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Abstract Since the 1970s anabolic androgenic steroids
(AAS) have been abused at ever increasing rates in competi-
tive athletics, in recreational sports and in bodybuilding.
Exceedingly high doses are often consumed over long pe-
riods, in particular by bodybuilders, causing acute or chronic
adverse side effects frequently complicated by additional
polypharmacy. This review summarizes side effects on non-
reproductive organs and functions; effects on male and female
reproduction have been recently reviewed in a parallel paper.
Among the most striking AAS side effects are increases in
haematocrit and coagulation causing thromboembolism, intra-
cardiac thrombosis and stroke as well as other cardiac distur-
bances including arrhythmias, cardiomyopathies and possibly
sudden death. 17α-alkylated AAS are liver toxic leading to
cholestasis , pel iosis , adenomas and carcinomas.
Hyperbilirubinaemia can cause cholemic nephrosis and kid-
ney failure. AAS abuse may induce exaggerated self-confi-
dence, reckless behavior, aggressiveness and psychotic symp-
toms. AAS withdrawal may be accompanied by depression
and suicidal intentions. Since AAS abuse is not or only reluc-
tantly admitted physicians should be aware of the multitude of
serious side effects when confronted with unclear symptoms,
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1 Introduction

Anabolic androgenic steroids (AAS) are the most widely used
performance and appearance enhancing drugs (PAED) in
competitive athletics, recreational sports and bodybuilding,
as documented by epidemiologic studies [1] as well as by
positive samples detected in the WADA worldwide anti-
doping network (www.wada.org) [2]. Worldwide AAS are
used—or rather abused—for doping with a lifetime
prevalence rate of 6.4 % in males and 1.6 % in females, the
highest rate being encountered inMiddle Eastern countries, as
discovered within the programme of the World Anti Doping
Agency [3]. The increasing rates of AAS abuse among adults
and in particular in adolescents are alarming, as the growing
organism may be even more susceptible to unwanted side
effects than the adult. AAS are obtained predominantly from
the black market and through the internet and postal services
[4], but healthcare providers are also involved in the
procurement of AAS to a surprisingly high extent [5] and
some states have even, or have had in the past, secret
programmes for providing AAS to their elite athletes. As
AAS abuse is reaching worldwide epidemic dimensions,
untoward side effects—acute and long-term—become more
and more evident and a cause for growing concern by the
medical profession.

Recently a leading German newspaper published a list of 73
former GDR athletes—now in their 40s and 50s—suffering
from ailments attributed to dopingwithAAS during their active
sports career [6]. The most prevalent disorders on the list were

* Eberhard Nieschlag
eberhard.nieschlag@ukmuenster.de

1 Centre of Reproductive Medicine and Andrology, University of
Münster, Münster, Germany

2 Center of Excellence in Genomic Medicine Research, King
Abdulaziz University, Jeddah, Saudi Arabia

3 Centre of Endocrinology, Diabetology and Rheumatology,
Dortmund, Germany

Rev Endocr Metab Disord (2015) 16:199–211
DOI 10.1007/s11154-015-9320-5

http://orcid.org/0000-0002-1403-3298
http://www.wada.org/
http://crossmark.crossref.org/dialog/?doi=10.1007/s11154-015-9320-5&domain=pdf


musculo-skeletal problems (44 %) and depressions (35 %), but
cases of breast cancer and cardiac dysfunction were also re-
corded. This compilation highlights the problem of assessing
the sequelae of doping, because the 73 athletes contributing to
the list are members of the BDoping Victims’ Association^
(BDoping-Opfer-Hilfe e.V.^) representing 700 of the about
10,000 former GDR high-performance athletes involved in
the systematic governmental doping programme based on the
AAS oral turinabol (dehydrochlormethyltestosterone) in the
1970s and 1980s. Thus the 73 of the 700 cases represent a
biased selection of former athletes. Furthermore, there is no
control group consisting of athletes who were free of any dop-
ing so that health effects of high-performance athletes as such
can not be disentangled from possible additional sequelae of
doping. Hence, it remains extremely difficult to assess whether
current diseases are or are not consequences of doping.

