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Summary. The purpose of this study was to investigate the effects of anabolic steroids (AS) abuse on liver
enzymes activity and lipid profiles in male bodybuilders. 40 well-trained bodybuilders, with 20 self-reporting
regular AS use and 20 self-reporting never taking AS (NAS) were recruited for this study. Participants report-
ed to the laboratory for blood sampling to assess liver enzymes activity (Aspartate transaminase [AST], Ala-
nine aminotransferase [ALT'] and Alkaline phosphatase [AP]), lipid profiles and fasting blood sugar (FBS).
Moreover, maximal strength and muscle volume were measured. The results indicated that AS users had
higher strength in the bench press (113£11.8 vs. 93.7+13.3 kg) and leg press (329.5+40.4 vs. 248.5+41.0 kg),
muscle volume (arm, 41.2+3.5 vs. 35.124.2 cm and thigh, 60.6£6.4 vs. 53.7+5.6 cm), LDL (179.2£34.1 vs.
155.8+37.7 mg/dL), TG (166.5+74.4 vs. 126.9+48.2 mg/dL), TC (253.2+£59.6 vs. 143.5+48.0 mg/dL), AST
(53.2+14.3 vs. 34.5+11.11 IU/L) and ALT (53.5+15.1 vs. 33.3+7.8 IU/L) (p < 0.05). However, NAS users
indicated higher HDL (43.5+15.2 vs. 30.7+10.0 mg/dL) and AP (82.7+30.6 vs. 75.6+30.1 IU/L) (p < 0.05)

in comparison to AS users. In conclusion, AS abuse is associated with alterations in liver enzymes function

and lipid profiles that, represent an increased risk profile in athletes who used AS.
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Introduction

Anabolic steroids (AS) are one of the most
commonly used drugs among athletes, especially in
strength-trained men, to improve muscular perfor-
mance, muscle size and increase strength. (1,2). Out-
side of some physiological advantage of AS, abuse of
this drug has become a serious problem in the United
States, United Kingdom as well as other parts of the
world (2), and during past 2 decades, the number of
AS users increased more than 2000% in the world (3).
There is an adverse effect of AS in some organs such as
hepatic (4), endocrine, and cardiovascular systems (5).
For example, it has been shown that AS may induce
pathological left ventricular hypertrophy (6) with dis-
proportional extracellular collagen accumulation and/
or interstitial fibrosis (7).

Liver is a key organ actively involved in numerous
metabolic and detoxifying functions during exercise.
During exercise training liver play an important role
to release ATP or glucose. Abuse of AS has an adverse
effects on liver function. The liver adverse effects are
among the most common and serious associated with
AS abuse and are virtually always associated with the
oral active 17-o alkylated androgens such as methyl-
testosterone, methandrostenolone, oxandrolone, and
stanozol. In fact, AS allows increased oral absorption
and slower hepatic degradation and clearance, so re-
sulting in greater hepatic toxicity (8). Welder et al. (9)
showed that AS are directly toxic to rat hepatocytes
with increase of liver enzymes levels. Animal studies
clearly shown liver alterations induced by AS. Gragera
et al. (10) observed ultrastructural alterations of hepat-
ocytes, the most prominent changes being swelling of
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mitochondria and marked increase in the number of
lysosomes. Saborido et al. (11) and Molano et al. (12)
observed that treatment with stanozolol, either with or
without concurrent exercise training, affects lysosomal
hydrolases and mitochondrial respiratory chain elec-
tron transport in rat liver, without modifying classical
serum indicators of hepatic function. Acute adaptative
changes on the liver tissue (slight to moderate multifo-
cal lobular inflammation with acidophilic degeneration
and evident Kuppfer cells reactivity) were observed by
Boada et al. (13) in rats administered with stanozol
for a short time in association with minimal to mild
variability in the size of cell nuclei and increased mito-
sis and binucleation. In the majority of the livers from
long-term treatment, the researchers observed cyto-
plasmic vacuolation, and lipidic degeneration; in ad-
dition, as in the case of acute AS-treated animals, they
found increased mitosis and binucleation and variabil-
ity in the size of cell nuclei.

Although there are several reports concerning the
physiological abnormalities induced by AS abuse, the
liver enzymes activity after using this drug in human
subjects is unclear. Since previous studies used Rats to
identify the effects of AS on liver enzymes activity and
lipid profile, the information about the effects of lon-
gitudinal AS abuse on changes in liver enzymes and
lipid profiles in human subjects especially in strength-
trained men is scarce. Therefore, the purpose of this
investigation was to determine the influence of longi-
tudinal abuse of AS on liver enzymes activity and lipid

profiles of men bodybuilders.

