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Introduction
The term male hypogonadism refers to a dysfunc-
tion of Sertoli, germ or Leydig cells, resulting in 
spermatogenetic failure and infertility or in an 
abnormal steroidogenesis. Specifically, Leydig cell 
failure to secrete adequate levels of testosterone (T) 
is defined as testosterone deficiency (TD).1 Its diag-
nosis is established when specific symptoms and 
signs of hypogonadism combine with low T levels. 
In particular, the last Endocrine Society guidelines 
consider 9.2 nmol/l (265.1 ng/dl) as the lower limit 
(corresponding to the 2.5th percentile) of normal 
total T in healthy nonobese young men.2 Hence, at 
least two values of total T ⩽ 9.1 nmol/l and specific 
signs (e.g. incomplete sexual development, loss of 
body hair, small  testis), suggestive symptoms (e.g. 
reduced libido, erectile dysfunction, low bone min-
eralization) or nonspecific symptoms (e.g. anemia, 
fatigue, increase of body fat) are warranted to make 
the diagnosis of hypogonadism.2

A great amount of evidence supports that T is an 
important biomarker of man’s health. Accordingly, 
TD associates with aging, obesity, poor health, 
metabolic syndrome, and cardiovascular disease 
(CVD).3 More in detail, epidemiological studies 
identified TD as a risk factor for myocardial 
infarction, ischemic stroke and other adverse car-
diovascular events.4 Patients with TD show an 
increase of the all-cause mortality risk in a 4–16-
year follow-up period.3,5 Lastly, normal serum T 
levels promote glucose homeostasis through a bet-
ter glucose uptake, utilization and disposal, thus 
supporting a general improvement of metabolism. 
As a consequence, T deficiency favors hyperglyce-
mia, and associates with metabolic syndrome 
(MetS) and type II diabetes mellitus (T2DM).6 
Furthermore, T deficiency has been shown to 
alter the lipid profile and to change body composi-
tion promoting the accumulation of visceral fat  
by causing insulin resistance.7 Based on the 
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hypogonadal–obesity–adipocytokine hypothesis, 
central obesity (often related to MetS and T2DM) 
associates with lower T levels due to the aromati-
zation into estrogens occurring in adipocytes. In 
turn, the activity of lipoprotein lipase, involved in 
the storage of triglycerides into the adipocytes, 
and the differentiation of pluripotent stem cells 
into mature adipocytes are favored by the low T 
levels.8 The subsequent adipocyte accumulation 
and enlargement leads to insulin resistance. 
Finally, T is able to affect prostate cell prolifera-
tion under a specific range of values, and the 
impact of T replacement therapy (TRT) on pros-
tate disorders is often matter of discussion.

Several lines of clinical evidence have been 
released so far on the impact of TRT on the gen-
eral health of patients with hypogonadism. The 
primary aim of this review is to provide a com-
prehensive and updated overview of the effects 
of TRT on metabolic and cardiovascular sys-
tems and prostate tissue in patients with hypog-
onadism. Conditions which may benefits from 
TRT and those representing contraindications 
to T prescription are also included.

The amount of the epidemiological data recently 
accrued on the SARS-CoV2 infection revealed piv-
otal aspects deserving consideration. These include 
the age- and comorbidity-dependent mortality, and 
the increased risk in males than females, which 
leads to speculate on a possible influence of T on 
the virus infection.9 Hence, the secondary aim of 
this review is to resume the available evidence on 
this matter and the implications in the management 
of patients with SARS-CoV2 infection.

To accomplish the aims of the study, we per-
formed a search on PubMed, Scopus, Ovid and 
Science Direct, and the following keywords were 
used: hypogonadism, TD, TRT, blood pressure, 
hypertension, ischemic heart disease, heart fail-
ure, stroke, obesity, insulin, diabetes, metabolic 
disorders, prostatic hyperplasia, prostate cancer, 
COVID-19, and SARS-CoV2.

Benefits of testosterone replacement 
therapy on metabolic disorders

Relationship between metabolic disorders and 
hypogonadism
Metabolic disorders are some of the most relevant 
problems of our time. MetS includes insulin 

resistance, hypertension, dyslipidemia, abdomi-
nal fat accumulation, which are all cardiovascular 
risk factors. In particular, the comorbidities asso-
ciated with obesity are multidisciplinary (meta-
bolic, vascular, gastrointestinal, respiratory, 
oncological, osteoarticular, psychological), and 
the risk of comorbidities caused by obesity has 
been stratified according to the World Health 
Organization classification. Obesity, MetS, insu-
lin resistance, T2DM and hypogonadism are 
closely linked in men.10,11 Strong evidence has 
been reported on the relationship between the 
maintenance of normal metabolic parameters and 
the testicular function. Both MetS and T2DM 
associate with TD and levels of total and free T 
are inversely correlated with the body mass index 
(BMI).12 Furthermore, men with obesity have 
low luteinizing hormone (LH) pulse amplitude in 
comparison with normal weight controls, and 
those with T2DM were found to have a reduced 
gonadotropin-releasing hormone (GnRH) pulsa-
tility. However, there is a bidirectional association 
link between metabolic disorders and male hypo-
gonadism.12 In fact, hypotestosteronemia can 
increase body fat accumulation and worsen the 
carbohydrate metabolism.

In hypogonadal patients TRT has been shown to 
improve glucose control, lipid profile, blood pres-
sure, and waist circumference. Therefore, the 
maintenance of normal serum T levels in hypogo-
nadal patients has long-term effects on the devel-
opment of MetS and the quality of life (QoL) in 
general. Genetic and environmental factors seem 
to be also involved in this complex model of inter-
action. However, mechanisms specifically linking 
TD with fat mass accumulation and dysmetabo-
lism are still far to be understood.

Molecular mechanisms of metabolic decay in 
hypogonadism
A vicious cycle between obesity and insulin 
resistance has been reported. Indeed, the adi-
pose tissue and T are strictly related, as adipo-
cytes host the aromatase enzyme. An important 
relationship between the adipose tissue and T 
lays in the “adipose tissue-aromatase” hypothe-
sis, which states that aromatase activity makes 
the adipocytes larger, due to fat accumulation, 
leading to higher rates of conversion of T into 
E2. This generates a negative feedback on the 
hypothalamic–pituitary–gonadal axis that results 
in lower T levels.13
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An increased adiposity decreases serum T levels 
even before the onset of phenotypic obesity by 
suppressing the testicular leptin and JAK–STAT 
pathway.14 An oxidative damage of the Leydig 
cells in obesity due to increase in inflammatory 
pathways [e.g. interleukin (IL)-1 receptor] has 
also been shown. High fat-diet-induced obesity 
also leads to insulin resistance through several 
signaling molecules [such as tumor necrosis fac-
tor (TNF)-α, IL-1, IL-6, IL-8 and monocyte 
chemotactic protein (MCP)-1] and release of free 
fatty acids (FFAs) that affect the liver leading to 
hepatic insulin resistance, lipogenesis and gluco-
neogenesis.3 Furthermore, FFAs can compete 
with glucose as an energy source in the muscle.15

Hypogonadism can be the initial trigger of the 
vicious cycle of metabolic decay. The molecular 
pathways have been shown in rats, and there is 
consensus on a protective role of T on β-cells 
through antioxidant and antiapoptotic effects. 
There are many experimental evidences of these 
effects at various levels, exerted by T binding to 
the androgen receptor (AR), as AR experimental 
blocking (with the antiandrogen flutamide) 
impairs glucose-stimulated insulin secretion.16 
Studies have shown that T regulates the produc-
tion of enzymes with antioxidant properties in  
β-cells.17 Moreover, evidence has recently shown 
that the androgens interfere with the signaling of 
glucocorticoids responsible of pancreatic β-cell 
apoptosis. Androgens also hinder the dexametha-
sone-induced increase of the thioredoxin-inter-
acting protein, which has pro-apoptotic effects in 
β-cells.18 T can also decrease markers of oxidative 
damage, which have been induced by orchiec-
tomy in the hippocampus of rodents.19 Lastly, 
recent studies in patients with T deficiency 
showed that exogenous T inhibits JNK, IKK-β 
and TNF-α, which in turn are the major inflam-
matory cytokines involved in development of 
insulin resistance, which may suggest that T pro-
tects against inflammation-induced insulin resist-
ance.19,20 Recent evidence has shown that the 
anti-inflammatory effect of T, displayed by trig-
gering the AR, has wider implication than thought 
before. Another effect of T deficiency is the 
increase in body fat, especially visceral fat, which 
is more T-related than subcutaneous fat.21 The 
reason is the subsequent increase in lipoprotein 
lipase activity in adipose tissue, which in turn 
brings to a poor triglycerides control, together 
with a lower response to catecholamine-mediated 
lipolytic activity.22,23 The sensitivity of fat tissue 

to T could also be related to other hormones, as a 
study showed that TRT in T2DM patients 
improves leptin/adiponectin ratios and leptin lev-
els,24 and also T-stimulated growth hormone 
(GH) exerts various effects in adipose tissue 
(inhibition of proinflammatory cytokines, such as 
TNF-α, IL-6, soluble Fas and Fas ligand).25,26

There are no exhaustive studies that show a direct 
role of TRT on dyslipidemia yet, but visceral fat 
decrease is clearly associated with a better lipid pro-
file. A study enlightened interesting molecular 
mechanisms on hypogonadal patients: proathero-
genic lipoprotein-associated changes were found 
which explain a reduced cholesterol efflux and an 
increased influx, providing a possible explanation 
for the increase of CVD risk. However, high- density 
lipoprotein (HDL)-C concentrations did not cor-
relate with T levels.27 However, the effect on the 
HDL subtypes was not reported.27 Another study 
showed an elevated triglyceride (TG)/HDL-C ratio 
in patients with  hypogonadotropic hypogonadism 
(HH); the TG/HDL-C ratio represents an index of 
atherosclerosis and insulin resistance, being also an 
independent predictor of CVD risk.28

A summary of the relationship between hypog-
onadism, diabetes and visceral fat is shown in 
Figure 1.