This example illustrates the general dilemma when
dealing with sequelae of doping on athletes’ health.
This has various reasons. None of the AAS (nor any
other PAED) has ever been approved by regulatory agen-
cies for the purpose of doping and has therefore never
been subjected to any of the usual regulatory scru-
tinization requiring proper toxicology and randomized
controlled trials (RCT). AAS doses used for doping ex-
ceed clinically applied doses five to 20 or even more
times, doses which would only be used during drug de-
velopment in toxicological animal studies but not in clin-
ical trials. As the use of AAS is illicit, it is unimaginable
to enrol current users in RCTs as they would not admit
AAS use and would reject revealing their identity. In

addition, most AAS users also administer other drugs
simultaneously, often of unknown purity and at unde-
fined doses. This makes it very difficult to establish
any causal relationship between a specific substance
and side effects, as illustrated by a 27-year old Olympic athlete
who died in 1987 from toxic multiple organ failure;
upon autopsy102 drugs were identified in her body,
among others, stanozolol, aspirin, diclofenac, metamizol,
codeine and heparin [7]. Retrospective systematic analy-
ses are also lacking, as again, former consumers do not
come forward, especially if they were champions and
medal winners, except in a few rare cases. Often such
successful users forget what they were taking and at
what doses, or they never knew.

Another critical question is whether the influences of AAS
are the same inmale and female athletes. Except for the typical
sex-dependent effects and side effects [8] it is generally as-
sumed that AAS act similarly in men and women, but this
remains unclear. In addition, the biological and clinical effects
of AAS are dependent on the chemical structure of steroids,
their capability to undergo aromatization to estrogens or 5α-
reduction to 5α-dihydrotestosterone (DHT). A further impor-
tant structural feature is 17α-alkylation of the steroid molecule
which is responsible for hepatotoxicity (see Table 1). For fur-
ther details of the mechanism of action the reader is referred to
pertinent reviews (e.g., [9, 10]).

We have recently reviewed the effects of doping with AAS
on female and male reproductive functions [8] and now sum-
marize the adverse effects of AAS on non-reproductive organs
and functions (Table 2). Our summary of AAS side effects is

Table 1 Androgenic anabolic
steroids (AAS), their major
metabolisation and hepatotoxicity

Aromatization 5α-reduction 17α-alkylation
(hepatotoxic)

Testosterone x x –

19-Nortestosterone x x –

Boldenone x x –

Dihydrotestosterone – x –

Mesterolone – x –

Methenolone – x –

Trenbolone – x –

17α-Methyltestosterone – x x

Fluoxymesterone – x x

Dehydrochloromethyl-testosterone – x x

Formebolone – x x

Oxandrolone – x x

Oxymetholone – x x

Stanozolol

Metandione x x x

Clostebol – – –

Drostanelone – – –
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based on extrapolation from effects observed in patients treat-
ed with AAS and on descriptions of individual cases or groups
of cases, mainly retrospective and hardly ever controlled.

2 Haematopoiesis

Stimulation of haematopoiesis (stem cells, reticulocytes,
erythrocytes, haemoglobin and haematocrit) is one of the im-
portant effects of testosterone and AAS exploited by athletes
for higher performance. The increase of haemoglobin and
haematocrit during puberty in boys results from rising testos-
terone [11] and the higher testosterone levels remain respon-
sible for the differences between eugonadal men and women
life-long. In healthy and hypogonadal men testosterone has a
linear dose-dependent effect on haematopoiesis. Older men
and those with higher BMI react more sensitively to testoster-
one stimulation than younger and leaner men [12, 13]. This
has to be taken into account when treating patients with late-
onset hypogonadism [14]. The haematopoietic effect of tes-
tosterone does not require aromatization, as shown in
aromatase-deficient men [15]. DHT has a similar effect on
haematopoiesis as testosterone itself, indicating that 5α-
reduction does not impair the haematopoietic effect of testos-
terone and other androgens [16]. It remains controversial
whether, in addition to direct stimulation, the haematopoietic
effect of testosterone and AAS is also mediated by erythro-
poietin so that androgens may have two pathways to stimulate
haematopoiesis [17, 18]. Before erythropoietin and its ana-
logues became available for clinical use, testosterone was

