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A B S T R A C T   

Background: A growing number of athletes are using synthetic anabolic–androgenic steroids (AAS), comprised of 
testosterone and other derivatives, to enhance athletic performance and muscle mass. Over the years, numerous 
reports elucidated the side effects of the illegal use of AAS, such as infertility, and liver disorders. The effect of 
AAS on the hepatic and reproductive systems in Saudi athletes has not yet been studied. Therefore, this study 
examined the liver function and sex hormone parameters of AAS users as compared to non-users. 
Methods: Fasting blood samples were collected from 16 male Saudi athletes, 10 AAS-users (cases) and 6 non-users 
(controls) to measure liver function tests (ALT, AST, GGT, ALP, total protein, albumin, direct and total bilirubin) 
and muscle enzymes (CK, LDH), Fertility hormones (LH, FSH, total testosterone, estradiol, and prolactin) were 
included also. Furthermore, a self-reported questionnaire was obtained to identify the type of AAS used, the 
dosage, and the length of the course before sample collection. 
Results: The results show a statistically significant increase in ALT (P < 0.001), AST (P < 0.001), CK (P < 0.05), 
and a significant decrease (P < 0.05) in albumin (P < 0.001) and total bilirubin levels (P < 0.01) in AAS-users. 
Total testosterone increased significantly among AAS (P < 0.05), along with a significant decrease in LH (P < 
0.01), and FSH (P < 0.001) levels, while serum prolactin and estradiol levels were significantly increased (P < 
0.05). 
Conclusion: AAS can enhance physical performance and appearance, its potential adverse effects on the hepatic 
and reproductive systems necessitate careful consideration. Our research demonstrates an increase in the liver- 
specific enzyme ALT in AAS users relative to non-users and the possibility that short-term AAS usage increases 
the risk of liver injury.   

1. Introduction 

Testosterone was discovered in 1932 and has been used medically 
since the mid to early 1940 s for post-surgery or trauma (Basaria, 
Wahlstrom & Dobs, 2001). In World War II, Germany used synthetic 
derivatives of testosterone to increase the endurance and aggressiveness 
of soldiers (Mottram & George, 2000). During the 1950′s Olympic 
games, Russian athletes used performance-enhancing drugs derived 
from testosterone for the first time, and by the 1970 s, two-thirds of 
Olympic runners were using them (Loughton & Ruhling, 1977). So 
recreational use of AAS started to increase in the mid-1950 s among 

athletes, weightlifters and bodybuilders. By the 1960 s, athletes in a 
variety of Olympic sports were using AAS, making them more popular 
and their availability more widespread. Then, in the early 1980′s, AAS 
had become a recreational drug used by athletes to improve their 
muscular composition and body image. (Yesalis & Bahrke, 1995). The 
most utilized AAS are methyltestosterone, methenolone acetate, mibo
lerone, oxandrolone, stanozolol, and oxymetholone. Injectable forms of 
AAS are boldenone undecylenate, clostebol, drostanolone propionate, 
nandrolone decanoate, trenbolone, testosterone cypionate, and stano
zolol (Harvey, Keen, Parrish, & van Teijlingen, 2019). 

Anabolic-androgenic steroids (AAS) are derivatives of testosterone 
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and can be described as synthetic compounds that athletes utilize to 
enhance athletic performance and muscle tone. (Awai, Yu, Ellis, & 
Schwimmer, 2014). They function by increasing the physiologic con
centrations of testosterone responsible for stimulating the synthesis of 
proteins, increasing muscle and body mass, and enhancing strength 
(Kicman, 2008). Testosterone additionally leads to secondary effects 
such as the initiation of the maturation of male secondary sexual char
acteristics in the form of increased body hair, masculine voice, prema
ture baldness, and a decrease in libido and sperm production (El Osta 
et al., 2016). In addition, increased bone and mineral density, erythro
poiesis, hemoglobin, hematocrit, glycogen storage, lean body mass, 
neural transmission, and enhanced recovery between workouts as well 
as increased aggressiveness (O’Connor, Archer, & Wu, 2004). 

