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Abstract

Introduction and purpose: Anabolic-androgenic steroids (AAS) abuse is a common practice
among professional as well as recreational athletes. The prevalence of this phenomenon seems
to be continuously escalating, too. Even though AAS abuse may provide a desirable
haematopoietic and musculotrophic effect, it causes a wide variety of local and systemic side
effects. This review aims to demonstrate the AAS induced hepatotoxicity, it is based on the
medical literature from the last 10 years.

Brief description of the state of knowledge: Orally administered 17-a-alkylated steroids are
considered to be the most hepatotoxic. They increase the number of reactive oxygen species
(ROS) which directly injure the liver tissue. It may be manifested as an elevation of liver
enzymes, peliosis hepatis or distinctive acute cholestasis. Furthermore, ASS abuse for a
prolonged period of time may induce the growth of hepatocellular adenoma and
hepatocellular cancer. Moreover, AAS intake can lead to liver enlargement, development of
toxicant-associated fatty liver disease (TAFLD) and increase the risk of HCV and HBV
infection.
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Conclusions: The collaboration of scientists, doctors, sports associations and governments is
substantial. Introduction of innovative AAS detection methods and enforcement of stricter
anti-doping law may contribute to prevention of health consequences resulting from AAS
abuse among athletes.
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1. Introduction and purpose:

Anabolic-androgenic steroids (AAS) abuse is a common practice among professional
as well as recreational athletes. The prevalence of this phenomenon seems to be continuously
escalating, too[43]. The World Anti-Doping Agency (WADA) reports that the number of
samples collected from athletes is annually increasing. Bodybuilding, athletics, cycling and
weightlifting are characterized by the highest use of AAS and other doping substances [1-4].
AAS are used as doping substances in significantly higher doses than the clinical ones
[5,9,11,13], sometimes without maintaining a proper cyclic pattern of intake [39]. Even
though AAS abuse may provide a desirable haematopoietic and musculotrophic effect [5], it
causes significant damage to a reproductive system[6], cardiovascular system, liver, kidneys,
muscles and psyche [5,12]. Furthermore, frequent AAS intramuscular injections can lead to
local adverse effects such as fibrodysplasia ossificans [7]. It seems that some of the athletes
are not aware of health consequences attributed to inappropriate AAS intake [19]. They are
also reluctant to admit to AAS abuse which may cause a serious diagnostic challenge [5,11].
It turns out that some of the dietary supplements and herbal products contain AAS without an
indication on the etiquettes, which leads to an unintentional intake [8-11, 13]. Moreover,
multiple athletes take AAS in different forms together with other substances to increase
effectiveness or diminish the side effects, which leads to polypragmasie [5,8,12,39-41,44].
This review aims to demonstrate the AAS induced hepatotoxicity, it is based on the medical
literature from the last 10 years.

2. State of knowledge:
2.1 Hepatotoxity of steroids

AAS are synthetic derivatives of testosterone. Testosterone is a natural steroid
hormone that can be found in a male body and in a female body but in the lower quantity. In
order to reduce the undesirable androgenic effect and increase the bioavailability of the oral
AAS, new synthetic derivatives of testosterone have been investigated since the discovery of
testosterone in 1935 [14]. There are two main groups of testosterone derivatives:
a) modificated by esterification of the 17-p -hydroxyl group (testosterone cypionate, enanthate
and propionate) — characterized by a higher potency and a longer duration of action [8, 13],
they have to be administered intravenously [15];
b) modificated by 17-a-alkylation — they can be administered orally, but due to decreased
hepatic metabolism they seem to be more hepatotoxic [8,13,15]. This group includes:
methyltestosterone, methandrostenolone, oxymetholone, danazol, epistane, fluoxymesterone,
stanozolol, norethandrolone and oxandrolone [8].
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C-17-a alkylated androgenic steroids are responsible for most of the hepatotoxic adverse
effects: elevated liver enzymes, cholestatic jaundice, peliosis hepatis, hepatic adenoma and
hepatocellular carcinoma [11]. 17-B- hydroxy esters are undoubtedly less hepatotoxic, but a
prolonged use can induce nodular transformation or a tumour growth [8, 13]. Nortestosterone
(nandrolone) consists of another modification - 19-demethylation [8].