Table 2 Summary of sequelae of doping with AAS

Haematopoiesis and coagulation

Erythrocytes

Haemoglobin

Haematocrit

Polycythaemia

Hypercoagulability

Venous thromboembolism

Arterial thromboembolism

Stroke / Apoplexy

Musculo-skeletal system

Premature epiphyseal closure (in adolescents)

Rhabdomyolysis

Tendon ruptures (?)

Ligamentous injuries

Disc herniation

Cardiovascular system

HDL ↓ LDL ↑, ApoA1 ↓

Coronary heart disease

Myocardial infarction

Hypertension (?)

Abnormal ECG (QRS>114 ms)

Arrhythmia

Left ventricular hypertrophy

Hypertrophic cardiomyopathy

Dilative cardiomyopathy

Heart failure

Sudden cardiac death

Liver

Cholestasis /Hyperbilirubinaemia

Steatosis

Peliosis

Adenomas

Hepatocellular carcinoma

Liver coma

Kidney

Creatinine ↑, cystatin c ↑

Glomerulosclerosis

Cholemic nephrosis

Renal failure

Psyche and behavior

Irritability

Nervousness, unrest

Aggressiveness

Reckless behavior

Self-aggressiveness

AAS dependence

AAS withdrawal syndrome

Depression

Suicide thoughts

Table 2 (continued)

Skina

Acne
Striae distensae
Profuse sweating
Alopecia
Hirsutism

Male reproductive functionsa

Decreased testis volume
Suppressed spermatogenesis
Infertility
Loss of libido
Erectile dysfunction
Gynaecomastia
Anabolic steroid induced

Hypogonadism (ASIH)
Female reproductive functionsa

Anovulation
Amenorrhoea
Dysmenorrhoea
Infertility
Breast atrophy
Dysphonia
Deepening of voice

a These effects have been described by Nieschlag & Vorona [8]
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widely used for the treatment of aplastic and nephrotic
anaemia.

Androgens not only stimulate haematopoiesis, but also in-
crease 2,3-diphosphoglycerat in erythrocytes which decreases
the haemoglobin-oxygen affinity, thereby facilitating release
of oxygen from haemoglobin and enhanced oxygen delivery
to the tissues [9]. Androgens also appear to stimulate
granulopoiesis and thrombopoiesis in vitro and in vivo [19,
20].

Testosterone can increase the activity of thromboxanA2-
receptors and thrombocyte aggregation and thereby also the
risk of thrombosis. Simultaneously the activity of the fibrino-
lytic system rises, in particular of antithrombin III and of pro-
tein S [21, 22]. Levels of plasmin-α2-antiplasmin-complex
(PAP, terminal marker of fibrinolysis), of factor XIIc and of
antithrombin sank significantly in hypogonadal men who re-
ceived testosterone undecanoate as depot injections for substi-
tution [23]. Short-term, low-dose administration of the AAS
oxandrolone to healthy volunteers led to an increase in blood
coagulation factors and plasminogen, producing a state of
hypercoagulability [24].

High doses of ASS as used in doping cause a significant
increase of erythrocytes und haemoglobin concentration [25,
26] which constitutes part of the intended effects as it in-
creases oxygen transport. However, increases in the
haematocrit above 52 % may lead to thromboembolism
(VTE), intracardiac thrombosis and stroke [27–29]. Stroke
may be associated with left ventricular thrombus and cardio-
myopathy [30] or with fatal massive myocardial infarction
[31] (see also Table 3). To what extent the AR polymorphism
that modifies the erythropoiesis-stimulating effect of testoster-
one in substituted patients is of influence in athletes is not
known [13].