Methods

Subjects

The subjects of this study were 40 weight trained
men, with 20 self-reported regular AS use and 20 self-
reported never taking AS (NAS) (Table 1). Inclusion
criteria were resistance training history of minimum
of 5 yr with four to five training sessions per week.
The specific inclusion criterion for the AS group was a
documented self-reported history of AS abuse for 1 to
3 years and inclusion criterion for the NAS group was
self-reported history of never taking AS. Before taking
part in the study, the participants were notified about

the potential risks involved and gave their written con-
sent. This study was approved by the Guilan university
human research ethics committee.

Design

A cross-sectional cohort design was used for the
study, with participants required to make a single visit
to laboratory. Initially, subjects completed self-report
questionnaires related to general health, training sta-
tus, and history as well as detailed accounts of AS
abuse. This was followed by assessment of body com-
position, arm and tight circumferences, strength test
and a venous blood sample. All tests were conducted
on the participants after an overnight fast, as well as a
24-h abstention from resistance training.

History of AS use

The participants in the AS group had experi-
ence of AS abuse at least 1 to 3 years. The types of AS
currently being used by some of the AS participants
included trenbolone (number of use (N) = 4), testos-
terone (N = 2), sustanon (N = 3), boldenone (N = 1),
nandrolone (N = 3), oxandrolone (N = 3), and stano-
zolol (N = 4). Of those in the AS group who provided
sufficient information to perform an analysis of their
daily usage (n = 20), we found that the mean AS dose
was 220 mg.d with a SD of 152 mg.

Body composition

Height was measured using a wall-mounted sta-
diometer (Seca 0123, Germany) to the nearest cen-
timeter. Body mass was measured to the nearest 0.1
kg using a medical scale (Seca 760102, Germany).
Percentage of body fat was measured using 3-site
skin fold thickness (chest, abdominal, and thigh). The
measurement was used according to the method by

Jackson and Pollock (14). All skin fold measurements

Table 1. Subjects characteristics (mean+sd).

AS(n=20) NAS(n=20) Pvalue
Age (y) 25+2.9 24.2+3.1 0.12
Height (cm) 172.7¢59 1741254 031
Body mass (kg)  81.1:10.3  74.6:6.7 0.04
Body fat (%) 18.1:4.5 15.7¢3.9 0.08
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were taken using Lafayette caliper (Skin Fold Caliper,
Model 01127-INDIANA). Skinfold thickness was
based on the average of the two trials. If the two skin-
fold measurements at the same site differed by more
than 0.5 mm, a third measurement was obtained and
the mean value used.

Muscle circumference

The circumferences of mid thigh and mid arm of
the right side were assessed during full muscle contrac-
tion using tape measure with nearest to 0.1 cm (15).

Strength assessment

Strength was measured using the one repetition
maximum (1RM) bench press and leg press exercises.
The 1RM testing was performed according to method
previously described by Kraemer and Fry (15). The par-
ticipants performed a warm-up set of 8 to 10 repetitions
at a light weight. A second warm-up consisted a set of
three to five repetitions with a moderate weight, and
third warm-up included one to three repetitions with
a heavy weight. After the warm-up, each subject was
tested for the 1RM by increasing the load during con-
secutive trials until the participants were unable to per-
form a proper lift, complete range of motion and correct
technique. The 1RM test was determined by ~5 sets of
one repetition, with 3-5 minutes of rest among at-
tempts. Spotters and investigators were present to pro-
vide verbal encouragement and safety for the subjects.

Blood sampling and analysis

Blood samples were drawn (10 cc) from the an-
tecubital vein into plain evacuated test tubes. All the
blood samples were drawn after 12 h of fasting and 8
h of sleeping. The blood was allowed to clot at room
temperature for 30-min and centrifuged at 1500xg for
10 min. The serum layer was removed and frozen at
-20°C in multiple aliquots for further analyses. Assess-
ment of fasting blood sugar (FBS), total cholesterol
(TC), HDL, LDL, and triglycerides (TG) were per-
formed using the Daytona RS blood analysis machine
(Randox, Co., Antrim, N. Ireland). Liver enzymes (i.e.,
AST, ALT and AP) were analyzed using conventional
spectrophotometric methodology using a DxC 600
autoanalzyer (instrument and reagents from Beckman

Coulter, Fullerton, CA).

Statistical analysis

All data were subjected to tests of normality.
Differences between AS and NAS participants were
analyzed using paired t-tests. The level of significant
was set at p < 0.05. Statistical analysis of data was per-

formed using statistical software package SPSS Ver-
sion 16 (SPSS, Inc., Chicago, IL).