Effects of testosterone administration on 
metabolic diseases
TRT efficacy on metabolic disorders and body 
composition has clearly showed positive results. 
Fui and colleagues reported that 56 weeks of TRT 
leads to a reduction in visceral fat, and a trend 
towards an improvement of carbohydrate metab-
olism in obese patients with TD (<12 nmol/l).13 
Another study showed that 100 mg/week of TRT 
for 3 months lowered glycated hemoglobin by 
0.37%.29 In agreement with these data, other 
authors reported the amelioration of subcutane-
ous fat, but no reduction in visceral and hepatic 
adipose tissue following 24 weeks from TRT in 
T2DM patients with TD.20 Of note, both the glu-
cose infusion rate and insulin signaling gene 
expression (e.g. IR-β, IRS-1, AKT-2, and 
GLUT4) increased while, by contrast, FFAs, 
C-reactive protein, IL-1β TNF-α and leptin 
decreased in the fat tissue after TRT. Hence, this 
study showed a greater improvement in the 
molecular signaling pathways than in the pheno-
typic appearance.20 Another study on obese, 
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nondiabetic, eugonadal men, showed a reduction 
of visceral fat and an improvement of insulin 
resistance, glycemia, diastolic blood pressure and 
serum cholesterol, with no change of prostate-
specific antigen (PSA) levels, following an 
8-month-long TRT.30 However, other authors 
did not find ameliorations of insulin resistance, 
glucose control or visceral fat in T2DM patients 
with TD after 40 weeks of TRT.31

According to these studies, TRT is necessary in 
hypogonadal patients with metabolic abnormali-
ties because it improves several endocrine path-
ways and body composition.13,20,29,30

Given the availability of different types of TRT, 
and the need of multidisciplinary approach for 
the treatment of metabolic abnormalities, addi-
tional clinical trials are needed to clarify the 
potential role of TRT in metabolic disorders.

Effects of testosterone replacement therapy 
on the cardiovascular system
The effects of TRT on the cardiovascular system 
are still reason for debate in scientific literature. 
Among eugonadal men, a lower incidence of major 
adverse cardiovascular events (MACEs) has been 
recorded in patients with T levels in the higher 
quartile.32 In patients with low T levels, several 

studies have highlighted a higher prevalence of car-
diovascular events.33,34 In 2011, two meta-analyses 
were performed: the first included 70 studies with 
over 12,500 patients and showed that patients with 
CVD have significantly lower T and higher E2 lev-
els than patients without CVD. This finding was 
confirmed by a logistic regression, after adjustment 
for age and BMI.12 The second meta-analysis, 
including 12 studies and about 11,000 men, con-
cluded that low endogenous T levels are associated 
with increased risk of all-cause and CVD death.5 
However, it is still not clear whether low T levels 
are merely a consequence of the underlying dis-
eases or hypogonadism itself promotes the athero-
sclerotic progression.

The basis of most cardiovascular diseases is 
endothelial dysfunction. It has been shown that 
ARs are present in both endothelial cells (ECs) 
and endothelial progenitor cells (EPCs). 
Androgens stimulate EC proliferation and viabil-
ity enhancing vascular endothelial growth factor 
(VEGF) synthesis and subsequent cyclin expres-
sion. Furthermore, T stimulates the synthesis of 
nitric oxide (NO) that is able to potentiate EC 
proliferation and to decrease EC apoptosis by 
suppressing the expression of caspases and 
decreasing p38/MAPK activity. EPCs are bone-
marrow-derived cells involved in the repair of 
injured endothelium, vessel remodeling, and 

Figure 1. Relationships between hypogonadism, visceral fat and insulin resistance: the vicious cycle.
FFA, free fatty acid.
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vasculogenesis. The binding of androgens with 
AR activates the PI3K/Akt signaling pathway that 
leads to EPC proliferation. Indeed, patients with 
central hypogonadism have reduced EPC num-
ber that increase following TRT.35 On the other 
hand, TRT has also been shown to increase the 
levels of endothelin-1, intracellular adhesion mol-
ecule type 1 (ICAM-1), and vascular adhesion 
molecule (VCAM), thus enhancing vasoconstric-
tion and thrombosis.35,36

Some evidence indicate that TRT could indirectly 
improve cardiovascular health in some categories 
of patients acting on cardiovascular risk factors. 
For example, in obese hypogonadal patients with 
T2DM, it has been demonstrated that TRT 
reduces HOMA index and glycated hemoglobin 
and improves flow-mediated dilatation.37 
Accordingly, other authors provide evidence on 
the benefits of TRT on flow mediated dilation 
(FMD) in a cohort of nondiabetic nondyslipi-
demic male patients.38 In newly diagnosed T2DM 
patients with functional hypogonadism, TRT also 
lower BMI, waist circumference, adipohormones 
such as leptin and resistin, and markers of 
endothelial dysfunction and inflammation such as 
ICAM-1, p-selectin, and C-reactive protein.36

Conversely, other categories of patients may be 
more susceptible to adverse effects of TRT. 
Erythrocytosis, the most frequent adverse event 
associated with TRT, is a risk factor for neuro-
occlusive or cardiovascular events.39 However, 
the hematocrit value above which the risk 
increases significantly is unknown. The increase 
in hemoglobin and hematocrit depends on T 
doses and circulating concentrations and is more 
likely in older than in young men.2 Furthermore, 
TRT increases salt and water retention that could 
contribute to worsen cardiovascular function.40

The Testosterone in Older Men with Mobility 
Limitations (TOM) trial was a placebo-controlled, 
randomized study design aimed at assessing the 
impact of TRT on muscle strength in aging males 
with TD and limited physical function. The trial 
was interrupted early due to the increased preva-
lence of adverse cardiovascular events in the TRT 
group.40 Since then, a debate has arisen on the 
cardiovascular safety of TRT. However, data 
obtained in TOM trial were not generalizable 
because the T doses administered were higher 
than those used in clinical practice. Furthermore, 
the population study was composed by frail elderly 

men with limited mobility and an increase in the 
prevalence of chronic diseases (e.g. previous heart 
diseases, obesity, diabetes, hypertension), and so 
more predisposed to cardiovascular events than 
general population.40,41

The Testosterone Trials were a group of seven 
placebo-controlled trials designed to evaluate the 
effects of TRT on men ⩾65 years of age with low 
T levels. Among them, the Cardiovascular Trial 
showed an increase in noncalcified coronary 
artery plaque volume by computed tomographic 
angiography in participants who received T. 
However, the prevalence of MACEs and the lev-
els of markers of inflammation, fibrinolysis, or 
myocardial damage (D-dimer, C-reactive pro-
tein, IL-6, and troponin) did not differ among 
groups.42,43 It has been hypothesized that the 
observed increase in plaque volume may repre-
sent the initial phase of a healing response induced 
by T leading to a more stable plaque. Indeed, in 
other studies a reduction in carotid intimal media 
thickness has been reported.44 In animal models, 
T deficiency promoted the formation of lipid 
streak, the first stage of atherosclerotic plaque, 
while TRT protected against it.44

To date, there is no conclusive evidence that 
TRT is associated with MACEs. It has been 
hypothesized that the etiology and the duration of 
the hypogonadism, patient age, and any comor-
bidities may have a greater influence on cardio-
vascular risk than TRT itself. In young patients 
with primary or secondary hypogonadism TRT is 
always indicated and safe for the cardiovascular 
system. Conversely, in late-onset hypogonadism 
associated with chronic illness the risk–benefit 
balance must be evaluated. In this category of 
patients, that usually have a greater cardiovascu-
lar risk per se, low T levels may represent an index 
of poorer healthy status. Their normalization with 
exogenous T administration not always improves 
cardiovascular health and, conversely, may expose 
patients to the adverse effects of TRT (e.g. 
increased hematocrit).45

In 2017, a meta-analysis including 39 randomized 
controlled trials (RCTs) and 10 observational 
studies with a total of about 5500 patients did not 
find any significant association between TRT and 
myocardial infarction, stroke, or mortality, even if 
the quality of the evidence was low.46 More 
recently, a retrospective study on a cohort of 
almost 3500 middle-aged men who underwent 
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TRT, matched for age and comorbidities with 
men who did not undergo TRT, revealed that 
TRT improves cardiovascular event-free survival, 
mainly lowering the incidence of coronary artery 
disease.47 These findings agree with other recent 
population studies reporting a reduced preva-
lence of MACE in hypogonadal patients receiving 
TRT,48 and especially in those who obtain the 
normalization of T levels during replacement.49

The impact of TRT on blood pressure, ischemic 
heart disease and stroke is following discussed.

