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The real epidemiology and the possible consequences of anabolic-androgenic steroids (AAS) use still represent a very tricky
task due to the difficulties in the quantification and detection of these drugs. Chronic use of AAS, frequently combined with
other illicit substances, can induce tremendous negative effects on the reproductive system, but it is also associated with an
increased overall and cardiovascular mortality risk. In the present review we summarize and discuss the available evidence
regarding the negative impact of AAS on the male reproductive system, providing practical suggestions to manage these
problems. For this purpose a meta-analysis evaluating the effects of AAS abusers vs. controls on several hormonal, reproduc-
tive and metabolic parameters was performed. In addition, in order to overcome possible limitations related to the combined
use of different AAS preparations, we also retrospectively re-analyzed data on animal models treated with supraphysiologi-
cal dosage of testosterone (T), performed in our laboratory. Available data clearly indicated that AAS negatively affect en-
dogenous T production. In addition, increased T and estradiol circulating levels were also observed according to the type
of preparations used. The latter leads to an impairment of sperm production and to the development of side effects such as
acne, hair loss and gynecomastia. Furthermore, a worse metabolic profile, characterized by reduced high density lipoprotein
and increased low density lipoprotein cholesterol levels along with an increased risk of hypertension has been also detected.
Finally sexual dysfunctions, often observed upon doping, represent one the most probable unfavorable effects of AAS abuse.
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INTRODUCTION to enhance physical performance, sense of well-being

and cosmetic appearance among athletes [1-4]. Some

Anabolic-androgenic steroids (AAS) represent a years after T isolation and synthesis in 1935 [5], Baje [6]
group of heterogeneous compounds, which include tes- had already discussed the possible use of sex steroids
tosterone (T) and its derivate substances, largely used in athletes. Alleged information suggests that the Ger-
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mans gave AAS to solders during World War II and
to athletes in preparation for the 1936 Berlin Olympic
Games [4]. The first documented use of AAS in an ath-
letic competition dates back to a Russian team at the
weightlifting championship during the 1954 Vienna
Olympic Games [4]. From strength-intensive sports,
the use of AAS gradually spread to other disciplines
and to non-professional competitions. In 1990, the pos-
sibility of having open access to classified documents,
after the fall of Communist government in the Ger-
man Democratic Republic, allowed for the discovery of
a secret State program to improve national athletes’
performance using AAS during the 1970s and 1980s [4].
Similarly, more recently, the Russian track and field
team was banned from the 2016 Olympic Games due to
suspicions about a State program supporting the use of
illicit drugs among their athletes [3]. The epidemiology
of AAS use, either in professional athletes or in the
general population, is a difficult task due to reluctance
to declare openly the consumption and the introduction
of chemical modifications in order to reduce the detec-
tion of AAS [3,4]. For the first time in 1975, the Inter-
national Olympic Committee created a list of banned
illicit substances including stimulants and narcotics,
which, since 2004, is nowadays under the responsibility
of the World Anti-Doping Agency (WADA) [34].

Official data resulting from Olympic-level athletes,
tested between 1987 and 2013, indicated a prevalence of
positive test, ranging from 0.96% to 245% [7]. However,
WADA data showed that, of elite professional athletes,
from 44% up to 70% have declared past use of 1illicit
drugs, although only less than 1% of those tested were
caught [7]. The figure is even more impressive consid-
ering that more than 75% of AAS users are noncom-
petitive athletes [1-4]. A meta-analysis, including 187
studies and providing data from 271 lifetime preva-
lence rates, indicated a global rate of AAS use of 3.3%,
being four times higher in males than in females (6.4%
vs. 1.6%) [1]. In addition, data derived from ten studies,
investigating AAS dependence, concluded that 32.5% of
AAS users developed, at some time, a drug-dependence
[4]. Applying these data to the US population, the
prevalence of AAS users is similar to that observed for
other diseases such as Human Immunodeficiency Virus
infection or type 1 diabetes [4].

Due to their influence on hypothalamus-pituitary
testis axis, the chronic use of AAS could have a tre-
mendous impact on endogenous T production, fertility
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and general well-being. In addition, the combination
with the abuse of other substances such as opiates,
other anabolic drugs (human chorionic gonadotropin
hormone [hCG], growth hormone [GH], insulin) can
have even more deleterious effects not only on the re-
productive system, but also increasing overall and car-
diovascular (CV) mortality risk [1-4]. A previous meta-
analysis, including 11 studies and less than 100 abusers,
has documented that the use of AAS resulted in a
rapid reduction in gonadotropins and T levels, which
gradually return to the baseline within 13—-24 weeks
[8]. No data on comparisons between AAS-abusers and
non-abuser athletes were reported.