Results

Although height did not differ between groups,
participants in the AS group were significantly heavier
than NAS group (p < 0.05). However, body fat per-
centage was not significantly different between groups.

The participants in AS group indicated greater
strength in the bench and leg press exercises than NAS
group (p < 0.05), and there were also differences in
the arm and thigh circumferences between groups (p <
0.05) (Table 2).

LDL and HDL were significantly elevated and
reduced, respectively, in the AS group compared with
NAS group (p < 0.05). FBS, TG and TC were higher
in the AS group in comparison to NAS group (p <
0.05). There was little difference in partial throm-
boplastin time (PTT) between groups (33.4+5.7 vs.
32.9+5.3 sec) (Table 2).

AST and ALT levels were significantly elevated
in the AS group than NAS group, whereas the AP lev-
el was higher for the NAS group (p < 0.05) (Table 2).

Discussion

The aim of this study was to compare the effects of
longitudinal abuse of AS on liver enzymes activity, li-
pid profiles, strength and muscle volume in men body-
builders. The results indicated that body mass, strength
and muscle volume were greater for the athletes who
used AS. However, the liver enzymes activity and lipid
profiles were higher in the AS users than NAS group.

The findings of this study indicated that the AS
users were heavier and the arm and thigh circumfer-
ences were greater in the AS users compared to NAS
group. Moreover, the AS users were stronger than

NAS users in the 1RM of bench press and leg press
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Table 2. Data for the strength, muscle volume, lipid profiles and liver
enzymes activity in AS and NAS groups (mean+SD).

AS(n=20) NAS((=20) Pvalue
1RM bench press (kg) 113+11.8* 93.7+13.3 0.02
1RM leg press (kg) 329:40.8°  2485:41 0003
Arm circumference (cm) ~ 41.2+3.5* 35.1x4.2 0.04
Thigh circumference (cm) ~ 60.6+6.4 53.7#5.6 0.03
PTT (sec) 33.425.8 32.9+5.3 0.13
FBS (mg/dL) 87+11.9* 81.3+9.8 0.05
TG (mg/dL) 166.5+74.4°  126.9+48.2  0.04
TC (mg/dL) 253.2+£59.6*  143.5+48 0.01
HDL (mg/dL) 30.7+10* 43.5+15.2 0.02
LDL (mg/dL) 179.2£34.1*  155.8:37.7  0.04
AST (IU/L) 53.2+14.3"*  34.5+11.1 0.02
ALT (IU/L) 53.5£15.1*  33.37.8 0.02
AP (TU/L) 75.630.1 82.7£30.61  0.05

IRM: 1 repetition maximum, PTT partial thromboplastin time,
FBS: fasting blood sugar, TG: triglyceride, TC: total cholesterol, HDL:
high density Lipoprotein, LDL: low density lipoprotein, AST: Aspartate
transaminase, ALT? Alanine aminotransferase, AP: Alkaline phosphatase.
*Significant differences compared with NAS group (p<0.05): 1Signifi-
cant differences compared with AS group (p<0.05).

exercises. These findings are in line with previous stud-
ies which reported larger gains in body mass, muscle
size and strength performance after AS abuse (17-
22). A large number of studies reported that use of
AS can increase the body mass (2-5 kg) (17,18). Alen
and Hakkinen (23) reported that 6 months AS use in-
duced 5 kg gains in body mass. In relation to muscle
size or circumference, some studies reported no altera-
tions of circumferences after AS use (24,25). In con-
trast, other researchers addressed that use of AS could
induce increases in muscle size (20,21,22). The largest
gains of muscle circumferences were seen at the tho-
rax, shoulders and upper arm (19). Although, AS have
been demonstrated to stimulate protein synthesis (21),
the effects on muscle size and circumference could
not be established. It has only been in the last decade
that clear evidence for the muscle building properties
of AS in males and athletes became available (20-23).
It seems that these mechanisms could be a reason to
greater body mass and muscle size in the AS users.