Blood pressure
According to the most recent guidelines of the 
American College of Cardiology/American Heart 
Association, hypertension is defined as an average 
systolic blood pressure ⩾130 mmHg and/or an 
average diastolic blood pressure ⩾80 mmHg. In 
90% of cases hypertension is essential, while in 
approximately 10% of cases a secondary cause of 
hypertension can be identified.50

Androgens are involved in the regulation of vascu-
lar tone. Indeed, they are able to induce vasodilata-
tion through several mechanisms. Through a 
genomic effect, T and dihydrotestosterone (DHT) 
binding with AR activates in ECs the PI3K/Akt 
and ERK1/2 pathways that enhance endothelial 
NO synthase (eNOS) expression and induce NO 
release in a dose-dependent manner. NO, in turn, 
acts on vascular smooth muscle cells were activates 
guanylate cyclase. The subsequent increase in 
cyclic GMP (cGMP) concentrations induces a 
decrease in Ca2+ influx leading to muscular relaxa-
tion and vasodilatation.35 Furthermore, the activa-
tion of AR induces the enzyme cystathionine-γ 
lyase, which catalyzes the production of H2S, a gas 
with vasodilator effects, from amino acid l-cysteine. 
Another genomic mechanism through which T 
seems to induce vasodilatation may be the induc-
tion of cyclooxygenase-2 (COX-2), which increases 
prostacyclin production. On the other hand, the 
activation of COX-2 may also produce compounds 
with vasoconstrictor activity such as thromboxane 
A2 and 20-hydroxyeicosatetraenoic acid, thus par-
tially denying the benefits of TRT on vascular 
health. Some effect on endothelin-1 has been also 
described: it has been demonstrated that hypogo-
nadal men have increased concentrations of 
endothelin-1, a potent vasoconstrictor, which 
decrease following TRT.35 In addition, T and its 
metabolites exert a rapid vasodilator action through 

nongenomic mechanisms: they are able to block 
the L-type voltage-operated Ca2+ channel and to 
open the potassium channels, leading to hyperpo-
larization and relaxation.51

In animal studies, chronic T treatment in nonhy-
pogonadal spontaneously hypertensive rats 
caused an increase in mean blood pressure in 
young animals, probably due to the activation of 
renin–angiotensin system, but not in aging male 
rats, whose blood pressure decreased.52 
Conversely, in orchidectomized normotensive 
rats, T deprivation induced an increase in blood 
pressure, prevented by TRT.51

Regarding evidence on humans, it has been 
shown that arterial stiffness is higher in hypogo-
nadal patients and it improves after TRT.53 In 
parallel, in aging men, T levels showed a signifi-
cant negative correlation with systolic pressure.54 
Despite this evidence, some clinical trials reported 
an increase in blood pressure in patients following 
TRT. This effect may probably be related to the 
increase in tubular sodium and water reabsorp-
tion and the activation of renin–angiotensin sys-
tem due to the achievement of supraphysiological 
androgen levels during injective TRT.55

Ischemic heart disease
Ischemic heart disease indicates a condition in 
which heart muscle is not supplied with a sufficient 
amount of blood and/or oxygen. Ischemia can 
occur in the presence of an increase in myocardial 
oxygen demand and/or a reduction in coronary 
flow. The most frequent cause is atherosclerosis, 
characterized by the presence of plaques with high 
cholesterol content (atheromas) in the coronary 
arteries, which can obstruct or reduce blood flow. 
When the shrinkage becomes important, it alters 
the normal circulation and promotes the formation 
of blood clots that can detach from the arterioscle-
rotic plaque and obstruct smaller-sized vessels. 
Furthermore, in turn, thrombus itself stimulates 
the synthesis of thromboxane, a powerful vasocon-
strictor, able to determine a vessel spasm and 
aggravate the obstruction. Ischemic heart disease 
includes different clinical manifestations such as 
stable and unstable angina pectoris and myocardial 
infarction.56

T has anti-thrombotic properties. Indeed, it 
increases the expression of tissue plasminogen acti-
vator (t-PA) and tissue factor pathway inhibitor 
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and decreases the expression of plasminogen acti-
vator inhibitor type 1 (PAI-I) and factor VII.35 
Instead, the effects on the endothelial expression of 
adhesion molecules are controversial. The adhe-
sion of monocytes to ECs induces vascular inflam-
mation that represents an initial stage of 
atherogenesis. Some studies showed a direct cor-
relation between testosterone and the expression 
of vascular cell adhesion molecule-1 (VCAM-1) 
and endothelial selectin. Conversely, other studies 
demonstrated a reduction in inflammatory mole-
cules and markers of endothelial dysfunction 
including ICAM-1, VCAM-1, PCR, p-selectin, 
and resistin in ECs exposed to testosterone and in 
hypogonadal patients who underwent TRT.5,37 
Furthermore, T stimulates the production of 
IL-10, a cytokine with anti-inflammatory and 
anti-atherogenic effects.44

An observational study showed no association 
between endogenous T and DHT levels and inci-
dent myocardial infarction in older men.57 
Similarly, in hypogonadal patients receiving TRT 
many studies did not find an increased risk of 
myocardial infarction.58,59 Recently, this finding 
was confirmed by a large retrospective cohort 
study that compared myocardial infarction rates 
between over 200,000 T-treated men and as 
many matched untreated hypogonadal patients. 
The calculated odds ratio did not significantly 
differ between the two groups, even if it tended to 
be lower in treated patients.60 In other studies, 
myocardial risk resulted slightly reduced in hypo-
gonadal patients who achieved normal T levels 
during TRT.61

Regarding men already diagnosed with ischemic 
heart disease, several RCTs have shown that T 
has beneficial effects on myocardial ischemia. 
Indeed, T reduces ST depression and angina 
symptoms, prolongs time to ST depression dur-
ing exercise-induced cardiac ischemia, and 
reduces the frequency of angina episodes. These 
effects are probably due mainly to ability of T to 
enhance coronary blood flow with a rapid non-
genomic action and a slower genomic mecha-
nism.44 Conversely, in animal models results are 
contrasting: some studies reported a reduced 
myocardial contractility in hypogonadal rats 
treated with T after myocardial infarction;62 other 
studies found a decreased myocardial angiogene-
sis and consequent reduced capillary density, 
worsened cardiac function, increased infarct size 
and cardiomyocyte apoptosis in castrated rats 

with myocardial infarction, but these effects were 
reversed by TRT.63

A summary of the available evidence mainly com-
ing from prospective randomized placebo-con-
trolled trials administering TRT to hypogonadal 
patients with coronary heart disease and heart 
insufficiency is provided in Table 1. Overall, these 
data suggest the benefits of TRT and the lack of 
side effects when TRT is not overdosed, even in 
case of demonstrated coronary artery obstruction.

Brain stroke
Brain stroke consists of a loss of brain function, 
caused by insufficient blood supply to the organ 
or to one or more of its areas. Stroke can be hem-
orrhagic or ischemic. In the latter case it may be 
caused by a thrombus or an embolus. Transient 
ischemic attack means a cerebral ischemia whose 
symptoms resolve within 24 h.

Among eugonadal men, those with T in the high-
est interquartile range show lower incidence of 
stroke. It has been estimated that men with T lev-
els at or below the 10th percentile have a 40% 
increased risk of ischemic stroke compared with 
men with T concentrations at 11–90th percen-
tiles.76 A relation between ischemic stroke and 
DHT has also been found. In men without prior 
stroke or heart disease, calculated free DHT was 
inversely correlated with incident ischemic stroke 
risk, while total DHT showed a nonlinear relation 
with the lowest risk at levels of 50–75 ng/dl and 
greater risk at total DHT levels above or below 
this range.77 Conversely, other studies found a 
linear inverse association also between total DHT 
levels and stroke, with a calculated risk approxi-
mately half for men with DHT in the highest 
compared with the lowest quartile of values.57

In aging patients with low T levels not related to 
testicular or hypothalamic–pituitary diseases, the 
effects of TRT on stroke risk are unclear. A popu-
lation study on about 4700 patients with low 
baseline T levels revealed a trend to a higher 
stroke rate in patients who achieved high T levels 
during TRT, while TRT, administered at dose 
adjusted to keep serum T levels in the normal 
range, was correlated with reduced MACEs and 
risk of death among a 3-year-long observation.49 
In a population study on a cohort of about 15,400 
UK men aged 45 years or older with low T levels, 
patient who underwent TRT showed a 21% 
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higher risk of the composite outcome ischemic 
stroke/transient ischemic attack/myocardial 
infarction. While an increased risk was observed 
up to the first 2 years of treatment and in 45–
59 year aged men, the authors found a signifi-
cantly lower risk of all-cause mortality in patients 
in TRT.78 In 2017 a systematic review examined 
the studies where the risk of stroke was assessed 
as a noncomposite endpoint. It included 15 pub-
lications, of which seven were observational stud-
ies and eight were RCTs. Two observational 
studies reported a marked reduction in the risk of 
stroke in patients who underwent TRT and espe-
cially in men who achieved normal T levels. A 
study reported an increased risk of the composite 
outcome stroke/myocardial infarction/death 
among T-treated patients. In the other studies the 
risk of stroke did not differ between treated and 
untreated patients. Among RCTs the frequency 
of stroke was too low to draw conclusions about 
the association between TRT and stroke, so the 
risk remains unclear.79