3 Musculo-skeletal system

The main reason for AAS abuse for enhancing performance
and appearance in sports and bodybuilding rests in their
haematopoietic and musculotrophic effects. Whereas AAS
abuse has been booming since the 1970s, the medical profes-
sion remained convinced that the muscle-building effect was
rather a placebo than a real effect of AAS, as reflected in a
review of all relevant publications between 1966 and 1990
[43]. However, research studies so far had only investigated
clinical doses, incomparable with the AAS doses used in
sports and bodybuilding. Only since the late 1990s were trials
with supraphysiological doses—mainly of testosterone—per-
formed, and the significant increases in skeletal muscle mass
and voluntary strength produced by AAS were scientifically
documented [44, 45].

Today there is general agreement that the anabolic effect on
skeletal muscle is mediated through the androgen receptor

(AR) by inducing hypertrophy of muscle fibres of type I as
well as type II, and by an increase in the number of myonuclei
and capillaries per fibre [46]. These effects are mediated by
stimulation of muscle protein synthesis, of the GH/IGF-1 axis
and mesenchymal muscle progenitor cells [45]. As with other
androgen effects, muscle mass is determined by the polymor-
phism of the AR (shorter CAG repeats in exon 1 are associ-
ated with higher muscle mass) under physiologic conditions
[47] and most likely this also plays a role in the response to
supraphysiological doses of AAS. There are also ethnic dif-
ferences in the AR polymorphism as Sub-Saharan Africans
have shorter CAG repeats than Caucasians and East Asians
[48, 49]. How this may contribute to differences in perfor-
mance and in response to AAS is not known. Experiments
in mice suggest that once muscle fibres are exposed to high
AAS doses, they respond faster to further treatment even after
a drug-free interval. This cellular memory appears to be locat-
ed in the myonuclei which do not diminish in number after
cessation of AAS intake [50].

Testosterone supports periost formation, radial bone
growth and areal bone density. This explains the larger
cross-section size of male compared to female bones. The
action of testosterone on bones is mediated by the AR and
by estrogens converted from testosterone through the
RANKL-OPG-System by stimulation of osteoblasts and sup-
pression of osteoclasts [51, 52]. AAS that cannot be aroma-
tized may therefore have little effect on bones. AAS given to
athletes in childhood or adolescence cause an acceleration of
bone maturation. At the end of puberty, activation of endo-
chondral bone formation leads to closure of the epiphyseal
growth zones with growth retardation [28, 53, 54] so that early
administration of testosterone or AAS may lead to growth
arrest below the expected height.

Athletes often strain their musculo-skeletal system acutely
and to an extreme extent over long periods, resulting in a high
incidence of complaints, injuries and disorders in joints, ten-
dons, bones and muscles. Individual sport categories have
their specific pattern of injuries. These may become chronic
so that the former athlete suffers long after discontinuing high-
performance sports—and AAS abuse. There are, however, no
appropriate investigations documenting a negative impact of
AAS on the musculo-skeletal system and it is even suspected
that AAS could possibly prevent more severe damage. It is
also unclear whether the increased bone mass may prevent
fractures as long as AAS are consumed as well as in later life.
At least, no reports can be found that AAS abusing athletes/
bodybuilders have higher or lower rates of osteoporosis (in
advanced age) or bone fracture rates than Bclean^ athletes.

However, under acute intake of AAS rhabdomyolysis has
been observed [55], with acute renal failure as a possible com-
plication (see below under BKidney^). The growth in muscle
mass and power under AAS appears not to be paralleled by an
equal increase in tendon strength as AAS abusers are supposed
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to experience a higher rate of tendon ruptures [56]. This im-
pression is based on single observations and a controlled inves-
tigation is not available. In fact, a self-reported survey of 2552
former US football players revealed that there was no associa-
tion between AAS abuse and tendon as well as muscle injuries,
while a higher rate of disc herniations, knee ligamentous and
meniscal, elbow, spine and foot/ankle injuries was reported in
AAS abusers. However, the authors caution against causal con-
clusions since the players often took AAS after an injury for
faster recovery and the survey does not provide clues when the
AAS were taken [57]. Frequent intramuscular injections of
AAS may lead to local reactions such as myositis ossificans,
a form of heterotopic ossification [58].

