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ABSTRACT

Pathological age-related involution of the male reproductive system is characterized by combined clinical manifestations,
which are designated by the terms age-related androgen deficiency syndrome, andropause, and male menopause. In modern
foreign literature, the term “late hypogonadism” is more often used; in domestic literature, “age-related androgen deficiency”
is utilized. The problem of late hypogonadism has gone beyond the scope of endocrinology and sexopathology. Currently, it has
acquired an interdisciplinary character and gained attention from gerontologists, cardiologists, diabetologists, andrologists,
and other specialists. The medical and social significance of age-related androgen deficiency syndrome is determined by the
fact that it worsens the quality of life and is a risk factor for death, primarily from cardiovascular diseases. The review article
presents modern ideas regarding the effect of statins on the androgen status of men with cardiac pathology and hypercholes-
terolemia.
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AHApPOreHHbI CTAaTyC U CTaTUHbI: NPOTUBOPEYUs
B COBPEeMEHHOMU nuTepartype
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AHHOTALNA

MaTonormyeckas BO3PacTHas WHBOJIOLMS MYMCKOM PENPOLYKTUBHOM CUCTEMbI XapaKTEpPU3YETCA COYETAHWEM KIIMHWUYe-
CKUX MpOSIBNIEHUIA, KOTopble 0603HaYaloTCs TepMUHAMM «CUHAPOM BO3PAcTHOTO AeduuMTa aHAPOreHoB», «aHApomnay3sa»,
«MYXCKOW KIMMaKc». B coBpeMeHHOM 3apybexHoi nuTepaType Yalue WCMOSb3yKT TEPMUH «MO3LHWA TMMNOrOHaAU3My,
B OTEYECTBEHHOI — «BO3PacTHOW aHaporeHofeduuUT». [pobneMa no3aHero rMNoroHaaM3aMa yxe AaBHO BbILLNA 3@ PaMKK
3HOKPUHONOTMM U CEKCONaToNorMu. B HacTosee BpeMs oHa nprobpena MeXanCLMMMHAPHBIN XapaKTep U SBNSeTCa npej-
METOM WHTEepeca repoHTOsIOr0B, KapAMoIoroB, AvabeTonoroB, aHAPONOroB U ApYruX cneuuanuctoB. Meamko-coumanbHoe
3HayeHue CMHLPOMa BO3PAcTHOr0 aHAporeHoeduUMTa ONpesensieTca TeM, YTO OH He TOJIbKO YXYALIAeT KauyecTBO MM3HMU,
HO M NpU3HaeTCA KaK (aKTop pucKa CMepTH, Mpexae BCEro 0T CepAeqH0-COCyaucThIX 3aboneBaHnid. B 0630pHOI cTaTbe
aBTOPbI MPUBOAST COBPEMEHHbIE NPEACTaBEHNA BAMSHUS CTaTUHOB HA aHAPOreHHbINA CTAaTyC MYXUMH C KapaMONOrniecKom
naTosoru1eii U runepxonecTepuHeMmei.

KnioueBble cnoBa: CTaTUHbI; cepae4yHo-cocyaucTble 3aboneBaHus; aHHPOFEHHbIﬁ JJ,ECIJVILI,VIT; IPEKTUNbHaA D,VICCIJYHKLI,VIFI;
rmnepxonucTepuHeMua.
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INTRODUCTION

In Russia, androgen deficiency is underdiagnosed in
men, and the frequency of prescribing replacement ther-
apy for detected testosterone deficiency in men is 5%-
10% [1]. Owing to low awareness of patients and doctors
and challenges in diagnosing androgen deficiency, such
pathology often remains hidden for a long time, which
leads to the development of cardiovascular diseases and
other pathological conditions at a younger age than in
men without androgen deficiency [2].

Undiagnosed testosterone deficiency, because of the
universality of physiologic effects of androgens, can
worsen the prognosis of any somatic disease in men,
including cardiovascular disease. Androgenic deficiency
reduces the efficiency of glucose utilization by myocytes
and hepatocytes and can result in deficiency of muscle
mass and its replacement with adipose tissue, which ac-
tively secretes leptin and inflammatory factors, and thus,
in hyperglycemia and hyperinsulinemia [3-5], and even-
tually, insulin resistance may develop, which is the main
component of the metabolic syndrome [6].