Effects of the treatment in patients with 
prostatic diseases
Testicular androgens play an important role in 
embryogenesis for the formation of the prostate. 
In prepubertal phase, T (by conversion into 
DHT) is believed to induce prostate cell prolifer-
ation, leading to an increase in prostate volume. 
In old age, a further growth of the prostate is seen, 
despite the low T levels. Specifically, an increase 
in prostate cell proliferation compared with cell 
death is often observed in this phase. The imbal-
ance of such mechanisms can lead to benign pro-
static hyperplasia (BPH) or prostate cancer (PCa) 
in men. The reasons for such imbalance are yet 
not well understood, however T is not the only 
factor associated with abnormal prostate growth.80

Given that, some prostatic disorders represent 
absolute contraindications to TRT in patients with 
hypogonadism, such as untreated prostate cancer 
or severe obstructive prostate hyperplasia, accord-
ing to the current guidelines.81 Following, the 
impact of TRT on BPH and PCa is discussed.

Prostatic hyperplasia
BPH is defined as an increase in prostate volume. 
Glandular hyperplasia often leads to the manifes-
tation of lower urinary tract symptoms (LUTSs), 
characterized by symptoms of the filling phase and 

symptoms of the emptying phase. Symptoms of 
the filling phase (which may also be associated 
with inflammatory bladder processes, bladder or 
prostatic carcinoma) include urinary frequency 
(diurnal and/or nocturnal), urinary urgency and 
urge incontinence. Among the symptoms of the 
emptying phase we recall the hypo-valid urination, 
interrupted urination. The lengthening of the void-
ing time and the post-voiding dripping are instead 
included among the post-voiding symptoms. With 
the progression of prostatic hyperplasia and of the 
symptomatology, detrusor hypertrophy first occurs 
and subsequently, as the degree of obstruction 
progresses, fibrosis is added, which is the infiltra-
tion by the connective tissue associated with the 
deposition of adipose tissue and reduction of sym-
pathetic innervation. All of these events lead to 
obstructive detrusor instability.

There has been a concern raised that TRT could 
theoretically worsen LUTSs by increasing pros-
tate size. This concern resulted in the US Food 
and Drug Administration declaration stating that 
TRT in men with BPH puts patients “at an 
increased risk for worsening signs and symptoms 
of BPH”.82–85 However, despite low T levels, the 
prevalence of BPH increase with aging,84 thus 
suggesting that T is not involved in prostate 
growth in this phase. A number of studies suggest 
that prostatic receptors for androgens are totally 
saturated at levels close to castration (50 ng/dl), 
although the prostate has numerous ARs.82 In 
particular, the AR becomes saturated in human 
prostate tissue at about 8 nmol/l in vivo. Beyond 
this saturation point (8 nmol/l) T does not appear 
to further increase prostate volume. This provides 
explanation for the increase in PSA in men with T 
below the saturation point when TRT is started, 
while PSA unlikely increases when serum T is 
higher than this level. This is commonly called 
“saturation theory”. In line with this theory, 
although the high T levels reached in young men, 
they do not develop LUTSs or BPH compared 
with the norm, contrary to what happens in the 
elderly with minimal T values.82

NO is a powerful regulator of the innervation of 
the smooth muscle of the prostate. It is believed 
that NO synthase (NOS) is altered in patients 
with BPH and therefore it can be assumed that 
lower levels of NO lead to more severe LUTSs, 
due to a greater smooth muscle tone at the level 
of the bladder neck, and to its increased prolifera-
tion at the prostate level, which leads to a 
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worsened urinary flow. T modulates cGMP levels 
by stimulating high levels of NOS and inhibiting 
cGMP degradation by phosphodiesterase type 5 
(PDE5).82 The increased NO availability pro-
vided by normal serum T levels may positively 
impact on LUTSs in patients with BPH.

A meta-analysis conducted on 19 randomized tri-
als comparing placebo versus T therapy, which 
overall included 651 patients over 45 years, with 
low to normal serum T levels, found no statisti-
cally significant differences in PCa, PSA growth 
levels above 4.0 ng/ml or in urinary symptom 
scores among those who have received T therapy 
and those who received placebo.83

Recently, a systematic review has summarized the 
data from patients with mild LUTSs randomized 
to TRT or no treatment in 14 studies (n = 2029). 
No significant difference in International Prostate 
Symptom Score (IPSS) was observed from base-
line on a mean follow-up of 34.4 months. In addi-
tion, observational studies have found that TRT 
can reduce IPSS (IPSS used for the calibration of 
urinary symptoms and LUTSs). No significant 
data are available on TRT in men with severe 
LUTSs (IPSS > 19).86

In numerous multicenter studies provided data 
on the impact of a 1% transdermal TRT on QoL 
in patients suffering from T deficiency and 
chronic prostatitis. There were positive changes 
regarding body weight, waist circumference, pel-
vic pain, and a reduction in LUTSs, albeit in a 
median follow-up period of about 6 months. 
These data demonstrate how TRT not only does 
not have a clear correlation with the severity of 
the LUTS, but also can have positive effects on 
the patient suffering from hypogonadism and 
chronic prostatitis in the face of a good handling 
and safety of the treatment.87 Furthermore, a pro-
spective, open-label trial of 25 men assessed the 
influence of TRT on urodynamic parameters, 
reporting a reduction of detrusor pressure at max-
imum flow after treatment and no relationship 
between TRT and average flow rate or post-void 
residual urine.84

In conclusion, several systematic reviews of the 
literature revealed no definite evidence that TRT 
worsens the symptoms of LUTS or increases the 
volume of prostate in men with hypogonadism. 
Hence, further prospective tests are needed to 
definitively draw up guidelines that can safely and 

effectively recommend TRT in men with hypog-
onadism and BPH/LUTSs.

Prostate cancer
Since the 1940s, when Huggins demonstrated 
how castration and thus the drastic lowering of T 
values or estrogen therapy caused the regression 
of PCa, we became aware that high levels of T 
caused an increase in growth of PCa. This is why 
TRT is avoided for many years for those who had 
had a “history” of PCa or who had undergone 
primary treatment.88

In literature there are scientific articles describing 
the use of T in men treated surgically for organ-
confined prostate cancer. In a 2004 retrospective 
review, seven cases of hypogonadal men undergo-
ing radical prostatectomy were included, all 
showing symptomatic TD. Each man under 
examination had received a TRT. After variable 
follow-up periods, no biochemical or clinical evi-
dence of cancer recurrence was reported.89

Again, in a study by Rhoden and Morgentaler, 
only 1 in 20 patients with hypogonadism and a 
history of high-grade prostate intraepithelial car-
cinoma found at prostatic biopsy had PCa after 
1 year of TRT.90

Unfortunately, today the data regarding the asso-
ciation between TRT and PCa are sometimes few 
and immature. In vitro studies have shown that at 
low physiologic T levels (<2.4 ng/ml), prostate 
cancer cell proliferation is androgen dependent.80 
These findings may provide explanation for PCa 
recurrence after androgen-deprivation therapy 
(ADT). Indeed, following treatment suspension, 
low androgen levels hinder tumor cell growth, but 
serum T levels increase from castration to low 
after 12–33 months. After a prolonged period of 
exposure to deprivation therapy, many men 
develop a form of castration-resistant prostate 
cancer (CRCP), probably related to wild-type 
ARs and independent ligand variants, AR gene 
amplification and AR mutations. However, 
CRCP cell lines may be inhibited by maintaining 
super physiological levels of T led to the stabiliza-
tion of ligand-bound AR in the nucleus, thus 
facilitating apoptosis.

