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Sex Hormone-Binding Globulin and Heart Failure:
a Passive Carrier of Steroid Hormones
or an Active Hormone Itself?
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Although the links between the endocrine and
cardiovascular systems have been neglected for
many years, there is increasing evidence that the
myocardium, as with all body tissues and organs,
remains under constant hormone influences.
Experimental and clinical models have indicated
that virtually all the hormone receptors are present
within cardiomyocytes and other cellular elements
of the myocardium. Abnormal levels of thyroid
hormones, catecholamines, growth hormone, and
steroid hormones, to name but a few, may lead to
heart dysfunction, and hormone derangements
appear to have even greater clinical relevance in the
case of pre-existing heart failure (HF).
Aldosterone and cortisol were first isolated
and synthesized over 50 years ago. Since then,
cardiologists and cardiovascular scientists have
focused on these 2 classes of steroid hormones
(mineralocorticoids
and
glucocorticoids).
Nowadays, the multidimensional input of
aldosterone and cortisol signaling into the
pathogenesis of cardiovascular disease, in particular
HF, is undisputed,1 and aldosterone antagonists
have been shown to reduce mortality and morbidity,
becoming an obligatory part of standard therapy
in HF patients. Four major enzymatic pathways
are involved in steroidogenesis, 2 of which are
related to the synthesis of mineralocorticoids and
glucocorticoids, whilst the others are associated
with the synthesis of androgens and estrogens. In
functional terms, they create the interrelated system
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of enzymatic pathways which is indispensable
to the synthesis of various steroids.2 Bearing in
mind the established derangements within the
mineralocorticoid and glucocorticoid pathways in
HF, it is surprising that the rest of this enzymatic
system and its hormone products have been
neglected for so long.
We have demonstrated the high prevalence
of deficiencies in circulating testosterone and
dehydroepiandrosterone sulphate (DHEAS) in
men with systolic chronic HF in comparison with
healthy peers.3 We have also showed that reduced
and increased levels of serum estradiol are prevalent
in men with systolic chronic HF.4 Moreover,
derangements in both androgen and estrogen
metabolism have significant clinical and prognostic
consequences in these patients.3-6 We have observed
that testosterone deficiency is related to impaired
exercise capacity, augmented depressive symptoms,
reduced haemoglobin level, and reduced bone mass,
whereas DHEAS deficiency is accompanied by high
plasma levels of N-terminal pro-B type natriuretic
peptide and augmented depressive symptoms in
men with systolic chronic HF. In men with systolic
chronic HF, deficiencies in circulating testosterone,
DHEAS and insulin-like growth factor 1 are
independent predictors of high 3-year mortality,
even after adjusting for conventional confounders.3
In addition, we have demonstrated a U-shaped
curce relating 3-year mortality in these patients and
serum estradiol. In other words, high and low levels
of circulating estradiol were related to increased
mortality when compared with the middle quintile
of estradiol, irrespective of circulating androgen
levels and other clinical risk factors.4
The study by Pascual Figal et al describing
circulating levels of sex hormone binding globulin
(SHBG) in men with systolic chronic HF,7 provides
interesting data which expand our knowledge on
the functioning of the steroid hormone system in
these patients. In this context, SHBG plays two
major roles. Firstly, it can modify the balance
between circulating steroids and those entering
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peripheral tissues, and it can also interfere with the
functioning of target cells.
Originally, SHBG was discovered as a
glycoprotein secreted by hepatocytes into the
peripheral blood providing storage for circulating
steroid hormones (androgens, estrogens, etc),
in this way regulating both the availability of
these steroid hormones to target tissues and their
interaction with nuclear (intracellular) receptors.8-10
In recent years, our knowledge of the role of SHBG
in the hormonal system has substantially increased.
It has been shown that it is also produced in
peripheral tissues, and that it is present in a variety
of steroid hormone-responsive cells. It is considered
an element of a novel signal transduction
system with specific receptors located on the cell
membrane, providing storage for in which cAMP
serves as a major second intracellular messenger.