4 Cardiovascular system

During the last two decades testosterone has undergone a
metamorphosis from a risk factor for cardiovascular diseases
to a cardio-protective agent [59–61]. However, this applies to
testosterone in the physiological range and to substitution in
hypogonadal men. This is certainly different when excessive
AAS doses are applied.

High doses of AAS, especially in cases of simultaneous
consumption of several different preparations, can cause re-
duction of the HDL (high-density lipoprotein) fraction of cho-
lesterol and increase of LDL (low-density-lipoprotein) choles-
terol [62–65], as well as a decrease of apolipoprotein A1 [66].
These effects on lipoprotein levels can be noted approximately
2 months after the beginning of ASS abuse. Only several
months after discontinuation of AAS administration does the
lipid status return to normal [67]. After long-standing, high-
dose AAS abuse atherosclerosis and consequential coronary
heart disease, cerebral vessel disease or peripheral arterial ob-
structive disease can develop.

Whether AAS abuse causes arterial hypertension has not
been definitely clarified. In some cases AAS abuse led to an
elevation of blood pressure [68], which can persist up to 1 year
after discontinuation of drug intake [69]. Some AAS in high
doses cause water retention which may be associated with
high blood pressure.

Long-term AAS abusers have an altered electrophysiolog-
ical capacity of the myocardium with a significantly higher
incidence of abnormal post-exercise electrocardiograms (e.g.,
extension of QRS-complex >114 ms, arrhythmias, including
atrial fibrillation, ventricular fibrillation, ventricular tachycar-
dia, supraventricular and ventricular ectopic beats) compared
with controls [68, 70]. Compared to non-AAS abusers, chron-
ic consumption of supraphysiological AAS doses by body-
builders increased inter-atrial and intra-atrial electromechani-
cal delay, as well as prolonged repolarization dispersion with
significantly increased Tp-e interval, Tp-e/QT ratio and Tp-e/
QTc ratio- [71, 72].

AAS can often cause concentric left ventricular myocardial
hypertrophy whose extent seems to be dose-related [73, 74]
and may also depend on the AR polymorphism as in normal
men: shorter CAG repeats are associated with higher maximal
left ventricular wall thickness [75]. It has been shown that
AAS exert a long-standing hypertrophic effect on the myocar-
dium. There are no significant differences between current and
previous AAS abusers [34, 76, 77]. An affected diastolic func-
tion of the left ventricle serves as a criterion for differentiation
between physiologic, training-induced hypertrophy and a
pathologic myocardium [63, 71, 78].

The athlete’s heart is characterized by moderate proportional
myocardial hypertrophy without functional limitations.
Pathologic left ventricular myocardial hypertrophy, developing
under AAS intake is often associated with a reduction of the
ejection fraction of the left ventricle, as well as a restricted dia-
stolic function of the affected heart chamber, probably caused by
increasing myocardial fibrosis [79]. The second diagnostic crite-
rion is the thickness of the left ventricular myocardium seen on
echocardiography. A heart chamber wall thickness of more than
13 mm is suspicious of pathologic myocardial hypertrophy or
AAS misuse [63, 73]. A left ventricular hypertrophy can persist
on echocardiography several years after AAS withdrawal [68].
In a cardiac Magnetic Resonance Imaging (MRI) assisted study
not only an increase of the LVwall mass, but alsomajor volumes
of both heart ventricles were described [79]. Myocardial scarring
with severe left ventricular hypertrophy can occur in patients
with normal coronary arteries after AAS abuse [80], potentially
due to an apoptotic testosterone effect on cardiomyocytes, as
shown in cell culture studies [81].