The aim of the present study is to summarize and
critically discuss the available evidence regarding the
impact of AAS on the male reproductive system pro-
viding practical suggestions to manage these problems.
A meta-analysis including those studies comparing the
effects of AAS vs. controls on reproductive systems will
be also provided.

METHODS

A comprehensive narrative review and meta-
analysis was performed using Medline, Embase and
Cochrane search and including the following words:
("steroidal"TAll Fields] OR "steroidals"[All Fields] OR
"steroidic'[All Fields] OR "steroids'[MeSH Terms] OR
"steroids'[All Fields] OR "steroid'[All Fields]) AND
("abusable'"[All Fields] OR "abuse s"[All Fields] OR
"abused'TAll Fields] OR "abuser'[All Fields] OR "abuser
s'[All Fields] OR "abusers'[All Fields] OR "abuses'"TAll
Fields] OR "abusing"[All Fields] OR "abusive"[All
Fields] OR "abusively'All Fields] OR "abusiveness'"[All
Fields] OR "substance related disorders'[MeSH Terms]
OR ("substance related'[All Fields] AND "disorders'[All
Fields]) OR "substance related disorders'[All Fields] OR
"abuse'[All Fields]) AND ("testosterone"[MeSH Terms]
OR "testosterone"[All Fields] OR "testosterone"[All
Fields] OR "testosterones"[All Fields] OR
"testosterones'[All Fields]) AND ("sperms'[All Fields]
OR "spermatozoa'"[MeSH Terms] OR "spermatozoa'[All
Fields] OR "sperm'[All Fields] OR "sperms'[All Fields]).
Publications from January 1, 1969 up to January 15th,
2021 were included. The search was restricted to hu-
mans and males. In addition, only English papers were
considered.

Preclinical data were derived from a previously pub-
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lished series of eugonadal rabbits or rats treated with
or without supra-physiological doses of T (see below).

ANABOLIC-ANDROGENIC STEROID
COMPOUNDS

A complete biochemical analysis of the most used
AAS is beyond the aim of the present review. Hence,
only a short overview will be presented here, while
more complete information is available elsewhere [3,4].
Endogenous T levels or actions can be increased by
the administration of T or its derivates or by the use
of drugs that can increase endogenous T production
such as hCG, selective estrogen modulators (SERM)
or T precursors (Table 1). Overall, the final effects of
AAS and their adverse consequences depend upon
their chemical structure and on their possibility to
cover all T biological actions through aromatization or
5-alpha reduction. The most common used AAS such
as T, boldenone, metadione and nortestosterone can be
aromatized and 5-alpha-reduced, whereas fluoxyme-
sterone and formebolone cannot be aromatized but
can be reduced and other molecules neither reduced or

Table 1. Biological proprieties of the commonly used anabolic andro-
genic steroids (AAS)

AAS Substrate for Substrate for
aromatization 5-alpha reductase
Testosterone + +
Boldenone + +
Metadione + +
Nortestosterone + +
Metandienone + +
Fluoxymesterone + -
Formebolone + -
Nadrolone + -
Bolandiol® + -
Oxymetholone + Already 5-alpha reduced
Stanazol - +
Oxandrolone - +
Trenbolone - +
Danazol - +
Dostranolone - +
Metenolone - Already 5-alpha reduced
Clostebol - -
Gestrinone - -

Tetrahydrogestrinone - -

°*Nadrolone precursors.
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aromatized (Table 1). In addition, it is important to rec-
ognize that the widespread, unregulated, web-market
has increased the number of anabolic steroids avail-
able, frequently contained in dietary supplements (see
also https://www.usada.org/athletes/substances/supple-
ment-411/) [3,4]. The interpretation of the final effects
of AAS is further complicated by the combination of
different steroids in cycles of increasing and decreas-
ing concentrations along with several other drugs to
support the anabolic action (GH, insulin), to counteract
possible adverse effects (SERM or aromatase inhibi-
tors, hCG) or reduce the risk of detection (diuretics and
probenecid) [3,4].