No association has been reported in an analysis of 
18 prospective studies, collectively comparing 
3886 PCa patients with 6438 age-matched 
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control cases. In addition, no difference in the 
relative risk of PCa was found in patients with 
higher T levels and in those with low values. More 
recently, REDUCE trial, aimed at assessing the 
role of dutasteride in PCa prevention by the anal-
ysis of data coming from 3255 men who under-
went prostate biopsy at 2 and 4 years, revealed the 
absence of association between T, DHT and PCa 
risk. Also, the latter did not differ among patients 
with higher T levels and those with lower ones.91

The guidelines of the European Urology Association 
(EAU), the British Society for Sexual Medicine, 
the International Society of Sexual Medicine, the 
Endocrine Society and the International Study of 
Male Aging support that there is no association 
between TRT and PCa risk.83

A nested case–control study drew data from 
nationwide, population-based Swedish registries. 
To this end, the risk classification of the PCa has 
been simplified in two categories: favorable risk 
(low- and intermediate-risk PCa) and aggressive 
(high-risk, locally advanced, regional, and distant 
metastatic PCa), tracing the classification present 
in the EAU Guidelines.92 From the results it was 
deduced that the patients who had received TRT 
(mostly gel type) did not register an increased rate 
of overall PCa risk but rather a lower risk of 
aggressive PCa.93

The increasing number of patients now surviving 
PCa after primary treatment and who had hypog-
onadism has stimulated a change in attitude 
towards this topic, with a growing number of doc-
tors now recommending TRT to men who appear 
to have no recurrence of cancer. Recent scientific 
publications indicate that there appear to be 
relapses of PSA with TRT, only in a small num-
ber of patients with undetectable PSA levels fol-
lowing radical prostatectomy, even if this number 
of patients is comparable with the rates of PCa 
detection reported in screening programs.88

Among patients suffering from hypogonadism, 
and who have undergone radical prostatectomy, 
there is still fear of TRT as it may stimulate the 
recovery of the disease. In several retrospective 
reviews of patients with TD undergone to TRT 
following prostatectomy, no evidence of local 
recurrence or widespread neoplastic disease was 
found within quite long follow-up times (1–
12 years). Furthermore, patients undergoing radi-
cal prostatectomy and treated with transdermal or 

intramuscular TRT found no detectable PSA 
(>0.01 ng/ml), after a median follow-up of 
19 months. In these cases, the total mean serum T 
levels raised from 197 to 591 ng/dl, with improve-
ments also in QoL scores. In a more recent study, 
103 hypogonadal men undergoing RP and trans-
dermal TRT were compared with 49 eugonadal 
men who were also undergoing RP and were 
divided into low, intermediate, and high-risk PCa. 
A significant increase of T in the TRT group was 
reported after 27.5 months. Despite a small 
increase in PSA in men treated with TRT, the cal-
culated velocity PSAs did not support the thesis of 
prostatic tumor growth, recalling that the increase 
in PSA was found in all patients in both the high-
risk and the nonhigh-group risk. It should be 
noted that, while no evidence of PCa recurrence 
was reported in low- or intermediate-risk sub-
groups, it was detected in eight patients from the 
high-risk subgroup. These results don’t support a 
protective role of TRT towards patients with a 
history of PCa, but encourage broaden research in 
this way.91,94

It is also important to understand whether TRT 
can be administered to patients undergoing radia-
tion therapy for PCa, and indeed results similar to 
those proposed above have been found. One of 
these prospective studies analyzed five patients 
with PCa undergone to external-beam radiother-
apy, which presented with TD, finding a sympto-
matic response to TRT in the treated patients, 
such as a reduction in hot flushes, fatigue, and an 
improvement of libido, and erectile function. One 
patient showed a temporally increase of PSA lev-
els but nobody had cancer recurrence.95

These data are encouraging, but in addition to these 
positive findings, it must be borne in mind that, 
after the treatment, there have been cases of 
increased PSA and biochemical recurrence (a recur-
rence of the disease reported up to several months 
earlier by a PSA relapse, after primary treatment), 
albeit at low rates. The lack of long-term scientific 
research that focuses on the safety of the treatment 
of patients makes it difficult to draw firm conclu-
sions. However, it is possible to suggest TRT in 
those patients whose poor QoL due to untreated 
hypogonadism would expose them to worse seque-
lae, and in any case with close monitoring.91

Finally, the EAU Guidelines state locally advanced 
or metastatic PCa as a main contraindication to 
TRT. Additional contraindications to treatment 
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refer to the lack of evaluation of suspected prostatic 
nodules on urological examination, PSA level above 
4 ng/ml (or >3 ng/ml in high-risk men for PCa, such 
as African Americans and those with relatives of first 
degree that have PCa).89 The American Urological 
Association (AUA) and EAU Guidelines recognize 
the lack of long-term follow-up data as an important 
limitation of the available studies. However, no 
increase in PCa relapse was observed, and this is 
why TRT is supported. The EAU Guidelines rec-
ommend that TRT be “treated with monitoring 
and caution” at least 1 year after low-risk PCa treat-
ment without signs of relapse; TRT is contraindi-
cated in men with locally advanced or metastatic 
carcinoma. No strong recommendations are given 
for patients with previous or current cancer.86,94

To conclude, some recent evidence encourages 
the use of TRT in patients with a history of PCa, 
concluding that it is safe in those with low risk of 
progression and relapse of PCa. The available 
data on patients with high-risk disease are scarce, 
even if the available evidence shows a similar risk 
of disease relapse among those who take TRT 
and those who do not, suggesting, in some stud-
ies, a potential protective response due to treat-
ment. Therefore, taking into account the current 
knowledge, TRT may be considered for those 
patients with a history of PCa at nonhigh risk, in 
which the benefits of the treatment of hypog-
onadism are superior to the risks, even if these 
patients will have to be constantly monitored.

Effect of testosterone on SARS-CoV2 
infection: possible implications for the 
management of COVID-19
The severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV2) is the pathogen involved in 
the etiology of the novel coronavirus disease 
(COVID-19), a pandemic SARS recently affect-
ing more than 5 millions of people and causing 
>35,000 deaths in over 100 countries (www.
worldometers.info/coronavirus).

Epidemiological data provided evidence for the 
sex influence in SARS-CoV2 infection. An Italian 
report on 1591 patients with biochemically con-
firmed COVID-19, reported a significantly higher 
prevalence of men among infected people, repre-
senting 82% of the entire cohort.96 Another study 
carried out among Chinese patients failed to con-
firm the higher frequency of infection in men, but 
stated a significant 2.4-fold higher mortality in 

men compared with women. Also, men showed 
more serious complications than women.97,98 
Similar data have been confirmed elsewhere.98,99 
Finally, a scoping review on 59,254 individuals 
from 11 countries confirmed a higher mortality 
rate in the male than the female sex.100

From a molecular point of view, androgens are able 
to impact on the virus infection in peripheral tis-
sues, as T could influence the expression of SARS-
CoV2 molecular targets. SARS-CoV2 is an RNA 
virus, whose genetic material is surrounded by the 
envelope, a membrane showing several protein 
antigens in the surface, such as the so-called “spike” 
protein. The latter is the ligand of angiotensin con-
verting enzyme 2 (ACE2), which is the human 
receptor used by SARS-CoV2 to enter into the host 
cells.9 ACE2 expression is androgen dependent, as 
shown by animal models. Particularly, the expres-
sion of ACE2 is higher in the myocardium of male 
than female mice and, opposite to what happens in 
ovariectomy, orchiectomy is able to decrease ACE2 
expression in the myocardium.101 Hence, circulating 
T could be able to enhance ACE2 expression, thus 
prompting to SARS-CoV2 infection (Figure 2). In 
addition, the TMPRSS2, a protein triggering the 
fusion of the viral and the host cell membranes, 
which facilitates viral infection, displays an andro-
gen-modulated expression.102

This evidence could explain the higher severity 
and mortality in men than women and may 
prompt to consider novel therapeutic strategies in 
COVID-19 patients. A recent population-based 
retrospective study was performed on 4532 bio-
chemically confirmed COVID-19 male cases 
from Veneto. Considering the population with 
PCa, the authors reported a four-fold lower risk 
of infection in PCa patients on ADT compared 
with those not on ADT,103 which suggests that 
the evidence from the mice model may likely be 
applied to humans.

The capability of SARS-CoV2 to infect testicular 
cells is a debated issue. Intriguingly, ACE2 is 
expressed in Leydig cells, although no overlap-
ping expression with the TMPRSS2 has been 
found in human testicular tissue.104 This suggests 
that the infection of SARS-CoV2 in testicular 
cells unlikely occur.102 However, the virus has 
been detected in the semen of COVID-19 
patients,105 reopening the discussion of a possible 
urogenital infection of SARS-CoV2. A prelimi-
nary and yet unpublished report showed an 
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abnormal LH/T ratio in COVID-19 patients, 
suggesting that SARS-CoV2 may impair testicu-
lar steroidogenesis.106 Although the reliability of 
this finding is unknown, the detection of SARS-
CoV2 in the seminal fluid implicates that the 
virus is able to reach the testis. Its impact on ster-
oidogenesis and Leydig cell function may deserve 
to be prospectively assessed.

In conclusion, based on these considerations, 
TRT may be temporally discontinued in COVID-
19 patients with hypogonadism. ADT might be 
considered in severe cases with no hypogonadism 
to oppose to the influence of androgens on SARS-
CoV2 infection. However, the quality of the exist-
ing evidence is low as only observational studies 
but not randomized controlled studies are availa-
ble. Finally, testicular function may deserve mon-
itoring after the acute phase in post-COVID-19 
patients.

Author contribution(s)
Rossella Cannarella: Conceptualization; Data 
curation; Supervision; Writing-original draft.

Aldo Eugenio Calogero: Investigation; 
Methodology; Project administration; Writing-
review & editing.

Rosita Angela Condorelli: Conceptualization; 
Formal analysis; Validation; Writing-original 
draft.