Even if the myocardial hypertrophy should regress, impaired
diastolic function of the left ventricle and the decreased inotropic
capacity of the myocardium may persist [10]. In case of acute
advanced heart failure due to AAS abuse a maximal improve-
ment in left ventricular ejection fraction was reached within
6 months after discontinuation of ASS intake and the beginning
of treatment with angiotensin converting enzyme (ACE) inhibi-
tors and beta-blockers. In severe cases a left ventricular assist
device and a heart transplantation were required [82].

Uncontrolled AAS abuse by apparently healthy young ath-
letes can cause a significantly increased incidence of cardiac
death. This concerns mainly powerlifters and bodybuilders tak-
ing very high AAS doses, often in combination with other
drugs. In his dissertation Kistler [36] describes effects of
AAS-abuse on the human organism, based on autopsy data of
ten young bodybuilders (mean age 33.7 years) who took com-
binations of AAS and other drugs to enhance appearance and
performance (Table 3). In four cases the cause of death was
acute cardiac dysfunction. In all ten cases the mean heart
weight of 517 g was significantly higher than the mean phys-
iological heart weight. Furthermore, in all cases chronic ische-
mic changes of the myocardium were found histologically. It is
also notable that in almost all cases arteriosclerosis of the
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coronary vessels and atheromatosis of the arteria carotis and
aorta were found, despite the relatively young age of the
athletes.

Some cases of dilative cardiomyopathy (DCM) have been
described in young bodybuilders during intake of AAS
(Table 3). In all cases there was uncontrolled high-dose AAS
abuse, particularly in combination with other drugs [32, 34,
35] (Table 3). In cases with a genetic disposition for dilative
cardiomyopathy using AAS it becomes specifically difficult
to disentangle causal relationships (e.g., [83]). It has been
suggested that up to 50 % of DCM cases show a familial
accumulation and diverse genetic background [84]. In most
cases the inheritance is autosomal-dominant, rarely X-
chromosomal or autosomal-recessive. Because the probability
of manifestation and gene expression have a high variability,
some other predictive and environmental factors (e.g., viral
infections or stress) can also be responsible for the develop-
ment of cardiomyopathy [85].

5 Liver

Changes of liver structure and function have been described,
mainly in cases of chronic abuse of the 17α-alkylated AAS,
e.g., methyltestosterone, methandrostenolone, oxandrolone,
oxymetholone, stanozolol [10, 86]. (Table 2) Because of their
liver toxicity 17α-alkylated androgenic steroids have been con-
sidered obsolete for clinical use for decades (at least in Europe)
[86], but continue to be available illegally for doping purposes.
They may even be hidden undeclared in dietary food supple-
ments, as revealed by two cases of severe hepatotoxicity fol-
lowing consumption of the supplement BCeltic Dragon^ con-
taining 2α-17α-dimethyl-etiocholan-3-one,17β-ol [87].

AAS play a key role in the development of steatosis
hepatis, inhibiting the normal process of steroid metabolism
and leading to cholesterol storage [10]. An increase of trans-
aminases (aspartate aminotransferase ASTand alanine amino-
transferase ALT) is mostly reversible and several weeks after
discontinuation of AAS normal ranges are achieved [65, 88].

As a direct toxic effect on hepatocytes with ultrastructural
cell damage, oxidative stress leading to increased ROS (reac-
tive oxygen species) production could play a role in the hepa-
totoxicity of 17α-alkylated AAS. Hepatotoxicity caused by
AAS is characterized by high bilirubin levels and causes pro-
nounced jaundice, but only moderately increased AST and
ALT [89]. Changes often observed are intrahepatic cholestasis,
peliosis hepatis (lacunar blood-filled cavities, which come from
central veins or from focal necrosis of hepatocytes) and prolif-
erative changes of the liver structure such as focal-nodular hy-
perplasia and liver adenomas [53, 86, 90–92]. The appearance
of adenomasmay be noted as early as 6months or as long as 15
and more years of AAS abuse, as described in two cases by
Socas et al. [92]. Both bodybuilders had taken five different

AAS in high doses, among these stanozolol and oxymetholone.
After stopping AAS intake the sonographically detected ade-
nomas disappeared slowly and without surgical intervention
despite considerable initial size.