CLINICAL DATA

1. General characteristics

Out of 738 studies, 24 [9-34] specifically analyzed the
andrologic consequences of AAS in males. These trials
included 2411 patients with a mean age of 29.7 years
and a mean follow-up of 1487 weeks. The trials differ
in basal characteristics and type of AAS used (Table
2 and Supplement Table 1). In particular, 13 studies
compared the effects of AAS to controls whereas 11 re-
ported only side effects in the active group. Bodybuild-
ers or weightlifters were the most common athletes
considered, the list of which included also soccer play-
ers, other professional athletes as well as recreational
exercisers. In the vast majority of the cases, control
groups were made up of non-abuser athletes but also of
normal sedentary groups (Table 2).

2. Hormonal parameters

Abusers were characterized by reduced luteinizing
hormone (LH) and follicular stimulating hormone
(FSH) and increased total T and estradiol levels (Table
3 and Supplement Fig. 1A-D). Similarly, reduced sex
hormone binding globuline levels were observed in
abusers, when compared to controls (Table 3 and Sup-
plement Fig. 1E). Accordingly, gynecomastia, acne, hair
loss and decreased testis volume were quite frequently
reported as possible side effects during AAS use (Fig. 1
and Supplement Fig. 2A-D).

3. Sperm parameters

When sperm parameters were evaluated, reduced to-
tal sperm count and sperm morphology were observed
in abusers, when compared to controls (Table 3 and
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Table 3. Overall weighted differences (with 95% Cl) in hormonal, sperm, body composition and metabolic parameters as derived from meta-

analysis in men using or not using anabolic androgenic steroids

Parameter Study no. Mean (95% Cl) p-value
Hormonal parameters
Lutenizing hormone (mU/mL) 8 -2.60 (-3.18 to -2.01) <0.0001
Follicular stimulating hormone (mU/mL) 8 -2.61(-3.32t0-1.91) <0.0001
Total testosterone (nmol/L) 9 8.75(0.79t0 16.72) <0.03
Total estradiol (pmol/L) 5 170.23 (81.10 to 259.36) <0.0001
Sex hormone binding globulin (nmol/L) 2 -17.06 (-33.58 to -0.54) 0.04
Sperm parameters
Sperm count (x10°) 2 -47.28 (-79.93 to -14.62) <0.0001
Sperm concentration (x10%/mL) 3 -39.59 (-82.82 t0 3.63) 0.07
Normal morphology -2.00 (-2.95 to -1.04)° <0.0001
Body composition and metabolic parameters
Lean mass 5 1.24(0.62 t0 1.87)° <0.0001
Fat mass 4 -1.07 (-1.53t0 -0.61)° <0.0001
Low density lipoprotein-cholesterol (mmol/L) 4 0.63 (0.38t0 0.88) <0.0001
High density lipoprotein-cholesterol (mmol/L) 5 -0.43 (-0.56 t0 -0.31) <0.0001
Total cholesterol (mmol/L) 4 0.13(-0.24t0 0.51) 0.48
Triglycerides (mmol/L) 3 0.16 (-0.23 t0 0.55) 0.43
Fasting glucose (mmol/L) 2 0.11(-0.36 t0 0.59) 0.63
Cl: confidence interval.
°Standardized mean (95% Cl).
Side effect # Trials Rate Rate LL uL
0 10 20 30 40 50 60
Gynecomastia 10 13 8 21
Acne 10 27 14 45
Hair loss 6 e—i 34 3 38
Reduced testis volume 6 18 6 44
Elevated cholesterol 4 e 8 4 17 Fig. 1. Rate (95% confidence interval) of
Elevated blood pressure 3 17 4 52 the main adverse events related to the
Erectile dysfunction 6 10 S 19 abuse of anabolic androgen steroids. LL:
Reduced libido 7 18 10 31 lower levels, UP: upper levels.

Supplement Fig. 3A, 3C). In addition, a trend towards a
statistically significant reduction in sperm concentra-
tion in abusers was also detected (Supplement Fig. 3B).
Insufficient data were available to analyze other sperm
parameters (not shown).