AAS can have adverse impacts on the body’s reproductive, liver, 
kidney, cardiac, and central neurological systems, among other systems 
(Büttner & Thieme, 2010). The type of steroid used, the amount taken, 
the length of use, and the administration method all affect these side 
effects.(Salas-Ramirez, Montalto, & Sisk, 2010; Santora et al., 2006). 
Athletes typically utilize AAS through the simultaneous administration 
of several different drugs. This is administered in such a way as to in
crease the potency of the steroid (Nakhaee, Pakravan, & Nakhaee, 
2013). The administration of AAS is performed in an alternate manner 
where individuals will utilize the drugs by steadily increasing the con
centrations for several weeks or months. Towards the end of the cycle of 
usage, the drug concentration is gradually reduced to decrease the 
possibility of adverse side effects that are commonly observed with the 
prolonged long-term utilization of the drug (Neri et al., 2011). Many 
studies over the years have clarified the adverse effects of illicit AAS use, 
including liver problems and infertility. A study carried out by Dicker
man et al. (1999) analyzing the serum of bodybuilders who reported 
excessive use of AAS demonstrated that there was an increased corre
lation to elevated levels of aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) and creatine kinase (CK). However, there were 
no changes in gamma-glutamyl transpeptidase (GGT) levels upon the 
excessive use of AAS. (Dickerman, Pertusi, Zachariah, Dufour, & 
McConathy, 1999). On the other hand, the use of AAS has been corre
lated to an increased incidence of gynecomastia in recreational and non- 
recreational athletes. The normal functioning of the gonads depends on 
a normal hypothalamic/pituitary activity regulated by the 
gonadotrophin-releasing hormone secreted by the hypothalamus 
(Christou et al., 2017). Hormones such as FSH and LH synthesized and 
secreted by the pituitary gland contribute as well to the normal func
tioning of the gonads (Christensen et al., 2012). The use of AAS by male 
bodybuilders has been observed to cause dysfunctions in the reproduc
tive systems in terms of the decrease in gonadotrophin hormones 
through its action on the pituitary gland or its ability to suppress the 
release of the gonadotrophin hormone (Fronczak, Kim, & Barqawi, 
2012). 

There is a higher prevalence of AAS users in Western countries than 
in Middle Eastern countries (Alharbi et al., 2019), and the prevalence is 
less among females than in males (Sagoe & Pallesen, 2018). In general, 
the percentage of athletes in the United States that use AAS was esti
mated to be approximately 79.6 % (Baker, Graham, & Davies, 2006), 
while in the United Kingdom that number is around 69 % (Tahtamouni 
et al., 2008). Recently, there has been a growing number of AAS users in 
many countries in the Middle East (Alharbi et al., 2019). The highest 
percentage is estimated in Jordan at 26 % (Tahtamouni et al., 2008), 
followed by Kuwait and the United Arab Emirates (UAE) sharing similar 
percentages of approximately 22.7 % and 22 %, respectively. In Iran, 
around 13 % of athletes are AAS-users. While in Saudi Arabia, that 
number is 9.8 % (Althobiti, Alqurashi, Alotaibi, Alharthi, & Alswat, 
2018). Markedly, a recent study found that the percentage of AAS users 
among the Jeddah, Saudi Arabia, population was about 4.7 % (Ahmed 
et al., 2019). 

The objective of the study was to investigate the serum biochemical 
changes among AAS users compared with a control group of male Saudi 

athlete volunteers and to elucidate the adverse effect of AAS on liver 
functions and reproduction. 

2. Materials and methods 

2.1. Sample collection 

The study was a case-control study that included athletes who were 
AAS-users (10 subjects) and non-AAS-users (6 subjects). After receiving 
“the-right-to-know” document and signing consent forms in agreement 
to volunteer for this study, self-reported data regarding AAS use, type, 
and dosage using a questionnaire were collected from 10 AAS users. In 
addition, information including age, height, and weight were taken from 
all subjects. 

2.2. Study venue and sample preparation 

The study was carried out at the phlebotomy area of King Khalid 
Hospital (National Guard Health Affairs (NGHA)) and samples were 
analyzed in the pathology department which was accredited by the 
College of American Pathologists (CAP). Fasting samples were collected 
from 10 current AAS users and from 6 non-AAS-user athletic volunteers 
in two 5 mL vacutainer plain tubes. 