Other cases take a more severe course, when the adenomas
turn into liver carcinomas [93] and the AAS abusers die in
liver coma, unless they have a chance for curative surgery or
liver transplantation. This is illustrated by two recently pub-
lished cases: a 39- year old professional bodybuilder had taken
11 (!) AAS in high doses for the last 5 years, among them four
17α-alkylated steroids. A sizable hepatocellular carcinoma
could be removed by laparoscopic surgery and the patient
had survived for at least 2 years when the publication ap-
peared [94]. The second case is a 29- year old bodybuilder
who had taken cycles of five AAS including stanozolol and
methandienone at high doses over 2 years. In addition, he self-
administered diuretics (aldosterone antagonists and thiazide
for better muscle profiling) as well as human growth hormone,
insulin and tamoxifen. He developed a hepatocellular carcino-
ma and was saved by liver transplantation; the explanted liver
showed a mass of 8 kg (<2 kg normal), the tissue was AR
positive. At the time of publication he had survived for
27 months [95]. The latter case also demonstrates the difficul-
ty in establishing a possible causal relationship between the
liver carcinoma and a specific hormone/agent consumed by
the bodybuilder. This polypharmacy raises the same problem
as with other disease entities diagnosed in AAS abusers.

6 Kidney

Testosterone and other AAS have been used in the past for over
25 years for anaemia treatment in patients with chronic kidney
insufficiency before erythropoietin became available for clini-
cal use. The doses used were in the normal clinical range and
far below those in AAS abuse. The general condition and the
serum parameters of the malnourished patients with chronic
renal failure improved due to reduction of catabolism [96].

Renal disorders have been described mostly after long-term
AAS use and range from a slight increase of serum creatinine to
acute renal failure as a complication of rhabdomyolysis or liver
damage. In addition to creatinine, cystatin c and cystatin c clear-
ance should be used to assess renal function in athletes as ele-
vated creatinine may be due to higher muscle mass and not
necessarily a sign of renal function impairment. AAS-induced
kidney damagemay occur as a consequence of liver damage and
toxic bilirubin concentrations, known as bile acid nephropathy or
cholemic nephrosis [97]. Kidneys can also be affected as part of
a multiple organ dysfunction syndrome [98, 99].

Histologically focal segmental glomerulosclerosis with tu-
bular atrophy and interstitial fibrosis can be found with long-
term abuse [10]. Mild forms of renal dysfunction with eleva-
tion of serum creatinine and cystatin c clearance, blood urine
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nitrogen and uric acid without sclerotic/fibrotic morphological
changes often return to normal ranges after discontinuation of
AAS [10]. It has been hypothesized that the inter-individual
differences concerning the grade of side effects depend on the
genetically programmed function of the uridine diphosphate-
glucuronosyltransferase (UGT) enzymes, which provide
glucuronidation of steroids, the first phase of the deactivation
and elimination pathway of AAS [100]. In-vivo measure of
the UGT 1B17-activity revealed that low UGT2B17 ac-
tivity, as a result of a UGT 2B17-deletion, was strongly
associated with lower body-mass-index (BMI) in males,
probably as a consequence of higher serum testosterone
concentrations [101].

7 Psyche and behaviour

A number of studies have shown that AAS abusers may de-
velop maniac or hypomaniac behaviour characterized by irri-
tability, aggressiveness, exaggerated self-confidence, hyper-
activity and psychotic symptoms (for review 1). This is pri-
marily the case when very high AAS doses in the range of or
equivalent to 500 to 1000 mg testosterone enanthate per week
are consumed. As an anonymous self-administered question-
naire revealed, 60 % of the 500 bodybuilders and athletes
surveyed indeed administered such doses—often in combina-
tion with further drugs [102].