Testosterone is involved in several vital functions in
the male body, inducing androgenic, reproductive, psy-
chophysiologic, anabolic, hematopoietic, and antigonado-
tropic effects. In men, after age 30-40 years, testosterone
levels in the blood decrease by an average of 1%-1.5%
per year. Low-onset hypogonadism (LOH) develops when
the level of total testosterone is <10-12 nmol/l [7, 8]
(according to other data, <8 nmol/l) and free testoster-
one is <220 pmol/l [9]. These indicators were recorded
in 5%-7% of men aged 40-49 years, 10% of those aged
50-59 years, 20% of those aged 60-69 years, 30% of
those aged 70-79 years, and almost half of the surveyed
men aged >80 years [10, 11].

The main substrate for the synthesis of testoster-
one and of all steroids in the male body is cholesterol,
which can be synthesized from acetate and serum lipo-
proteins, possibly from the fraction of low-density lipo-
proteins (LDL) [12]. In the synthesis of this androgen,
cholesterol acts as a precursor. Testosterone and cho-
lesterol have a close relationship. The main source of
testosterone in the male body is the Leydig cells of the
testicles, wherein testosterone is formed from choles-
terol by successive enzymatic reactions. Cholesterol can
be synthesized from acetate or extracted from LDL in
the blood. When lipids in the male body are insufficient
or when taking cholesterol-lowering drugs, symptoms
of hypogonadism are observed [13], including decreased
libido and erectile dysfunction (ED) [14-16].

Androgen deficiency can be considered as a risk fac-
tor of atherosclerosis in young men [17]. The significant
role of androgen deficiency in atherogenesis has been
confirmed by several studies, wherein it was determined
that male patients with coronary heart disease (CHD)
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manifest low levels of free testosterone [18]. Activation
of systemic inflammation processes may be a univer-
sal pathological reaction combining atherogenesis with
manifestations of androgen deficiency [5].

CLINICAL OBSERVATIONS AND STUDIES

Literature and clinical practice data indicate that the
problem of age-related androgen deficiency (AAD) in CHD
is crucial owing to the continuing relevance of CHD as the
main cause of mortality worldwide [19-21]. Vlachopoulus
et al. [22] concluded that low testosterone levels in older
men with hypertension can be an additional criterion for
cardiovascular risk. This opinion is shared by other au-
thors [23, 24]. In addition, to the vasodilating effect of
testosterone [25], this hormone has a protective effect
on the development of vascular inflammation and insu-
lin resistance, which are key factors of atherogenesis
(26, 27].

Over the past 15 years, a direct correlation between
endogenous testosterone levels and antiatherogenic
high-density lipoprotein (HDL) levels and an inverse
correlation with plasma levels of total cholesterol and
LDL have been found [28]. Thus, AAD can be considered
a predictor of systemic atherosclerosis and related
diseases [28] and is associated with atherogenic dysli-
pidemia and early development of atherosclerosis [29].
To date, adequate information has indicated that the ath-
erosclerotic process exhibit signs of chronic inflamma-
tion. Cells responsible for inflammation and high levels of
pro-inflammatory cytokines were found in atheromatous
plaques [30]. Moreover, in the most vulnerable plaques,
which are the cause of acute arterial thrombosis, inflam-
mation is most pronounced [31, 32].

Lowering the levels of cholesterol and LDL using
lipid-lowering therapy provides significant reduction in
cardiovascular risk. Notably, the mechanism of athero-
genesis is a complex process involving various com-
plicated interacting factors of the internal and external
environment.

Statins should be used in the treatment of primary and
secondary prevention of diseases associated with athero-
sclerosis. The treatment of atherosclerosis has become
possible owing to the discoveries in recent decades, the
main of which is the receptor theory of lipid metabolism
and the therapy based on it using 3-hydroxy3-methylgl-
utaryl coenzyme (HMG-CoA reductase) inhibitors, namely,
statins. Statins were discovered by Japanese scientists
led by Akira Endo in the early 1970s [33]. The first statin
(i.e., compactin, later renamed to mevastatin) was used
to treat a homozygous form of familial hypercholester-
olemia.

The hypocholesterolemic effect of statins is based on
their ability to inhibit the activity of the enzyme HMG-CoA
reductase, which is a key enzyme in endogenous
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cholesterol synthesis [33]. Currently available statins
can be divided into two groups: enzyme-derived statins
(e.g., simvastatin and pravastatin) and synthetic statins
(e.g., atorvastatin, cerivastatin, fluvastatin, pitavas-
tatin, lovastatin, and rosuvastatin). Currently, eight
statins have been studied: lovastatin, pravastatin, flu-
vastatin, simvastatin, cerivastatin (withdrawn from the
pharmaceutical market), atorvastatin, rosuvastatin, and
pitavastatin (clinical trials are ongoing). Statins have
different lipid-lowering activity — from moderate (flu-
vastatin and pravastatin) to very high (atorvastatin and
rosuvastatin).