Antonio Aversa: Investigation; Methodology; 
Supervision; Writing-review & editing.

Sandro La Vignera: Conceptualization; Project 
administration; Validation; Writing-review & 
editing.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

Figure 2. Androgen-related mechanisms of SARS-CoV2 infection. Serum T levels can influence the expression 
of ACE2 in the myocardium, thus increasing the susceptibility to infect the host cells. SARS-CoV2 can impact 
on testicular steroidogenesis. Low T levels increases the risk of cardiovascular risk in the long-term. 
Hypovitaminosis D, which can result from Leydig cell dysfunction, is able to worsen SARS.
ACE2, angiotensin converting enzyme 2; SARS, severe acute respiratory syndrome; T, testosterone.

https://journals.sagepub.com/home/tae


Therapeutic Advances in Endocrinology and Metabolism 11

14 journals.sagepub.com/home/tae

Ethics statement
This article does not contain any studies with 
human participants performed by any of the authors.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

ORCID iDs
Rossella Cannarella  https://orcid.org/0000- 
0003-4599-8487

Sandro La Vignera  https://orcid.org/0000- 
0002-7113-2372

References
 1. Grinspon RP, Freire AV and Rey RA. 

Hypogonadism in pediatric health: adult 
medicine concepts fail. Trends Endocrinol Metab 
2019; 30: 879–890.

 2. Bhasin S, Brito JP, Cunningham GR, 
et al. Testosterone therapy in men with 
hypogonadism: an Endocrine Society clinical 
practice guideline. J Clin Endocrinol Metab 2018; 
103: 1715–1744.

 3. Zarotsky V, Huang MY, Carman W, et al. Systematic 
literature review of the risk factors, comorbidities, 
and consequences of hypogonadism in men. 
Andrology 2014; 2: 819–834.

 4. Dimopoulou C, Goulis DG, Corona G, et al. 
The complex association between metabolic 
syndrome and male hypogonadism. Metabolism 
2018; 86: 61–68.

 5. Araujo A, Dixon J, Suarez E, et al. Clinical review: 
endogenous testosterone and mortality in men: 
a systematic review and meta-analysis. J Clin 
Endocrinol Metab 2011; 96: 3007–3019.

 6. Traish AM, Haider A, Haider KS, et al. 
Long-term testosterone therapy improves 
cardiometabolic function and reduces 
risk of cardiovascular disease in men with 
hypogonadism: a real-life observational registry 
study setting comparing treated and untreated 
(Control) groups. J Cardiovasc Pharmacol Ther 
2017; 22: 414–433.

 7. Grossmann M. Testosterone and glucose 
metabolism in men: current concepts and 
controversies. J Endocrinol 2014; 220: R37–R45.

 8. Kelly DM and Jones TH. Testosterone: a 
metabolic hormone in health and disease.  
J Endocrinol 2013; 217: R25–R45.

 9. La Vignera S, Cannarella R, Condorelli RA, 
et al. Sex-specific SARS-CoV-2 mortality: 
among hormone-modulated ACE2 expression, 
risk of venous thromboembolism and 
hypovitaminosis D. Int J Mol Sci 2020; 21: 
2948.

 10. Cannarella R, La Vignera S, Condorelli RA, 
et al. Glycolipid and hormonal profiles in young 
men with early-onset androgenetic alopecia: a 
meta-analysis. Sci Rep 2017; 7: 7801.

 11. Cannarella R, Condorelli RA, Mongioì LM, 
et al. Does a male polycystic ovarian syndrome 
equivalent exist? J Endocrinol Invest 2018; 41: 
49–57.

 12. Corona G, Rastrelli G, Monami M, et al. 
Hypogonadism as a risk factor for cardiovascular 
mortality in men: a meta-analytic study. Eur J 
Endocrinol 2011; 165: 687–701.

 13. Fui MNT, Dupuis P and Grossmann M. 
Lowered testosterone in male obesity: 
mechanisms, morbidity and management. Asian 
J Androl 2014; 16: 223–231.

 14. Yi X, Gao H, Chen D, et al. Effects of 
obesity and exercise on testicular leptin signal 
transduction and testosterone biosynthesis 
in male mice. Am J Physiol Regul Integr Comp 
Physiol 2017; 312: R501–R510.

 15. Kelley DE, Mokan M, Simoneau JA, et al. 
Interaction between glucose and free fatty acid 
metabolism in human skeletal muscle. J Clin 
Invest 1993; 92: 91–98.

 16. Navarro G and Mauvais-Jarvis F. (ed.). The role 
of the androgen receptor in beta-cell function in 
male mice. In: Diabetes 2013. Alexandria, VA: 
American Diabetes Association, 2013.

 17. Palomar-Morales M, Morimoto S, Mendoza-
Rodríguez CA, et al. The protective effect of 
testosterone on streptozotocin-induced apoptosis 
in β cells is sex specific. Pancreas 2010; 39: 
193–200.

 18. Harada N, Katsuki T, Takahashi Y, et al. 
Androgen receptor silences thioredoxin-
interacting protein and competitively inhibits 
glucocorticoid receptor-mediated apoptosis in 
pancreatic β-cells. J Cell Biochem 2015; 116: 
998–1006.

 19. Kovacheva EL, Hikim AP, Shen R, et al. 
Testosterone supplementation reverses sarcopenia 
in aging through regulation of myostatin, c-Jun 
NH2-terminal kinase, Notch, and Akt signaling 
pathways. Endocrinology 2010; 151: 628–638.

 20. Dhindsa S, Ghanim H, Batra M, et al. Insulin 
resistance and inflammation in hypogonadotropic 

https://journals.sagepub.com/home/tae
https://orcid.org/0000-0003-4599-8487
https://orcid.org/0000-0003-4599-8487
https://orcid.org/0000-0002-7113-2372
https://orcid.org/0000-0002-7113-2372


R Cannarella, AE Calogero et al.

journals.sagepub.com/home/tae 15

hypogonadism and their reduction after 
testosterone replacement in men with type 2 
diabetes. Diabetes Care 2016; 39: 82–91.

 21. Dinh KT, Amory JK, Matsumoto AM, et al. 
Longitudinal changes in plasma sex hormone 
concentrations correlate with changes in 
CT-measured regional adiposity among Japanese 
American men over 10 years. Clin Endocrinol 
(Oxf). Epub ahead of print 7 July 2020. DOI: 
10.1111/cen.14278.

 22. Mårin P, Oden B and Björntorp P. Assimilation 
and mobilization of triglycerides in subcutaneous 
abdominal and femoral adipose tissue in vivo 
in men: effects of androgens. J Clin Endocrinol 
Metab 1995; 80: 239–243.

 23. De Pergola G. The adipose tissue metabolism: 
role of testosterone and dehydroepiandrosterone. 
Int J Obes Relat Metab Disord 2000; 24(Suppl. 
2): S59–S63.

 24. Magnussen LV, Andersen PE, Diaz A, et al. 
MR spectroscopy of hepatic fat and adiponectin 
and leptin levels during testosterone therapy in 
type 2 diabetes: a randomized, double-blinded, 
placebo-controlled trial. Eur J Endocrinol 2017; 
177: 157–168.

 25. Haeffner A, Thieblemont N, Déas O, et al. 
Inhibitory effect of growth hormone on TNF-
alpha secretion and nuclear factor-kappaB 
translocation in lipopolysaccharide-stimulated 
human monocytes. J Immunol 1997; 158: 
1310–1314.

 26. Adamopoulos S, Parissis JT, Georgiadis M, 
et al. Growth hormone administration reduces 
circulating proinflammatory cytokines and 
soluble Fas/soluble Fas ligand system in 
patients with chronic heart failure secondary to 
idiopathic dilated cardiomyopathy. Am Heart J 
2002; 144: 359–364.

 27. Adorni MP, Zimetti F, Cangiano B, et al. 
High-density lipoprotein function is reduced 
in patients affected by genetic or idiopathic 
hypogonadism. J Clin Endocrinol Metab 2019; 
104: 3097-3107.

 28. Haymana C, Sonmez A, Aydogdu A, et al. 
Visceral adiposity index and triglyceride/
high-density lipoprotein cholesterol ratio in 
hypogonadism. Arch Endocrinol Metab 2017; 61: 
282–287.

 29. Kapoor D, Goodwin E, Channer KS, et al. 
Testosterone replacement therapy improves 
insulin resistance, glycaemic control, visceral 
adiposity and hypercholesterolaemia in 
hypogonadal men with type 2 diabetes. Eur J 
Endocrinol 2006; 154: 899–906.

 30. Mårin P, Holmäng S, Jönsson L, et al. The 
effects of testosterone treatment on body 
composition and metabolism in middle-aged 
obese men. Int J Obes Relat Metab Disord 1992; 
16: 991–997.

 31. Gianatti EJ, Dupuis P, Hoermann R, et al. 
Effect of testosterone treatment on glucose 
metabolism in men with type 2 diabetes: a 
randomized controlled trial. Diabetes Care 2014; 
37: 2098–2107.