2.3. Inclusion and exclusion criteria 

The inclusion criteria in this study were set to include male athletes 
between 18 and 50 years of age who use AAS. Those with chronic dis
eases such as diabetes or high blood pressure and those who use AAS for 
therapeutic purposes were excluded from the study, as well as hemo
lyzed samples. Written informed consent was obtained from all 

Table 1 
The type and dosage of AAS used by the participants.  

Participant Type IM IM Dosage 
(mg/ 
week) 

Type Oral On AAS dosage 
before 
sampling 
(weeks) 

1 Testosterone 
Propionate 

700 NA 8 

2 Testosterone 
cypionate 

700 NA 10 

3 Testosterone 
Propionate 

300 NA 8 

4 Testosterone 
Propionate 

300 Oxandrolone 9 

Methenolone 
Acetate 

300 Clenbuterol 

Nandrolone 
decanoate 

750 

5 Testosterone 
Propionate 

200 Oxandrolone 13 

Stanozolol 300 Clenbutoral 
Trenbolone 
acetate 

300 

6 Testosterone 
Sustanon 

750 Oxandrolone 6 

Testosterone 
Enanthate 

500 

Nandrolone 
decanoate 

750 

Boldenone 
Undecylenate 

500 

7 Testosterone 
Propionate 

300 Clenbuterol 12 

8 Testosterone 
Propionate 

1000 NA 6 

9 Testosterone 
Propionate 

300 Oxandrolone 8 

10 Testosterone 
Enanthate 

600 NA 7  
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participants included in this study following standard protocols and the 
guideline approved by King Abdullah International Medical Research 
Center (KAIMRC) and IRB Approval number SP20/393/J. The control 
individuals recruited in this study were male athletes in the same age 
range and never used AAS. 

All participant’s data, including age, weight and height, type of AAS 
(oral or injectable), and dosage, were taken from the self-reported 
questionnaire. BMI was calculated using the formula BMI = kg/m2. 
Table 1 lists the AAS name used by the subjects, type of AAS, dosages, 
mode of use, and weeks of use before sampling. 

A fasting blood serum sample in the plain yellow top tube was 

collected for general chemistry and hormone analysis. The serum was 
separated from the clot by centrifugation at 3500 rpm for 5 min and 
analyzed by ARCHITECT c8000 and c1000 (Abbott Laboratories, Abbott 
Park, IL, USA) immediately thereafter. 

3. Results 

3.1. Participants data analysis 

According to the frequency of AAS use and average dosage, testos
terone propionate represented the majority of AAS use among the 

Fig. 1. Comparison of liver enzymes ALT, AST, GGT and ALP (a, b, c and d, respectively) between AAS-users and control group.  

Fig. 2. Comparison of muscle enzymes LDH and CK (a and b) between AAS-users and control group.  
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participants (41.18 %), then testosterone enanthate and nandrolone 
decanoate (11.76 %). The AAS-users’ age (34 ± 4 years) and the control 
group’s age (28 ± 2 years) were similar (Mean ± SD; P > 0.05). How
ever, BMI was higher in AAS users (29 ± 2 kg/m2) compared to the 
control group (25 ± 4 kg/m2) (P < 0.05). 

3.2. Liver transaminases 

Liver enzyme level was presented with median (25th –75th percen
tiles), aspartate amino-transferase (AST) in AAS users was significantly 
higher 44.50 (31.75 – 89.50) U/L when compared to the control group 
20.00 (18.17 – 24.75 U/L) (P < 0.05). Likewise, alanine amino- 
transferase (ALT) in the AAS-users was significantly higher 69 (44 – 
97.50) U/L when compared to the control group 22.50 (15.50 – 27.50 
U/L) (P < 0.05). Alkaline phosphatase (ALP) and gamma-glutamyl 
transferase (GGT) showed no significant difference (P > 0.05) (Fig. 1). 

3.3. Muscle enzymes 

The lactate dehydrogenase (LDH) and creatine kinase (CK) levels 
were presented with median (25th – 75th percentiles) LDH in AAS-users 
of 237.5 (199.8 – 283.3) U/L, which increased significantly more than 
the control group 181.5 (176.8 – 190.5) U/L (P < 0.05). Also, CK in AAS- 
users 856 (531.5 – 1530) U/L were significantly higher than control 
group 362 (165 – 542.3) U/L (P < 0.05) (Fig. 2). 