The clinical results of statin treatment are eluci-
dated by its hypocholesterolemic effect and other ben-
eficial effects called pleiotropic. These effects of statins
are obtained through regulation of endothelial function
and restoration of endothelium-dependent vasodilation
and NO metabolism. By a complex effect, including by
activating protein kinase B directly in endothelial cells,
phosphorylation of endothelial NO synthase (eNOS) under
the influence of statins causes an increase in NO produc-
tion [34, 35]. The lipid-lowering effect differs when us-
ing different statins. Numerous studies have shown that
rosuvastatin is the most effective statin in reducing LDL
levels, significantly increasing HDL levels and slowing
the progression of the atherosclerotic process, which the
main cause of CVD [36].

The hypoandrogenic effects of statins can be observed
in the inhibition of the mevalonate pathway, resulting in
decreased synthesis and availability of cholesterol, which
is a substrate for androgen production. The mechanism
of action of statins on hypothalamic/pituitary function is
unclear and requires further study. The statin-induced
decrease in androgen levels may be associated with an
effect on the function of the hypothalamic/pituitary sys-
tem [37].

The results of studies on the assessment of the effect
of statins on erectile function are contradictory. Chou et
al. [38] found that the use of statins in men aged 40-
79 years was associated with a reduced risk of ED. These
data can be explained by the conjugation of the main
mechanism of action of statins, the presence of pleiotro-
pic and metabolic effects, and factors that form ED [39].
In a double-blind randomized controlled trial, Trivedi et
al. [40] showed that in men with ED aged 40 years, the
use of simvastatin at a dose of 40 mg for 6 months sig-
nificantly improved erectile function and quality of life
in general [40]. However, other studies presented a dif-
ferent opinion about the effect of statins on the erectile
function of men. Cai et al. [41] and Kostis et al. [42] re-
ported that therapy with statins can reduce testosterone
levels and aggravate ED symptoms.

The main lipid-lowering effect of statins is to re-
duce the level of total cholesterol by reducing its
most atherogenic fraction, namely, LDL [43, 44].
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The administration of statins can lead to testicular dis-
comfort, ED, changes in sperm parameters, and impaired
steroid hormone production [45]. Reports on the adverse
effects of statins on the male reproductive system are
contradictory. Apparently, the negative effects of statins
are associated with an unbalanced or reduced level of
steroid hormones, which are crucial for normal sper-
matogenesis and sexual function. However, the posi-
tive effects are associated with the anti-inflammatory
and cardioprotective properties of the statins. These
contradictory results are partly due to the different age
of patients, concentration of statins, type and duration
of treatment, and underlying disease and/or concomitant
nosologies [45].

Kocum et al. [46] evaluated androgen and gonadotro-
pin levels in 77 men with CHD initially and after 12 weeks
of treatment with different doses of atorvastatin (40—
80 mg per day) with target serum LDL level <70 mg/dL
and compared them with 83 patients with CHD who were
regularly receiving doses of atorvastatin (10-20 mg per
day) with target serum LDL level <100 mg/dL. The study
results showed that the average LDL levels in the groups
taking higher and regular doses of atorvastatin were
77 + 9 and 98 + 10 mg/dL, respectively. After 12 weeks
of treatment, no significant changes were noted in the
blood serum levels of total and free testosterone, sex
hormone-binding globulin (SHBG), and luteinizing and
follicle-stimulating hormones in patients of both groups.
Thus, a higher dose of atorvastatin to achieve serum LDL
levels of 70 mg/dl appear to be as safe as the usual dose
to achieve serum LDL levels of 100 mg/dl from the point
of view of gonadal steroidogenesis in men with CHD [46].
In their meta-analysis of placebo-controlled randomized
trials, de Keyser et al. [15] showed that current statin
intake for 1-6 months was accompanied by lower lev-
els of total testosterone compared to those patients
who did not take statins. Moreover, current statin use
for 1-6 months has been associated with significantly
lower levels of non-SHBG testosterone. Testosterone
levels tended to decrease with higher doses of statins
for both total and non-SHBG testosterone. No association
was found between statin use in the past and testoster-
one levels [15]. However, the analysis of several suf-
ficiently comprehensive and representative randomized
trials by Grundy et al. [47] demonstrated that statins
induce a minimal effect on steroidogenesis in men,
and such an effect is not clinically significant [47]. Drugs
of this group can slightly lower the level of testosterone
in blood plasma, but do not cause hypogonadism [48, 49],
and their effect on erectile function is favorable and may
be beneficial [50]. There is no direct evidence that statins
cause ED [51-53].