4. Body composition and metabolic

par ameters
AAS was characterized by an increased free-fat and

reduced fat mass (Table 3 and Supplement Fig. 4A, 4B).
In addition, higher low-density lipoprotein (LDL) and
lower high-density lipoprotein (HDL)-cholesterol lev-
els were observed in AAS when compared to controls
(Table 3 and Supplement Fig. 4C, 4D). In line with the
latter results, dyslipidemia was reportedinup to 17% of

abusers (Fig. 1 and Supplement Fig. 2E). Conversely,
no difference in total cholesterol, triglycerides and glu-
cose levels were observed between groups (Table 3 and
Supplement Fig. 4E-G). Finally, elevated blood pres-
sure (BP) was reported in up to 50% of cases (Fig. 1 and
Supplement Fig. 2F). However, insufficient data were
available to compare mean BP in cases and controls (not
shown).

5. Sexual function

Limited information regarding sexual function was
available. No comparisons between cases and controls
were reported (not shown). Data regarding erectile dys-
function (ED) and low libido were recorded in six and
seven studies, respectively. Combining the results of

www.wjmh.org 169
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those studied, ED and reduced sexual desire were re-
portedin up to 19% and 31% of cases (Fig. 1 and Supple-
ment Fig. 2G, 2H).

6. Discussion

The effects of AAS on hypothalamus-pituitary-testis
(HPT) axis are not surprising. A previous meta-analysis
showed that, during AAS use, a significant reduction of
LH and FSH was observed when compared to baseline
levels [8]. We here confirmed similar findings when
AAS-abusers were compared to controls. Our data
also indicated that, when compared to a control group,
AAS-abusers have higher T and estradiol levels. The
latter results are in line with the observed higher risk
of side effects such as acne, hair loss and gynecomastia
as well as reduced testis volume. Data derived from the
Christou et al. [8] meta-analysis previously documented
reduced and not increased T levels after AAS use. The
different patterns of AAS can be used to explain the
latter differences. In fact, although it is clear that the
use of AAS causes a reduction of endogenous T pro-
duction, the type of drug used can modify T circulating
levels differently. Accordingly, AAS can be converted
or not to T and/or to estrogens (Table 1). Unfortunately,
information related to the specific type of AAS used in
the different studies was limited and no specific sub-
analyses were therefore possible. The role played by T
and dihydrotestosterone in regulating sebum produc-
tion is well recognized, so that the increased risk of
acne associated with AAS is expected [3,4]. Similar con-
siderations can be drawn for hair loss [35]. In addition,
the alteration in estrogen-to-androgen balance induced
by AAS is probably the cause of the reported high risk
of gynecomastia [36,37]. The previously described modi-
fications of the HPT axis, induced by the use of AAS,
eventually cause a sperm production impairment and a
testis volume reduction, since tubules account for more
than 90% of the testis volume and their deterioration
induces shrinkages of the testes. Considering the dif-
ferent preparations and combinations used, general
conclusions related to the HPT axis recovery after
AAS discontinuation appear difficult to draw. A previ-
ous meta-analysis documented that gonadotropin levels
recover from 13 to 24 weeks after AAS withdrawal,
whereas serum endogenous T levels are still reduced
at 16 weeks [8]. The time of AAS exposure as well as
the dosages used and the type of preparations assumed
can specifically affect HPT axis recovery. It is reason-
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able to suppose that a shorter duration, lower dosages
and younger age of the athletes can guarantee a faster
recovery after AAS cessation. In particular, the type
of AAS used seems to play a crucial role. In fact, nan-
drolone metabolites can be detected in the urine of the
abusers after more than a year in some men [38]. Lim-
ited information related to sperm recovery after AAS
interruption is available. However, data derived from
male hormonal contraceptive trials showed that sperm
concentration normalization is achieved in 100% of
subjects within 24 months [39].

Androgens play a crucial role in regulating male
sexual function, acting either at a central or peripheral
level [40-42]. Data derived from available meta-anal-
yses showed that the use of testosterone replacement
therapy (TRT) is useless in eugonadal men for improv-
ing erectile function [43-46]. Conversely, limited effects
have been reported for libido [43,46]. Present data indi-
cate a prevalence of ED and low libido similar to that
reported in the general population [47]. It has been sug-
gested that the type of AAS could represent a crucial
factor, with sexual dysfunction being more prevalent
especially among those men abusing aromatizable AAS
[2]. Accordingly, high levels of circulating estrogens
and/or anestrogen-to-androgen imbalance have been
described as a possible factor negatively influencing
male sexual function [48].