 32. Ohlsson C, Barrett-Connor E, Bhasin S, et al. 
High serum testosterone is associated with 
reduced risk of cardiovascular events in elderly 
men. The MrOS (Osteoporotic Fractures in 
Men) study in Sweden. J Am Coll Cardiol 2011; 
58: 1674–1681.

 33. Chrysant SG and Chrysant GS. Cardiovascular 
benefits and risks of testosterone replacement 
therapy in older men with low testosterone. Hosp 
Pract (1995) 2018; 46: 47–55.

 34. Calogero AE, Giagulli VA, Mongioì LM, 
et al. Klinefelter syndrome: cardiovascular 
abnormalities and metabolic disorders. J 
Endocrinol Invest 2017; 40: 705–712.

 35. Chistiakov DA, Myasoedova VA, Melnichenko 
AA, et al. Role of androgens in cardiovascular 
pathology. Vasc Health Risk Manag 2018; 14: 
283–290.

 36. Khripun I, Vorobyev S, Belousov I, et al. 
Influence of testosterone substitution on 
glycemic control and endothelial markers in men 
with newly diagnosed functional hypogonadism 
and type 2 diabetes mellitus: a randomized 
controlled trial. Aging Male 2018; 20: 1–9.

 37. Groti K, Žuran I, Antonič B, et al. The impact 
of testosterone replacement therapy on glycemic 
control, vascular function, and components of 
the metabolic syndrome in obese hypogonadal 
men with type 2 diabetes. Aging Male 2018; 21: 
158–169.

 38. Sader MA, Griffiths KA, Skilton MR, et al. 
Physiological testosterone replacement and 
arterial endothelial function in men. Clin 
Endocrinol (Oxf) 2003; 59: 62–67.

 39. Folsom AR, Wang W, Parikh R, et al.; 
Atherosclerosis Risk in Communities (ARIC) 
Study Investigators. Hematocrit and incidence 
of venous thromboembolism. Res Pract Thromb 
Haemost 2020; 4: 422–428.

 40. Basaria S, Coviello AD, Travison TG, et al. 
Adverse events associated with testosterone 
administration. N Engl J Med 2010; 363: 
109–122.

https://journals.sagepub.com/home/tae


Therapeutic Advances in Endocrinology and Metabolism 11

16 journals.sagepub.com/home/tae

 41. Russo GI, Castelli T, Privitera S, et al. Increase 
of Framingham cardiovascular disease risk score 
is associated with severity of lower urinary tract 
symptoms. BJU Int 2015; 116: 791–796.

 42. Mohler ER, Ellenberg SS, Lewis CE, et al. 
The effect of testosterone on cardiovascular 
biomarkers in the testosterone trials. J Clin 
Endocrinol Metab 2018; 103: 681–688.

 43. Snyder PJ, Bhasin S, Cunningham GR, et al. 
Lessons from the testosterone trials. Endocr Rev 
2018; 39: 369–386.

 44. Jones TH and Kelly DM. Randomized 
controlled trials-mechanistic studies of 
testosterone and the cardiovascular system. 
Asian J Androl 2018; 20: 120–130.

 45. Pantalone KM, George J, Ji X, et al. 
Testosterone replacement therapy and the risk of 
adverse cardiovascular outcomes and mortality. 
Basic Clin Androl 2019; 29: 5.

 46. Alexander GC, Iyer G, Lucas E, et al. 
Cardiovascular risks of exogenous testosterone 
use among men: a systematic review and meta-
analysis. Am J Med 2017; 130: 293–305.

 47. Cole AP, Hanske J, Jiang W, et al. Impact 
of testosterone replacement therapy on 
thromboembolism, heart disease and obstructive 
sleep apnoea in men. BJU Int 2018; 121: 
811–818.

 48. Cheetham TC, An J, Jacobsen SJ, et al. 
Association of testosterone replacement with 
cardiovascular outcomes among men with 
androgen deficiency. JAMA Intern Med 2017; 
177: 491–499.

 49. Anderson JL, May HT, Lappé DL, et al. 
Impact of testosterone replacement therapy 
on myocardial infarction, stroke, and death in 
men with low testosterone concentrations in 
an integrated health care system. Am J Cardiol 
2016; 117: 794–799.

 50. Carey RM, Whelton PK and 2017 ACC/
AHA Hypertension Guideline Writing 
Committee. Prevention, detection, evaluation, 
and management of high blood pressure in 
adults: synopsis of the 2017 American College 
of Cardiology/American Heart Association 
Hypertension Guideline. Ann Intern Med 2018; 
168: 351–358.

 51. Perusquía M, Herrera N, Ferrer M, et al. 
Antihypertensive effects of androgens in 
conscious, spontaneously hypertensive rats.  
J Steroid Biochem Mol Biol 2017; 167: 106–114.

 52. Dalmasso C, Patil CN, Yanes Cardozo LL, et al. 
Cardiovascular and metabolic consequences of 

testosterone supplements in young and old male 
spontaneously hypertensive rats: implications for 
testosterone supplements in men. J Am Heart 
Assoc 2017; 17: 6.

 53. Yaron M, Greenman Y, Rosenfeld JB, et al. 
Effect of testosterone replacement therapy on 
arterial stiffness in older hypogonadal men. Eur J 
Endocrinol 2009; 160: 839–846.

 54. Fogari R, Preti P, Zoppi A, et al. Serum 
testosterone levels and arterial blood pressure in 
the elderly. Hypertens Res 2005; 28: 625–630.

 55. Reckelhoff JF, Yanes LL, Iliescu R, et al. 
Testosterone supplementation in aging men and 
women: possible impact on cardiovascular-renal 
disease. Am J Physiol Renal Physiol 2005; 289: 
F941–F948.

 56. Wilson PWF, Polonsky TS, Miedema MD, et al. 
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/
AGS/APhA/ASPC/NLA/PCNA Guideline on the 
management of blood cholesterol: a report of the 
American College of Cardiology/American Heart 
Association Task Force on Clinical Practice 
Guidelines. Circulation 2019; 139: e1144–e1161.

 57. Yeap BB, Alfonso H, Chubb SA, et al. In older 
men an optimal plasma testosterone is associated 
with reduced all-cause mortality and higher 
dihydrotestosterone with reduced ischemic heart 
disease mortality, while estradiol levels do not 
predict mortality. J Clin Endocrinol Metab 2014; 
99: E9–E18.

 58. Baillargeon J, Urban RJ, Kuo YF, et al. Risk of 
myocardial infarction in older men receiving 
testosterone therapy. Ann Pharmacother 2014; 
48: 1138–1144.

 59. Etminan M, Skeldon SC, Goldenberg SL, et al. 
Testosterone therapy and risk of myocardial 
infarction: a pharmacoepidemiologic study. 
Pharmacotherapy 2015; 35: 72–78.

 60. Li H, Mitchell L, Zhang X, et al. Testosterone 
therapy and risk of acute myocardial infarction 
in hypogonadal men: an administrative health 
care claims study. J Sex Med 2017; 14:  
1307–1317.

 61. Sharma R, Oni OA, Gupta K, et al. 
Normalization of testosterone level is associated 
with reduced incidence of myocardial infarction 
and mortality in men. Eur Heart J 2015; 36: 
2706–2715.

 62. Ribeiro Júnior RF, Ronconi KS, Jesus ICG, 
et al. Testosterone deficiency prevents left 
ventricular contractility dysfunction after 
myocardial infarction. Mol Cell Endocrinol 2018; 
460: 14–23.

https://journals.sagepub.com/home/tae


R Cannarella, AE Calogero et al.

journals.sagepub.com/home/tae 17

 63. Chen Y, Fu L, Han Y, et al. Testosterone 
replacement therapy promotes angiogenesis 
after acute myocardial infarction by enhancing 
expression of cytokines HIF-1a, SDF-1a and 
VEGF. Eur J Pharmacol 2012; 684: 116–124.

 64. English KM, Steeds RP, Jones TH, et al. Low-dose 
transdermal testosterone therapy improves angina 
threshold in men with chronic stable angina: a 
randomized, double-blind, placebo-controlled 
study. Circulation 2000; 102: 1906–1911.

 65. Malkin CJ, Pugh PJ, Morris PD, et al. 
Testosterone replacement in hypogonadal men 
with angina improves ischaemic threshold and 
quality of life. Heart 2004; 90: 871–876.

 66. Webb CM, Elkington AG, Kraidly MM, 
et al. Effects of oral testosterone treatment on 
myocardial perfusion and vascular function in 
men with low plasma testosterone and coronary 
heart disease. Am J Cardiol 2008; 101: 618–624.

 67. Mathur A, Malkin C, Saeed B, et al. Long-term 
benefits of testosterone replacement therapy on 
angina threshold and atheroma in men. Eur J 
Endocrinol 2009; 161: 443–449.

 68. Cornoldi A, Caminiti G, Marazzi G, et al. 
Effects of chronic testosterone administration 
on myocardial ischemia, lipid metabolism 
and insulin resistance in elderly male diabetic 
patients with coronary artery disease. Int J 
Cardiol 2010; 142: 50–55.

 69. Stout M, Tew GA, Doll H, et al. Testosterone 
therapy during exercise rehabilitation in male 
patients with chronic heart failure who have low 
testosterone status: a double-blind randomized 
controlled feasibility study. Am Heart J 2012; 
164: 893–901.