Furthermore, experimental studies on the effect
of statins (simvastatin and rosuvastatin) on the level
of sex hormones in male rats demonstrated a significant
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decrease in testosterone, estradiol, and progesterone
levels while reducing total cholesterol [54-56]. Kline-
felter et al. [57] measured 18-hour testosterone produc-
tion in vitro using highly purified Leydig rat cells exposed
to atorvastatin, mevastatin, or simvastatin. Statins had
no effect on testosterone production when cultured
without the luteinizing hormone. However, at a level of
10 ng/mL, testosterone production was 12-fold or even
higher and markedly inhibited (-40%) at =0.3 pM of any
of the statins used. In contrast, an experimental study
of the effect of atorvastatin on the erectile function of
rats with induced diabetes mellitus demonstrated an
improvement in the erectile response of animal penile
tissue [58].

Clinical studies have shown a negative effect of statins
on the erectile function of men with hyperlipidemia after
a 6-month treatment [59-62]. It has been reported that
in patients with type 2 diabetes mellitus, the use of ro-
suvastatin for 6 months reduces the level of free testos-
terone but does not affect sexual function [63]. Bohm et
al. obtained similar results in their study of pravastatin
on the hormonal profile in men [64].

A meta-analysis of five placebo-controlled random-
ized trials involving 501 middle-aged men with hyper-
cholesterolemia showed that statins significantly reduced
testosterone levels by 0.66 nmol/l (95% confidence inter-
val, from —0.14 to —1.18) [65]. A study comparing sim-
vastatin at doses of 80 and 40 mg/day among 640 men
after 48 weeks of treatment demonstrated a 10.3% and
7.5% decrease in total testosterone levels, respectively
[66], which is consistent with a 3.4% decrease among
men taking simvastatin at a dose of 20 mg/day. These
findings indicate the dose-dependent effect of statins
on testosterone levels. Dobs et al. [67] found that after
12 weeks of simvastatin treatment, the levels of total
testosterone and free testosterone decreased by 13.6%
and 6.3%, respectively [67].

In vitro studies conducted by Smals et al. [68]
showed that in concentrations exceeding in vivo con-
centrations, simvastatin suppresses the synthesis of
androgens androstenediol and testosterone in human
testicular homogenates. Simvastatin, in addition to its
known inhibitory effect on HMG-CoA reductase activ-
ity, has been demonstrated to affect the later stages of
steroidogenesis in the testicles by selectively inhibiting
the 17-ketosteroid oxidoreductase-catalyzed conver-
sion of dehydroepiandrosterone and androstenedione to
androstenediol and testosterone, respectively. At doses
commonly used in the treatment of hypercholester-
olemia, simvastatin does not affect steroidogenesis in
the testicles; however, at higher doses, especially when
inadvertently administered in early pregnancy, adverse
effects on normal testosterone biosynthesis and, con-
sequently, on fetal development should be considered
[42, 68-74].
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CONCLUSIONS

1. Late hypogonadism, or LOH, is a critical medi-
cal problem that has now acquired an interdisciplin-
ary character. It is the subject of study not only by
endocrinologists and sex therapists but also by geron-
tologists, cardiologists, diabetologists, andrologists,
and other specialists, which indicates its high clinical
significance.

2. Pathological age-related involution of the male
reproductive system characterized by AAD syndrome,
andropause, or male menopause leads to clinical mani-
festations that significantly worsen the quality of life of
patients.

3. AAD syndrome worsens the quality of life of pa-
tients and is a risk factor for death, primarily from car-
diovascular diseases. This highlights the medical and so-
cial significance of the problem and the need for timely
diagnosis and treatment.

4. The contradictions revealed in the existing litera-
ture, reflecting different views on the mechanisms of
development and treatment of late hypogonadism (statin
therapy), indicate the relevance of further research and
development of a unified methodology for the diagnosis
and treatment of this syndrome.

5. Other key aspects of the problem of late hypogo-
nadism are drug treatment and lifestyle correction of
patients, which emphasizes the need for an integrated
approach to solving this problem.
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AOMO/IHUTENIbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLIECTBEHHLIA BKNAA
B pa3paboTKy KOHUenuuu, NpoBeAeHWe UCCNeAoBaHUS W MOAro-
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KoHdnukT wuHTepecoB. ABTOpbl [eKNapupylT OTCYTCTBUE
AIBHbIX M MOTEHUMANbHBIX KOHGMJIMKTOB MHTEPECOB, CBSA3aHHBIX
¢ nybamMKaumeit HacTosLLEN CTaTb.
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