3.4. Liver function tests 

The data of total protein and albumin were parametric data a t-test 
for equal variance was used to determine the difference. The mean ± SD 
of total protein in AAS-users (67 ± 15 g/L) when compared to the 
control group (73 ± 1 g/L) showed no significant difference (P > 0.05). 
However, Albumin in AAS-users (43 ± 2 g/L) was significantly 
decreased in AAS-users when compared to the control group (47 ± 2 g/ 
L) (P < 0.05). Two-tail Mann-Whitney (U test) was used to determine the 
groups’ changes. Presented with median (25th – 75th percentiles) the 
total bilirubin in AAS-users was significantly lower 10.8 (8.5 – 11.68) 
µmol/L than the control group 14.1 (10.9 – 22.25) µmol/L, P < 0.05. 
While direct bilirubin has no difference between the groups (P > 0.05) 
(Figs. 3 and 4.). 

3.5. Reproductive hormones 

The level of hormones was not the same in the participants, and there 
is a variation in the dosage of AAS as mentioned in Table 1. Accordingly, 
the level of hormones will vary depending on their use. The level of 
hormones presented as median (25th – 75th percentiles) showed a 
highly significant decrease in luteinizing hormone (LH) in AAS-users 0.1 
(0.1 – 0.97 mIU/mL), while the normal level of LH on control group 2.7 
(1.44 – 3.95) mIU/mL (P < 0.05). As well as a decrease in Follicle- 
Stimulating Hormone (FSH) in AAS-users 0.05 (0.05 – 0.07) mIU/mL 

Fig. 3. Comparison of total and direct (a and b) bilirubin between AAS-users and control group.  
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compared with the control group 2.71 (2.30 – 4.99) mIU/mL (P < 0.05). 
Serum prolactin was significantly increased in AAS-user 12.2 (6.07 – 
15.09 ng/mL) (P < 0.05), and estradiol was significantly higher in AAS- 
users 136.5 (75.7 – 312 pmol/L) compared with the control group 57.5 
(37 – 90 pmol/L) (P < 0.05). While significant increase in the total 
testosterone among AAS-users 89.9 (24.8 – 135) nmol/L and control 
group 20.5 (17.8 – 24.3) nmol/L (P < 0.05). (Figs. 5 and 6.). 

4. Discussion 

The increased risk of liver problems related to AAS usage in athletes 
is one of the main areas of concern. A temporary increase in blood 
enzyme levels is a form of hepatic damage. (Bergasa, 2022). Elevation of 
ALT, AST, ALP, LDH, and GGT reflects hepatocellular injury or partially 
increases the permeability of the hepatocyte’s membrane (Dickerman 
et al., 1999; Ozer, Ratner, Shaw, Bailey, & Schomaker, 2008). Since AST 
is found in the heart, skeletal muscle, kidneys, brain, and red blood cells, 
and since ALT is found in low concentrations in skeletal muscle and 
kidney (Wróblewski, 1958), physicians frequently underestimate the 
role of muscle injury in elevated enzyme activity, leading to over
estimation of anabolic steroid-induced hepatotoxicity based on transit 
liver transaminase elevations (Pertusi, Dickerman, & McConathy, 
2001). Moreover, Dickerman et al. (1999) reported that elevated levels 
of AST, ALT and CK but not GGT in AAS-users and summarized that liver 
damage due to anabolic steroids cannot be confirmed along with regular 

heavy exercise (Pertusi et al., 2001). Weightlifting alone can cause a 
slight increase in serum transaminase activity, mild liver damage, 
muscular injury, or both (Dickerman et al., 1999; Pertusi et al., 2001). 
However, hepatocellular damage is evaluated with an increase in both 
transaminases AST and ALT as reported (Stępień et al., 2015; Štimac, 
Milic, Dintinjana, Kovac, & Ristic, 2002) Here, the examination of these 
parameters was one of the objectives in this study to evaluate the 
integrity of the liver in athletes who were AAS users compared with non- 
AAS users. 