Unfortunately, C-17a-alkylated steroids abuse is the most common among athletes trying to
increase their muscle mass and performance [13]. Researchers have noticed a major escalation
of AAS induced hepatic diseases in the last two decades[9]. The mechanism of hepatotoxicity
is still unclear. Nevertheless, it is most likely an effect of an oxidative stress inside the hepatic
cells [17,18]. Carnitine palmitoyltransferase | (CPTI), a rate-limiting enzyme of mitochondrial
fatty acids p-oxidation, may be responsible for enlarging the number of reactive oxygen
species (ROS) [14]. By activating androgen receptors (ARs), AAS can boost the CPT1
activity. It leads to an increased mitochondrial fatty acids B-oxidation and production of ROS
[14].

2.2 Types of liver injury
Anabolic steroids and hepatic volume

AAS, likewise testosterone, may cause dose-related increase in the hepatic volume. It
complies with the research performed on the animals and the fact that male liver is
statistically larger than a female one [23].

Elevated liver enzymes

The injury of hepatic cells causes an elevation of enzymes such as: aspartate
aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyl transpeptidase
(GGT), alkaline phosphatase (AP) and lactate dehydrogenase (LDH) [8,13,33]. Steroid
hormones abuse usually causes an increased hepatic hormones quantities in blood plasma.
Generally, AST and ALT levels do not exceed the 2-3 times the upper limit normal, they are
symptompless and self limiting [13,22,32,33]. Elevated liver enzymes are typical for danazol
and oxymetholone abuse [13]. The levels of aminotransferases normalise after a few weeks of
steroid withdrawal [20,21,32]. Intensive training may cause a creatine kinase (CK) and AST
elevation, however it does not increase the GGTP level [8]. Even among people who do not
abuse ASS, an increased AST and ALP values may be a rhabdomyolysis symptom, especially
when CK is increased, too [12]. Assessment of the liver function and ASS induced
hepatotoxicity based merely on the liver enzymes levels can be misleading and cause an
overestimation of a problem [8,12].

Acute cholestatic syndrome

Acute cholestatic syndrome is a very common injury caused by AAS abuse [13,32,43].
It should be considered even when a patient does not admit to take AAS or reports
administration of herbal products or dietary supplements that do not have AAS listed on the
label [24,25]. The incidence of acute cholestasis is equal to about 1% among patients abusing
AAS such as: methyltestosterone, danazol, stanozolol or oxymetholone and it seems to be
dose-related [11,13]. The injury of the liver usually occurs after 1-4 months of AAS use, but it
may be delayed up to 6-24 months [24,26].
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Animal research indicates that this injury, caused by C-17a alkylated androgenic steroids,
may be an effect of disrupted intrahepatic microfilaments and diminished number of bile salt
transporter proteins [9,11]. Liver cholestasis is rare in patients taking unmodified testosterone
orally or subcutaneously [13,26]. Nonetheless, one case of such a patient has been published
[31]. The beginning of the cholestatic liver injury manifestation is deceptive, patients suffer
from nausea, fatigue and itching followed by dark urine and jaundice [8,26,32].
Hyperbilirubinemia is accompanied by an insignificant elevation of aminotransferases. AP
level may be normal or just slightly increased at first, but it gradually escalates later on.
GGTP usually stays unaffected [9,32]. Pathological examination of biopsy material often
reveals a cholestasis with slight inflammation and hepatic cells necrosis [9,24]. In most cases
acute cholestasis is temporary and declines after AAS withdrawal. However, occasionally it
may prolong or turn into more severe form [9,26,32]. Sporadically, severe cholestasis is
followed by an acute renal injury that may even demand renal replacement therapy [28,
29,43]. Cholestyramine, ursodiol and antihistamine drugs (which alleviate the itching) are
used in the treatment of cholestasis but they do not seem to lessen the liver damage or
accelerate the regeneration process [26, 27]. Even though steroid hormones should not be
applied in the acute cholestasis treatment, one case study of a patient successfully treated with
modest doses of steroid hormones has been published [30].

Peliosis Hepatis

Long-term AAS abuse may induce an uncommon vascular condition called peliosis
hepatis. It was discovered in 1952, but the pathological mechanism remains unknown [11,15].
It is characterised by enlarged hepatic sinuses and cysts filled with blood, that are either
singular or multiple and disseminated throughout the liver [8,11,13]. It is most often
accompanied by sinusoidal dilatation and loss of the regular endothelial barrier [8,13]. The
liver may be enlarged, deep red in color and fragile [8,11,13]. Peliosis hepatis is usually found
in patients with severe and devastating diseases such as cancer. However it may also occur in
patients undergoing a prolonged steroid drugs treatment for aplastic anemia, people with
hypogonadism as well as athletes abusing ASS to enhance their sports performance [11,13].
Peliosis hepatis is usually symptomless, sometimes patients may experience discomfort
localised in the right upper quadrant of stomach with a palpable enlargement of liver [8,13].
Most frequently the liver enzymes are not elevated [13]. Sporadically patients may suffer
from acute stomach pain and hypovolemic shock as a symptom of liver laceration with
formation hemoperitoneum, a potentially lethal condition [34]. Treatment of peliosis hepatis
is only symptomatic. The regression of cysts is possible after AAS withdrawal [8]. Peliosis
may influence other organs, such as a spleen, too [13,15].