In AAS abusers, the observed increase in lean mass
and decrease in fat mass were expected findings; in
fact, they are in line with what has been reportedin
hypogonadal men during TRT [49]. Interestingly, the
effect size observed in the present meta-analysis is
two times higher than that reported by our group in
a previous meta-analysis including all randomized
placebo controlled trials (RCTs) evaluating the effects
of TRT in patients with late onset hypogonadism [50].
The higher dosages applied and the use of T prepara-
tions with higher anabolic effects can explain, at least
partially, the observed differences. Accordingly, supra-
physiological doses of T combined with strength train-
ingis able to increase fat-free mass and muscle size and
strength in normal men [51].

The role of TRT in the regulation of lipid and glyco-
metabolic profiles in hypogonadal men is more conflict-
ing [52]. In particular, whereas some positive outcomes
for fasting and post-loading glucose levels have been
observed [52-56], the role of TRT on glycated hemo-
globin, in diabetic subjects, and on lipid profile are
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more conflicting [50-52]. The present data documented
that AAS resulted in more atherogenic lipid profile
(increased HDL, LDL, and increased LDL cholesterol,
HDL, levels) whereas no modification of fasting glucose
levels have been observed. The specific mechanisms
through which T can regulate endogenous metabolism
are beyond the aim of the present study and revised
elsewhere [52]. However, the worse lipid profile along
with other effects related to AAS abuse such as car-
diac mass modulation, higher risk of hypertension and
thromboembolic events can all contribute to the ob-
served increased CV risk related to the use of AAS [4].

MANAGEMENT

The lack of conclusive and well-performed RCTs pre-
vents the possibility of giving clear recommendations
on how to manage an eventual AAS abuse and its con-
sequences, in particular in male fertility. In fact, even
in our experience, couple infertility represents one of
the most common reasons for consultation in men us-
ing AAS. As reported above, AAS withdrawal allows
normalization of the HPT axis within 24 weeks, espe-
cially when ASS abuse dates to less than one year. In
this case, couple reassurance should be sufficient. How-
ever, a longer recovery time, up to 2 years, has been de-
scribed for those men who declared a longer period and
larger dosages of AAS [2-4]. Considering that nowadays
most couples decide to conceive at an older age than in
the previous decades, such a long time for spermato-
genesis recovery is often unacceptable. In addition, a
withdrawal syndrome has been described after long-
term AAS cessation. Various therapeutic approaches
have been reported to overcome the situation allowing
a faster recovery. In particular, the use of hCG, along
with SERM such as tamoxifen and clomiphene, are the
most commonly suggested therapies. However, when
fertility represents an issue, hCG alone cannot be suf-
ficient and the combination with FSH is often required
[2-4]. Finally, when AAS is associated with other il-
licit drugs, including opioids, the management of AAS
withdrawal syndrome can be more difficult to manage,
requiring interaction with psychologists and psychiat-
rics [2-4].

ANIMAL MODELS OF DOPING

As stated before, the most important motivation

Giovanni Corona, et al: Anabolic-Androgenic Steroid Abuse and Maleness I

prompting AAS abuse in men is to increase muscle
mass and physical performance. The lack of well-
designed, placebo-controlled RCT studies on the effect
of AAS on male sexuality and fertility, along with the
often-used combination of several abused drugs in the
available trials, severely hampered the possibility to
dissect the specific effects of AAS on the male genital
tract. To overcome these problems, we retrospectively
re-analyzed previously published data on animal mod-
els performed in our laboratory [57-61] adding few
unpublished observations. We selected data involving
eugonadal experimental animals (rabbits and rats)
fed a regular diet (RD) treated (RD+T) or not with
supraphysiological doses of T (rats: T proprionate, 100
mg/kg for 2 weeks and rabbits: T propionate 30 mg/kg
weekly for 12 weeks) focusing on sexual and fertility
data. We also re-analyzed data on the effect of such
supraphysiological doses of T on muscle biology and on
physical performance, using a rabbit model in which
eugonadal rabbits fed a RD were trained to perform
an endurance exercise (treadmill) (RD+PhyEx) treated
(RD+T+PhyEx) or not with the aforementioned sup-
raphysiological dose of T enanthate [57,58]. Finally, we
re-analyzed data on eugonadal rats treated with or not
with T, monitoring intracavernous pressure (ICP) fol-
lowing electro-stimulation of the cavernous nerve [61].
Fig. 2 shows the effect of T administration on oth-
erwise eugonadal rabbits, which performed or not
physical exercise. In T-treated arms, we observed a
sharp increase in circulating T with a parallel two-
fold increase in seminal vesicle weight (Fig. 2A, 2C). As
expected, the supraphysiological level of circulating T
downregulated LH levels and significantly decreased
testis volume (Fig. 2B, 2D). Overall, no significant dif-
ferences were found between rabbits performing or not
physical exercise. Interestingly, we did not notice any
difference in the ability to perform physical exercise,
consisting in running on a treadmill. In fact running
distance, running time and lactate production was
similar among groups (not shown) [57,58]. Accordingly,
histomorphological analysis by PAS staining of vas-
tus medialis cross-sections did not reveala difference
in glycogen content, which classifies fibers as light-,
medium- and dark staining, ranging from oxidative to
glycolytic (Fig. 3A, 3B). However, fiber diameters were
increased by both physical exercise and T administra-
tion with an additive effect (Fig. 3C). At a molecular
level, the most striking effect was a T-induced increase
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Fig. 2. Circulating testosterone (T; A) and luteinizing hormone (LH; B) levels in eugonadal rabbits fed a regular diet (RD), which performed
(RD+PhyEx) or not physical exercise (PhyEx). The effect of supraphysiological dosing with T is also showed in rabbits which performed physical
exercise (RD+T+PhyEx) or not (RD+T). Weight of testis (C) and seminal vesicles (D) in the four aforementioned rabbit arms. Level of significance