Although ALT levels are typically increased with the early onset of 
liver toxicity and injury (Giannini, Testa, & Savarino, 2005), hepato
toxicity is also related to time and dosage level of AAS (Solimini et al., 
2017). Here, our results show significantly higher levels of ALT and AST 
in AAS-users than the control group. Our results are also in agreement 
with a more recent study that showed an increase of ALT and AST in AAS 
users and inferred a degree of hepatotoxicity (Fett, Maruyama, Brandao, 
& Fett, 2018). Although our study focused on current or short-term use 
among athletes, many studies have shown that long term use and high 
dosage over years may increase the risk of nodular transformation and 
growth of hepatic tumors. (Velazquez & Alter, 2004). The continuous 
use of AAS is correlated to the increase in serum levels of liver enzymes 
due to AAS metabolites, such as danazol and oxymetholone and can 
cause liver toxicity (Niedfeldt, 2018). Urhausen et al. in 2003 reported 
that liver transaminase levels in current AAS users were considerably 
greater than those athletes who had ceased using AAS for at least one 

Fig. 4. Comparison of total protein and albumin (a and b) between AAS-users and control group.  
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year (Urhausen, Torsten, & Wilfried, 2003). 
Even though CK and LDH are elevated in muscle injury, these en

zymes increased above the normal level in both groups showing a sig
nificant difference between their mean serum levels. Interestingly, other 
studies reported that there are no differences in these enzymes amongst 
users in a study by Schwingel (Schwingel et al., 2011) as well as a study 
on endurance of athletes as AAS users and non-AAS users (Baume et al., 
2006). Nonetheless, the AAS-associated elevation of LDH and CK was 
clear in our study, therefore we suggest further investigation to explain 
if this elevation may be associated with cardiovascular side effects. 

ALP level was not statistically different among the two groups similar 

to previously published work (O’Sullivan et al., 2000). The mechanism 
of cholestasis caused by C-17 substituted androgens is unknown, how
ever, serum levels of hepatic enzymes are observed to be at the normal 
range or slightly increased in cases of peliosis hepatis.(Neri et al., 2011) 
Since the cause of the two conditions cannot be explained, other 
methods such as liver biopsy and radiological examination are needed 
(Nakao et al., 2000). Nonetheless, large dosages have been shown to 
produce cholestasis in animal models (Rodríguez-Garay, 2003). In 
addition, for AAS to exert its effects, it binds to the androgen receptor in 
target organs. Then, it is converted to 5-dihydrotestosterone, which also 
binds to androgen receptor, to exert estrogenic effects. Specifically, 

Fig. 5. Comparison of testosterone, FSH and LH (a, b and c) between AAS-users and control group.  
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testosterone is aromatized to become estradiol leading to an increase in 
estradiol level as seen in our AAS group. Thus, the condition of chole
stasis is comparable to pregnancy cholestasis and the jaundice associ
ated with high estradiol or birth control pill dosages, and it might be 
caused by a partial absence or variation of bile salt transporter proteins, 
as seen in certain individuals with androgenic anabolic steroid-related 
cholestasis (Pauli-Magnus, Meier, & Stieger, 2010). Expectedly, total 
bilirubin levels in AAS users were shown to be significantly lower than in 
the control group (P < 0.05), resulting in bile stagnation and suggesting 
why the total bilirubin level decreased. However, since AAS users are 
asymptomatic for liver damage, it was expected to show normal levels of 
direct bilirubin as previously shown in a study that analyzed the cor
relation between the onset of hepatotoxicity and the illicit use of AAS in 
bodybuilders (Robles-Diaz et al., 2015). The most widely reported 
clinical symptoms among bodybuilders in the previous study were he
patocellular injury, jaundice, and increased levels of bilirubin(Robles- 
Diaz et al., 2015); these findings contradict the findings in our study. 
One possible explanation of this discrepancy is that our sample was 
collected during AAS dosing whereas in the previous studies, samples 
were collected after AAS cessation. 

Normally, 53–55 % of testosterone is bound to serum albumin, 
43–45 % is bound to sex hormone binding globulin, and the remaining is 
free in the blood (Södergard, Bäckström, Shanbhag, & Carstensen, 
1982). Here, we measured serum albumin and total protein and found 
that albumin is drastically reduced (P < 0.01), while total protein re
mains within the normal range among AAS-users. Elevation of testos
terone decreased serum albumin in our study is consistent with the 
previous study outcomes (Fett et al., 2018). It is also likely that using 
AAS at a certain phase of the cycle changes endogenous testosterone and 
albumin synthesis, according to a systematic review (Handelsman, 
2020). 