Although the ignorance about deleterious side effects of
AAS and other PAEDs is often surprising, it is common
knowledge that any effective drugs also have negative effects,
especially when taken at high doses over prolonged periods.
Thus the athlete is torn between the desire for record achieve-
ments and the fear of unwanted side effects of AAS. Hence it
is likely that persons subjecting themselves to such dangerous
regimens are already predisposed to irrational actions before
AAS abuse [103]. Dissatisfaction with the body (e.g., muscle
dysmorphia and dysphoria) seems to be common in males
using AAS [104], similar to males with eating disorders.
Both groups have serious psychiatric symptoms such as anx-
iety, depression, obsessive-compulsive behaviour and inter-
personal sensitivity and may be suicidal, but differ regarding
self-image: the eating disorder group had lower scores for self-
emancipation and active self-love and higher scores for self-
blame and self-hate than former AAS abusers. There are no
differences between these two groups concerning psychiatric
symptoms [105]. Among 17,200 US adolescent boys lifetime
prevalence for AAS abuse was 5 times higher (21 vs. 4 %) in
the 635 homosexual than in the heterosexual boys. The ho-
mosexual adolescents showed a higher incidence of depres-
sive symptoms/suicidality, substance use and victimization,
but it could not be clarified whether these symptoms were
precursors or outcomes of AAS abuse [106].

As with other drug addictions (amphetamines, hallucino-
gens, narcotics) AAS abuse may lead to neurotoxicity and
cause encephalopathy, as evidenced by an altered mental state
with memory loss and cognitive problems [107, 108].

AAS withdrawal may also be accompanied by depression
or depressive symptoms such as depressed mood, loss of in-
terest, loss of libido, sleep disturbances and suicidal intentions
[1, 10]. In some former AAS abusers depression, anxiety and
melancholy may persist for many years at a rate above non-
abusers, as a 30-year follow-up among 683 Swedish power
sport athletes revealed [109]. As many as 30 % of AAS
abusers may develop AAS dependence, often combined with
alcohol and other drug addictions [88, 110–112]. At least three
etiologic mechanisms may lead to AAS dependence: body
image disorders such as Bmuscle dysmorphia^, an experience
of dysphory or depression after attempting to discontinue mis-
use, and possible hedonic effects of AAS [110]. A survey
among 10,365 Swedish men showed a 5 times higher rate of
conviction for violent crime in AAS abusers than in non-
abusers, however, this rate was not higher than in other
polysubstance abusers, indicating that the predisposed person-
ality may be more important than AAS abuse as such [112].
Among forensic investigations in the cause of death among 34
AAS abusers there were 9 victims of homicide and 11 had
committed suicide, highlighting the high incidence of aggres-
sive behaviour or depression [113].

8 Conclusion

The foregoing description of the multiple adverse medical
consequences of doping with AAS—some reversible, some
irreversible—causing chronic illness and even death—dem-
onstrates the dangers arising from abuse of very effective sub-
stances. The physician needs to be aware of these defects
when confrontedwith the afflicted patient whowill not or only
reluctantly confess to his doping practice. In order to be aware
of the multiple hormones and drugs used for doping the an-
nually updated WADA BProhibited List^ (www.wada-ama.
org) should be consulted as a reference.

Knowing the deleterious side effects the medical profes-
sion, together with sports organizations, should not only treat,
but also warn and teach especially young athletes about the
possible medical consequences [1, 114]. Hence, WADA and
its worldwide network of doping controls has not only the task
to prevent cheating and guarantee fair play and equal chances
in competitive sports, but also to protect athletes from self-
inflicted health problems arising from AAS abuse. In order to
fulfil this task constant renewal of the methodology for detect-
ing low doses of AAS and new substances is required [115].
While the health risks may be reduced by new forms of
micro-doping, new forms of detecting fraud by the athlete
need to be implemented [116] and existing technology
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needs to be refined constantly [115]. Further health risks,
mostly still unknown, arise from gene doping [117]. And
the medical profession will continue to struggle with the
adverse effects of doping as long as athletes want to win
competitions and as long as the Olympic motto continues
to read BCitius, altius, fortius^.
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