upon Kruskal-Wallis and post-hoc Mann-Whitney analyses is also indicated, along with number of observations. *Outlier.

in MYH?7 gene expression, which is a marker of slow/
oxidative fibers, independently from performing or not
a physical exercise (Supplement Fig. 5) [57]. In addi-
tion, T administration induced an increase in myogenic
and differentiation markers, such as MY5, PAX7, and
ITGAT7 mRNA, respectively, independently from the
physical activity performed (Supplement Fig. 6A-C)
[67]. Finally, physical activity and T administration
increased significantly the lipolytic marker lipoprotein
lipase mRNA (Supplement Fig. 6D) [57]. All of this
evidence indicates that T administration to eugonadal
animals leads to an increase in muscle fiber mass by
stimulating myogenesis and differentiation of the fi-
bers, without evident results in performance, as often
observed in humans. Hence, this animal model seems
to recapitulate the human phenotype of eugonadal
subjects assuming supraphysiological doses of andro-
gen to increase muscle mass. Therefore, analyzing the
effect on sexual and reproductive parameters could be
interesting.

172 www.wjmh.org

Concerning the molecular machinery leading to
penile erection, we did not find any significant effect
on the genes involved in the main pathways stimulat-
ing or inhibiting erection, including NO-cGMP-PDE5
and RhoA-ROCK expression, respectively (not shown).
However, functional studies on penile strips indicated
that T administration, independently from performing
or not physical activity, increased responsiveness to
acetylcholine, the main neurotransmitter initiating the
NO cascade and exploring the endothelial-dependent
relaxation (Fig. 4A). In addition, T administration de-
creased the contractile effect of the adrenergic agonist
phenylephrine (Fig. 4B). Hence, because T facilitated
Ach-induced relaxation and decreased contractile re-
sponse to an adrenergic stimulation of penile strips in
vitro, T' should have an overall positive effect on erec-
tion. However, this is not the case when considering
in vivo experiments. Fig. 4B shows results of increas-
ing frequency of stimulation of the exposed cavern-
ous nerves by recording the maximal ICP, normalized
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Schiff (PAS) staining of vastus medialis cross-sections from untreated rabbits (RD) and rabbits fed a regular diet (RD) and treated with testoster-
one (RD+T) and/or physical exercise (RD+PhyEx, RD+T+PhyEx). Scale bar 50 um. Based on PAS staining intensity, indicative of glycogen content,
fibers are classified as light-, medium- or dark-stained, ranging from oxidative to glycolytic. T and PhyEx treatments do not affect the overall fiber
composition, maintaining the ratio between oxidative (light) and glycolytic (medium/dark) fibers, as quantified by counting ten fields from mus-
cle sections of at least three animals for each experimental group (B). (C) An increased fiber diameter was detected in PAS-stained muscle cross-
sections from PhyEx and T-treated groups, as analyzed using Image J 1.51f software (National Institutes of Health). p<0.001 vs. RD; "p<0.001 vs.