The signaling system involving SHBG is different
from and independent of a classical system based on
intracellular steroid receptors.8,11,12 However, there
is a bi-directional functional link between these 2
systems. Through intracellular molecular changes
SHBG can modify the affinity of steroid hormone
receptors to their ligands. On the other hand, when
binding to SHBG all steroid molecules modify
the affinity of SHBG to its membrane receptors,
and hence steroid hormones can directly modify
the biological function of SHBG, acting as either
agonists or antagonists of SHBG receptor-mediated
signaling with the final effect being dependent on
the type of target cells.8,13-15
Circulating levels of SHBG are influenced by
many factors and are associated with nutritional
state as well as lipid and glucose metabolism.9,1618
For example, reduced levels of SHBG are
seen in central obesity, metabolic syndrome,
hyperinsulinaemia, insulin resistance, excess of
glucocorticoids, androgens and growth hormone,
as well as thyroid hormone and estrogen deficits.
Increased circulating SHBG levels have been
shown to be associated with malnutrition,
cachexia, anorexia nervosa, some cancers, anabolic
deficiency, and a predominance of catabolism.
Ingreased SHBG levels are observed in the aging
process and may also be a side effect taking of
certain medications, including some anti-epileptics.
The paper by Pascual Figal et al is the first to
provide evidence on the range of serum SHBG in
men with systolic chronic HF and suggests that
high circulating SHBG may be related to poor
outcomes.7 The interpretation of their results is
unclear, but increased serum SHBG in men with
systolic chronic HF may resemble that observed
in aging males, in those with testosterone and/or
growth hormone deficiency, or in malnourished or
cachectic subjects without heart disease. The precise
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mechanisms leading to increased production (or/
and impaired metabolism) of SHBG in HF remain
unknown. In several studies, low levels of SHBG
have been associated with a higher cardiovascular
risk in asymptomatic men and male patients with
coronary heart disease.19,20 In contrast, the Pascual
Figal et al study suggests that high (but not low)
levels of SHBG predict unfavorable outcome
in men with HF. One may hypothesize that the
observed association constitutes another element
of the “paradoxical” epidemiology seen in HF
patients, where reduced fat mass, low cholesterol,
and low blood pressure are linked with increased
mortality.
In our opinion, myocardium is not only a target
tissue for steroid hormones, but can in fact be
considered a specific endocrine organ. Specific
receptors for aldosterone, cortisole, androgens, and
estrogens have been isolated from cardiomyocytes,
and
their
agonists/antagonists
affect
the
functioning of myocardium; furthermore, several
enzymes involved in steroidogenesis are expressed
in cardiomyocytes and cardiofibroblasts.21-23
Nakamura et al have demonstrated that normal
hearts primarily produce DHEAS, together with
a small amount of aldosterone, whereas in failing
hearts aldosterone synthesis increases and DHEAS
production is reduced.22 SHBG (both protein and
mRNA, thereby suggesting in situ synthesis) is
present in non-hepatic cells that respond to sex
steroids, but it remains to be established whether
the locally expressed SHBG affects intracellular
steroid signaling or acts in an autocrine/paracrine
manner.8,24 Only recently, Schock et al demonstrated
that the expression of SHBG is markedly increased
in the cardiomyocytes of men with dilated
cardiomyopathy.25 This is the first evidence that
the SHBG system exists in the myocardium and is
deranged in failing hearts, and that it is not only
present in circulation as demonstrated by Pascual
Figal et al.7 The clinical significance of this finding
remains unclear.
The issue studied by Pascual Figal et al is novel
and very current7 and represents a further step in
the exploration of the influence of sex hormones on
myocardium. The interpretation of high circulating
SHBG in men with systolic chronic HF and its
link with increased mortality is unclear; further
comprehensive analyses are needed. It may simply
be an epiphenomenon reflecting derangements in
lipid metabolism and changes in fat metabolism
and body composition,9,16-18 though it could also
reflect the presence of an adaptive mechanism. It is
worth noting that, theoretically at least, the SHBG
system could be considered a therapeutic target. It
has already been demonstrated that certain drugs
which target receptors in the SHBG signaling
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system affect tissue growth. Their role in patients
with HF with a deranged balance between anabolic
and catabolic stimuli may suggest an interesting
therapeutic approach, though further studies are
warranted.
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