 70. Toma M, McAlister FA, Coglianese EE, et al. 
Testosterone supplementation in heart failure: a 
meta-analysis. Circ Heart Fail 2012; 5: 315–321.

 71. Mirdamadi A, Garakyaraghi M, Pourmoghaddas 
A, et al. Beneficial effects of testosterone 
therapy on functional capacity, cardiovascular 
parameters, and quality of life in patients with 
congestive heart failure. Biomed Res Int 2014; 
2014: 392432.

 72. Alamir MA, Ellenberg SS, Swerdloff RS, et al. 
The cardiovascular trial of the testosterone 
trials: rationale, design, and baseline data of 
a clinical trial using computed tomographic 
imaging to assess the progression of coronary 
atherosclerosis. Coron Artery Dis 2016; 27: 
95–103.

 73. Navarro-Peñalver M, Perez-Martinez 
MT, Gómez-Bueno M, et al. Testosterone 

replacement therapy in deficient patients with 
chronic heart failure: a randomized double-blind 
controlled pilot study. J Cardiovasc Pharmacol 
Ther 2018; 23: 543–550.

 74. Oni OA, Dehkordi SHH, Jazayeri M-A, et al. 
Relation of testosterone normalization to 
mortality and myocardial infarction in men with 
previous myocardial infarction. Am J Cardiol 
2019; 124: 1171–1178.

 75. Tao J, Liu X and Bai W. Testosterone 
supplementation in patients with chronic heart 
failure: a meta-analysis of randomized controlled 
trials. Front Endocrinol (Lausanne) 2020; 11: 
110.

 76. Holmegard HN, Nordestgaard BG, Jensen 
GB, et al. Sex hormones and ischemic stroke: a 
prospective cohort study and meta-analyses.  
J Clin Endocrinol Metab 2016; 101: 69–78.

 77. Shores MM, Arnold AM, Biggs ML, et al. 
Testosterone and dihydrotestosterone and 
incident ischaemic stroke in men in the 
Cardiovascular Health Study. Clin Endocrinol 
(Oxf) 2014; 81: 746–753.

 78. Loo SY, Azoulay L, Nie R, et al. Cardiovascular 
and cerebrovascular safety of testosterone 
replacement therapy among aging men with low 
testosterone levels: a cohort study. Am J Med 
2019; 132: 1069–1077.e4.

 79. Loo SY, Chen BY, Yu OHY, et al. Testosterone 
replacement therapy and the risk of stroke in 
men: a systematic review. Maturitas 2017; 106: 
31–37.

 80. Banerjee PP, Banerjee S, Brown TR, et al. 
Androgen action in prostate function and 
disease. Am J Clin Exp Urol 2018; 6: 62–77.

 81. Corona G, Goulis DG, Huhtaniemi I, et al. 
European Academy of Andrology (EAA) 
guidelines on investigation, treatment and 
monitoring of functional hypogonadism in 
males: endorsing organization: European 
Society of Endocrinology. Andrology. Epub 
ahead of print 5 February 2020. DOI: 10.1111/
andr.12770.

 82. Baas W and Köhler TS. Testosterone 
replacement therapy and BPH/LUTS. What is 
the evidence? Curr Urol Rep 2018; 17: 46.

 83. Hackett GI. Testosterone replacement therapy 
and mortality in older men. Drug Saf 2016; 39: 
117–130.

 84. Kathrins M, Doersch K, Nimeh T, et al. The 
relationship between testosterone replacement 
therapy and lower urinary tract symptoms: a 
systematic review. Urology 2016; 88: 22–32.

https://journals.sagepub.com/home/tae


Therapeutic Advances in Endocrinology and Metabolism 11

18 journals.sagepub.com/home/tae

 85. Calogero AE, Burgio G, Condorelli RA, et al. 
Treatment of lower urinary tract symptoms/
benign prostatic hyperplasia and erectile 
dysfunction. Aging Male 2018; 21: 272–280.

 86. Mirone V, Debruyne F, Dohle G, et al.; URO-
TRAM working group. European Association 
of Urology position statement on the role 
of the urologist in the management of male 
hypogonadism and testosterone therapy. Eur 
Urol 2017; 72: 164–167.

 87. Vinarov AZ and Rozhivanov RV. Effect of 
transderrmal testosterone on the quality of life 
of men with androgen deficiency and chronic 
prostatitis in routine clinical practice. Urologiia 
2018; 71–76.

 88. Morgentaler A. Testosterone therapy for men at 
risk for or with history of prostate cancer. Curr 
Treat Options Oncol 2006; 7: 363–369.

 89. Kaufman JM and Graydon RJ. Androgen 
replacement after curative radical prostatectomy 
for prostate cancer in hypogonadal men. J Urol 
2004; 172: 920–922.

 90. Agarwal PK and Oefelein MG. Testosterone 
replacement therapy after primary treatment for 
prostate cancer. J Urol 2005; 173: 533–536.

 91. Nguyen TM and Pastuszak AW. Testosterone 
therapy among prostate cancer survivors. Sex 
Med Rev 2016; 4: 376–388.

 92. Cornford P, Bellmunt J, Bolla M, et al. EAU-
ESTRO-SIOG guidelines on prostate cancer. 
Part II: treatment of relapsing, metastatic, and 
castration-resistant prostate cancer. Eur Urol 
2017; 71: 630–642.

 93. Loeb S, Folkvaljon Y, Damber J-E, et al. 
Testosterone replacement therapy and risk of 
favorable and aggressive prostate cancer. J Clin 
Oncol 2017; 35: 1430–1436.

 94. Fode M, Salonia A, Minhas S, et al. Late-
onset hypogonadism and testosterone therapy 
- a summary of guidelines from the American 
Urological Association and the European 
Association of Urology. Eur Urol Focus 2019; 5: 
539–544.

 95. Morales A, Black AM and Emerson LE. 
Testosterone administration to men with 
testosterone deficiency syndrome after external-
beam radiotherapy for localized prostate cancer: 
preliminary observations. BJU Int 2009; 103: 
62–64.

 96. Grasselli G, Zangrillo A, Zanella A, et al. 
Baseline characteristics and outcomes of 1591 
patients infected with SARS-CoV-2 admitted 

to ICUs of the Lombardy Region, Italy. JAMA 
2020; 323: 1574–1581.

 97. Jin J-M, Bai P, He W, et al. Gender differences 
in patients with COVID-19: focus on severity 
and mortality. Front Public Health 2020; 8: 152.

 98. Chen T, Wu D, Chen H, et al. Clinical 
characteristics of 113 deceased patients with 
coronavirus disease 2019: retrospective study. 
BMJ 2020; 368: m1091.

 99. Korean Society of Infectious Diseases; Korean 
Society of Pediatric Infectious Diseases; Korean 
Society of Epidemiology; Korean Society for 
Antimicrobial Therapy; Korean Society for 
Healthcare-associated Infection Control and 
Prevention; Korea Centers for Disease Control 
and Prevention. Report on the epidemiological 
features of coronavirus disease 2019 (COVID-
19) outbreak in the Republic of Korea from 
January 19 to March 2, 2020. J Korean Med Sci 
2020; 35: e112.

 100. Borges do Nascimento IJ, Cacic N, Abdulazeem 
HM, et al. Novel coronavirus infection 
(COVID-19) in humans: a scoping review and 
meta-analysis. J Clin Med 2020; 9: 941.

 101. Dalpiaz PL, Lamas AZ, Caliman IF, et al. Sex 
hormones promote opposite effects on ACE 
and ACE2 activity, hypertrophy and cardiac 
contractility in spontaneously hypertensive rats. 
PLoS One 2015; 10: e0127515.

 102. Lucas JM, Heinlein C, Kim T, et al. The 
androgen-regulated protease TMPRSS2 
activates a proteolytic cascade involving 
components of the tumor microenvironment 
and promotes prostate cancer metastasis. Cancer 
Discov 2014; 4: 1310–1325.

 103. Montopoli M, Zumerle S, Vettor R, et al. 
Androgen-deprivation therapies for prostate 
cancer and risk of infection by SARS-CoV-2: a 
population-based study (N = 4532). Ann Oncol 
2020; 31: 1040–1045.

 104. Pan F, Xiao X, Guo J, et al. No evidence of 
severe acute respiratory syndrome–coronavirus 
2 in semen of males recovering from coronavirus 
disease 2019. Fertil Steril 2020; 113: 1135–1139.

 105. Li D, Jin M, Bao P, et al. Clinical characteristics 
and results of semen tests among men with 
coronavirus disease 2019. JAMA Netw Open 
2020; 3: e208292.

 106. Ling M, Wen X, Danyang L, et al. Effect 
of SARS-CoV-2 infection upon male 
gonadal function: a single center-based 
study. medRxiv 2020.03.21.20037267. DOI: 
10.1101/2020.03.21.20037267.

Visit SAGE journals online 
journals.sagepub.com/
home/tae

SAGE journals

https://journals.sagepub.com/home/tae
https://journals.sagepub.com/home/tae
https://journals.sagepub.com/home/tae