RD-+PhyEx.

to mean arterial pressure (MAP). In control rats, the
mean T level was 3.8+0.68 nM and the maximal ICP/
MAP obtained was=65.1+1.7, with an EC,=2.8+0.28
Hz. T administration induced a 10-fold increase in cir-
culating T levels (T=34.98+9 nM) but was completely
ineffective, at all the frequencies tested, in increasing
penile erection (Fig. 4C) [60]. Accordingly, even in this
model, we did not observe any variation at a molecular
level in genes related to penile erection (not shown) [60].

Concerning sperm parameters, in the aforementioned
rabbit model we found that supraphysiological dosing
of T (Fig. 5) was able to significantly decrease sperm
number and to deteriorate sperm morphology (Fig. 5A,
5B) [61], without apparent effects on sperm motility
(Fig. 5C, 5D) [61].

Finally, concerning glucolipid metabolism and mean
blood pressure, Kruskal-Wallis analysis did not reveal
significant variations among groups treated or not
with supraphysiological doses of T and performing or
not physical exercise (not shown) [57,58].

CONCLUSIONS

T, often considered the hormone for youthful vigor
and sexual potency, could be indeed venomfor fertil-
ity and sexuality, if abused. The animal models here
described demonstrated that the decrease in gonado-
trophins and testis volume, as well as in alterations in
sperm parameters, i.e., sperm concentration and normal
morphology, are genuine effects of supraphysiological
dosing of androgens [57-61]. In contrast, a supraphysi-
ological dose of Tin animal studies resulted in a modest
or null effect on erection, in contrast to that observed
in some, but not all clinical studies (Fig. 1 and Supple-
ment Fig. 2G). It should be recognized that changes in
sexuality are not a primary endpoint in such clinical
studies and that, quite often, androgens are not the
only substance abused. This might justify the negative
effect of androgen abuse recorded in the present meta-
analysis. In fact, in clinical trials, where a standardized
dose of T was administered to otherwise eugonadal
subjects or in mixed populations, libido increased and
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did not decrease [43-46] with a null effect on erections.
In our animal models, modifications in sexual desire
were not investigated and, therefore, final conclusions
cannot be drawn. Clinical studies, here scrutinized and
summarized in a meta-analysis, indicated that AAS
was associated with an unfavorable lipid profile and
with an increase in blood pressure. All these conditions
might be associated with a decreased blood flow within
cavernous arteries, finally leading to erectile dysfunc-
tion. We did not observesuch changes in the rabbit
model, where all the animals were maintained in a
standardized condition and fed a regular diet. Hence, it
is possible that the adverse modifications in lipid me-
tabolism and in the blood pressure observed in clinical
trials were most probably due to abuse of other doping
substances or to an unhealthy lifestyle.

174 www.wjmh.org

Nonetheless, as universally observed in all meta-
analyses involving TRT in hypogonadal individuals
[49,50], we here report a parallel decrease in fat mass
and an increase in lean mass induced by AAS. Accord-
ingly, histomorphological analysis of rabbit vastus me-
dialis sections indicate a T-induced increase in muscle
fiber diameter with an exercise-associated additive ef-
fect.

Results on sperm parameters were clearly concordant
between preclinicaland clinical observations. Chronic
exposure to androgens not only resulted in a reduced
testis size but also in a reduction of sperm number and
normal morphology, supporting fertility problems in
androgen abusers.

Finally, due to the activation of androgenic and/or
estrogenic signaling, AAS was significantly associated
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with in one way acne and baldness and, in the other
one, with gynecomastia, respectively. Some, but not all,
these conditions can be reversed by AAS withdrawal.
To restore testicular function after doping, direct (hCG)
or indirect (antiestrogen) stimulators of endogenous T
synthesis have been suggested, but clear evidence of
their efficacy over a natural course are scanty.

In conclusion, illicit use of supraphysiological doses
of androgens for non-medical purposes, including in-
creasing muscular performances, is associated with
several androgen-dependent consequences, such as
acne, gynecomastia and baldness. In addition, due to
the well-known negative feedback on the HPT axis it
is associated with a fall in gonadotrophin levels and
to a reduction in testis size and sperm production. In
fact, T is the cornerstone for all the male contraceptive
preparation. Sexual dysfunctions, often observed upon
doping with androgens, is most probably related to the

unfavorable effect of AAS on blood pressure and lipid
profile recorded in clinical studies and most probably
related to the concomitant abuse of other substances or
to an unhealthy lifestyle.
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