reflected in an increase in muscle mass and
strength [38, 86, 87]. There are few reports concerning the use
of testosterone inmen suffering from chronic heart failure, and
to date there are no data on DHEA activity. The first study
performed by Pugh et al. comprised 20menwith symptomatic
heart failure (HF) and demonstrated that treatment with tes-
tosterone for 3 months improved walking distance, but there
were no effects on muscle strength or body weight [88].
Malkin et al. evaluated the influence of a 12-month-long
testosterone therapy on the form of the transdermal system
and observed a prolongation of marching distance, an increase
in muscle strength and an improvement of NYHA functional
class compared to controls. Apart from burdensome skin
reactions, no significant adverse events were observed [89].
In another study, the same authors evaluated the influence of a
4-week treatment with a combination of testosterone esters on
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insulin resistance, and they reported its improvement, as well
as an increase in overall body mass and a reduction of fatty
tissue mass in a group treated with testosterone in comparison
to the group treated with a placebo [90]. In the largest research
project which has so far been performed, Caminiti et al. eval-
uated the results of a 12-week-long treatment with testoster-
one of prolonged activity, administered intramuscularly in a
group of 70 older men (35 in the group of active treatment and
35 in placebo group) with systolic HF. The project demon-
strated considerable improvements in peak oxygen consump-
tion and quadriceps muscle strength, insulin sensitivity and
baroreceptor sensitivity within the group treated with testos-
terone. No effect on the left ventricle ejection fraction was
observed, which would suggest that a positive influence of
testosterone on physical capability depended on the influence
of peripheral mechanisms [91]. The same research team
performed the first and so far only randomised placebo-
controlled study assessing the effects of a 6-month transder-
mal testosterone supplementation on functional capacity and
insulin resistance in women with chronic HF [92]. The trial,
comprising 36 elderly women, demonstrated a significant
increase in 6-min walking distance (similar to that observed
in the above-mentioned study of men), peak oxygen con-
sumption and muscle strength, as well as a decline in insulin
resistance in the active treatment arm [92].

Results of the above-mentioned studies, although inevita-
bly promising, are still perceived only as “hypothesis-gener-
ating” studies, due to the small study populations treated with
testosterone. Only large prospective randomised controlled
clinical trials will be able to determine the prognostic benefits,
as well the influence on skeletal muscles and physical capa-
bility, resulting from testosterone therapy in patients suffering
from CHF. Further studies addressing this issue are particu-
larly needed in female patients, because, although androgens
also decline with age, their pathophysiological effects on
cardiovascular systems in women remain controversial. It is
also worth mentioning that in the above-mentioned studies,
testosterone was administered in subjects with HF, regardless
of whether or not there was an initial deficiency of this
hormone. Nonetheless, testosterone in men and in women
with an initial deficiency of this hormone is much more
beneficial. In the study by Caminiti et al., a greater improve-
ment of peak oxygen consumption and muscle strength was
observed in patients with low initial testosterone concentra-
tions [91]. Similarly, a more marked increase in 6-min walk-
ing distance was found by Iellamo et al. in women with lower
baseline testosterone levels than in those with normal levels at
the initiation of testosterone therapy [92]. In the case of
hormones, there usually exists a clear U-shaped dependence
between the peripheral blood concentration of a given hor-
mone and clinical results of its activity, which means that there
is a range of optimal values concerning the peripheral blood
concentration of this hormone and exceeding this range, both

towards surplus or deficiency, would be related with a deteri-
oration of clinical parameters. In relation to the above, the
correction of testosterone deficiency should most probably be
characterised by an increased safety profile in comparison to
administering this hormone to patients with its proper initial
level. Experiences related with the use of anabolic-androgen
steroids in sport doping indicate the harmfulness of
supraphysiological doses and concentrations of these hor-
mones. Long-term usage of this type of pharmacological
support may lead, inter alia, to mood changes, development
of proatherogenic lipid profiles, increases in thrombotic and
inflammatory processes and impairment of vascular endothe-
lium functions. It may also increase the risk of sudden cardiac
death and myocardial infarction [93–95]. In the studies per-
formed so far on patients with heart failure, testosterone
administration at replacement levels, i.e. much smaller doses,
has been shown to be well tolerated with no significant ad-
verse effects [87, 88, 90, 91]. Notably, such a therapy seems
also to be safe in elderly women [92].

6 Conclusion

Anabolic deficiency in patients with chronic heart failure
results in skeletal myopathy which constitutes an important
mechanism in heart failure pathogenesis and favours progres-
sion of the disease. Therefore, treatment with testosterone
aimed at counteracting anabolic imbalance and reconstructing
the proper skeletal muscle structure and function could pro-
vide a potentially attractive option for patients with heart
failure.

Several aspects, including safety, modality of administra-
tion and dosages, should be addressed by further investiga-
tions before these novel therapeutic options will be able to
enter daily clinical practice.
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