Hepatic Tumors

AAS intake may lead to rare but dangerous adverse effects, such as hepatocellular
adenomas (HCA) and hepatocellular cancer (HCC) (firstly reported in the 1950s) [5, 11].
These tumours are usually developed by patients using AAS for a prolonged period of time
because of medical conditions such as aplastic anemia, hypogonadism or gender identity
disorder [8,13,38] as well as athletes abusing AAS as a doping substance [8, 13].
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It usually takes about a few years of AAS abuse for a tumour to develop, nonetheless more
rapid growth has been reported, too [8, 11,13]. Patients suffering from other risk factors such
as Fancony’s anemia or chronic B/C hepatitis are more susceptible to tumour formation
[11,13]. HCA and HCC can be induced by both oral and parenteral AAS administration [11].
However, it seems that 17-a- alkylated steroids are the most tumorigenic [8]. The risk of
cancer development is possibly linked to the cumulative dose of a substance and its potency
[15]. HCCs, HCAs and hepatocellular adenomas with malignant transformation zones [8,13]
may be difficult to distinguish during the pathological examination [38,40]. The cases of
cholangiocarcinoma and angiosarcoma among AAS users have been described in the
literature, too [8,13]. HCAs are benign liver tumours, commonly induced by oral
contraceptives used by young women [38], sometimes by AAS abuse, as well [8,15]. B-
catenin mutation, tumour diameter >5cm and male sex are risk factors [8] for malignant
transformation of HCAs. It is uncommon [11] and occurs in about 4.5% to 9% of all cases.
4.2% of HCA will have actual foci of HCC [8]. It seems that AAS usually induces formation
of multiple adenomas rather than one [37-40]. HCA may rupture which can lead to life-
threatening hemorrhagic shock and hemoperitoneum, demanding an urgent surgical
intervention [8, 11,37,39]. That is why a biopsy of HCASs should be performed under extreme
caution or should not be done at all [37]. HCC is hardly ever induced by AAS abuse [40]. It
appears that it is linked to a better prognosis than HCC caused by hepatitis C, B or cirrhosis
hepatis [8,13,40,41]. The symptoms of liver tumours are: sensation of pain and palpable
masses in the right upper quadrant of the stomach, radiological evidence of a tumour
[8,13,37,41], occasionally followed by cholestasis [37,42]. As long as there are neither
additional liver injuries nor tumour related emergencies, the hepatic enzymes and o-
fetoprotein levels are not elevated [8,13, 37,41]. While establishing a treatment strategy it is
important to keep in mind that HCAs (especially when detected early) may undergo a
spontaneous regression [5,8,11,37,39]. Progression of HCAs as well as their recurrence have
been reported in patients who did not withdraw AAS [8].

Other forms of liver injury

Toxicant-associated fatty liver disease (TAFLD) may be caused by AAS abuse
[5,35,36]. The mechanism is still unrecognized, however the direct toxic influence of AAS is
suspected [35,36]. Moreover, the intravenous injections of ASS may increase the risk of HCV
and HBV infection [8].

Conclusions

AAS abuse without neither medical indications nor a doctor consultation constitutes a
major problem. It affects mostly young men who try to enhance their sport performance and
improve their appearance. The magnitude of this phenomenon and the number of related side
effects (e.g. hepatotoxicity) seems to be increasing in the last decades. Reckless use of AAS
can cause a temporary liver dysfunction, cholestasis, peliosis hepatis or even liver tumours
growth. It may also seriously damage the reproductive system, cardiovascular system,
kidneys, muscles, skin and psyche. In some cases it may lead to a patient's death. Doctors,
especially ones specialized in sports medicine, should be aware of the AAS abuse problem
and be familiar with the list of prohibited substances.
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Moreover, they should know the symptoms of AAS abuse and correlated side effects .
Introduction of innovative diagnostic procedures as well as the extensive efforts of both
national and international anti-doping agencies are required to enhance the methods of anti-
doping control. The problem of AAS abuse among recreational athletes should be addressed,
too. Finally, sport associations together with individual countries' governments should aspire
to tighten up the regulations. They should also consistently punish the deliberate abuse of
AAS and other doping substances in order to diminish the problem and related health
consequences.
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