In our study, only male participants were tested and selected due to 

the limited number of female users in our population. However, the 
effect of AAS on the reproductive system in males, including hypo
gonadism, testicular atrophy, azoospermia, oligozoospermia, erectile 
dysfunction, and loss of libido(Pope, Kouri, & Hudson, 2000; Schmidt 
et al., 2004) was frequently observed in previous studies.(Andrews, 
Magee, Combest, Allard, & Douglas, 2018). Most studies carried out to 
determine the impact of AAS on the levels of reproductive hormones in 
both males and female athletes demonstrate a reduction in LH and FSH 
levels and both are correlated to dysfunctions observed in the repro
ductive system. Our findings in AAS users were below the reference 
range with a significant decrease in LH and FSH after 8 weeks of using 
different types of AAS when compared to the control group. Since the 
test subjects are current users and samples were collected during their 
AAS dosage course, the amount of total testosterone increased up to 
89.9 nmol/L due to the exogenous administration. As a resulting nega
tive feedback mechanism to counter AAS use, the anterior pituitary 
gland reduces the production of LH and FSH. Likewise, AAS has a sup
pressive effect on the testicular and adrenal androgen production 
(Sheriff, 1984). 

Our findings of high serum prolactin in AAS users as compared to the 
control group are consistent with the conclusion that testosterone and its 
metabolites enhance prolactin release. Estradiol has been shown to 
stimulate prolactin release from the anterior pituitary, and non- 
aromatize AAS-like stanozolol and methandrostenolone have been 
shown to activate estrogen receptors via interactions between the parent 
compound and its metabolites, suggesting a possible mechanism for 
increased prolactin. However, a case-control study to evaluate the effect 
of former abuse of AAS on testosterone levels and the symptoms of 
hypogonadism several years after cessation of the administration of 
steroids was performed by Rasmussen et al. (2016). Testosterone levels 
and the symptoms of hypogonadism were assessed in 33 former AAS 
abusers compared to 30 healthy volunteers.(Jon Jarløv Rasmussen et al., 

Fig. 6. Comparison of estradiol and prolactin (a and b) between AAS-users and control group.  
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2016) The levels of reproductive hormones LH, FSH, and testosterone 
were measured in all subjects to ascertain the effect of AAS on the nat
ural synthesis and secretion of these hormones. Total free testosterone 
was significantly lower in AAS abusers compared to the control group, 
and levels of gonadotrophin were significantly reduced compared to the 
control group (J. J. Rasmussen et al., 2016). The study provides solid 
evidence of the changes that take place after years of chronic use. In 
addition, Torres-Calleja et al. (2001) conducted a case-control study to 
assess the effect of AAS on sperm and serum reproductive hormone 
levels in 30 male bodybuilders. Serum FSH and prolactin were signifi
cantly lower in the group using AAS compared to the control group. 
There were no significant changes in the serum levels of estradiol and 
testosterone. In contrast, our finding showed significant increases in 
both estradiol and prolactin. While the use of current testosterone 
showed an increase in testosterone concentration, this can be explained 
by the current administration of AAS. The small size of participants in 
this study limits our ability to reflect whether AAS played an etiologic 
role in all the AAS users reported. 

5. Conclusion 

Anabolic-androgenic steroids (AAS) remain a controversial topic in 
sports, particularly in Saudi Arabia, where their use among athletes is a 
growing concern. While AAS can enhance physical performance and 
appearance, its potential adverse effects on the hepatic and reproductive 
systems necessitate careful consideration. Our research demonstrates an 
increase in the liver-specific enzyme ALT in AAS users relative to non- 
users and the possibility that short-term AAS usage increases the risk 
of liver injury. However, further studies of liver function tests such as 
prothrombin time, ultrasound, and radiological examination are rec
ommended, together with sperm analysis to evaluate spermatogenesis. 
Urine analysis, blood samples, and sperm analysis after 3 months of 
course cessations. Finally, the Ministry of Health in Saudi Arabia should 
enforce strict regulations and improve understanding and awareness of 
the potential health risks among recreational AAS users and 
bodybuilders. 
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