The most prevalent results for AS abuse is to pro-
mote muscle mass and strength. Bhasin et al (26) ex-
amined the effects of AS abuse and strength training on
muscle size and found that 10 weeks AS use + strength
training increased arm and thigh muscle circumferenc-
es and these changes were greater than strength train-
ing only. Moreover, higher strength for the AS user
have been supported in previous studies (21,23,25). It
can be concluded that AS administration may increase
muscle mass and circumference and whether type I or
type II muscle fibers are more profoundly affected is
not clear yet. It appears that increase in muscle mass
can be attributed to muscle hypertrophy and also the
formation of new muscle fibers (20). The key roles seem
to be played by satellite cells (i.e., they are enhanced by
AS administration) and androgen receptors. Androgen
receptors are expressed in myonuclei of muscle fibers
and in capillaries and are more present in upper limb
than in lower limb. AS administration induced an in-
crease in androgen receptor-containing myonuclei in
the muscles and also increase the myonuclear number
per fiber in the muscle (19,20). Sinhahikim et al. (22)
observed that muscle hypertrophy induced by exog-
enous testosterone administration was associated with
an increase in satellite cell number, changes in satellite
cell ultra-structure and a proportionate increase in my-
onuclear number (21,22,23). These observations may
explain the regional differences in body mass, muscle
fiber adaptation, muscle circumferences and strength
development between AS and NAS users.

In addition, we observed an altered lipid profile
in AS users. The TC was higher in AS users, the dif-
ference between groups was statistically significant,
which supports data from Baldo-Enzi et al. (27), but
contradicts Sader et al. (28). It can be explained that
lipid profiles and overall cholesterol are important
when determining cardiovascular and atherosclerotic
risk (29). The decrease in HDL in AS users in the
present study agrees with past research (30,31). Like-
wise, an increase in LDL in the current study also sup-
ports previous data (31). Supraphysiological doses of
AS lead to high hepatic androgen exposure, and high
androgen levels can alter levels of lipoprotein, which
directly affects the formation of HDL (32) and these
changes could increase cardiovascular disease in ath-
letes who use AS.
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In accordance with the findings of this study,
number of studies reported elevation of liver enzymes
activity after AS abuse (10-13). The results indicated
that long-term abuse of AS increased basal levels of
ASP and ALP in athletes, whereas this drug induced
decreases in the AP levels in comparison to NAS ath-
letes. Even though the numbers of subjects were small,
the results indicated that in the general collective con-
sciousness of the medical community, use of AS closely
associated with liver disease. Previous reports on ath-
letes who use AS have suggested that AS may cause se-
rious hepatic dysfunction using ASP and ALP (12,33).
It is presumed that AS are responsible for liver damage
(33). Also, these lesions are reversible, at least partial-
ly, as has been reported in several case reports, and in
some series of long-term follow-up (34,35); however,
progression to hepatic insufliciency has been published
(36). It would be conclude that long-term abuse of AS
induced elevation of liver enzymes activity resulting he-
patic toxicity. AS treatment is known to induce hepatic
structural and ultrasturactural changes (33) that may
cause modifications in the liver subcellular fractionation
pattern consequently enhances of liver enzymes activity.

In conclusion, the results from this study indicate
that longitudinal abuse of AS coupled with strength
training in athletes is associated with greater muscle
mass, strength and muscle size than NAS user athletes.
However, these greater enhancements are in accord-
ance with elevation of lipid profiles and liver enzymes
activity resulting liver damage and toxicity.

Acknowledgments

The author would like to thank the all bodybuilders who
participated in this study.

References

1. Evans NA. Current concepts in anabolic-androgenic ster-
oids. Am ] Sports Med. 2004;32:534-542.

2. Angell P, Chester JN, Green D], et al. Anabolic steroid use
and longitudinal, radial, and circumferential cardiac motion.
Med Sci Sports Exerc. 2012;44(4):583-590.

3. Yesalis CE, Kennedy NJ, Kopstein AN, et al. Anabol-
ic androgenic steroid use in the United States. JAMA.
1993;270:1217-1221.

4. Neri M, Bello S, Bonsignore A, et al. Anabolic androgen-
ic steroids abuse and liver toxicity. Mini Rev Med Chem.
2011;11:430-437.

5. Riezzo I, Di Paolo M, Neri M, et al. Anabolic steroid- and
exercise-induced cardio-depressant cytokines andmyocar-
dial B1 receptorexpression in CD1 mice. Curr Pharm Bio-
technol. 2011;12:275-284.

6. Nottin S, Nguyen LD, Terbah M, et al. Cardiovascular
effects of androgenic anabolic steroids in male bodybuild-
ers determined by tissue Doppler imaging. Am ] Cardiol.
2006;97:912-915.

7. Rocha FL, Carmo EC, Roque FR, et al. Anabolic steroids
induce cardiac renin—angiotensin system and impair the
beneficial effects of aerobic training in rats. Am J Physiol
Heart Circ Physiol. 2007;293:3575-3583.

8. Reents S. Androgenic-anabolic steroids. In Sport and
Exercise Pharmacology. Champaign: Human Kinetics;
2000:161-181.

9. Welder A, Robertson J, Melchert R. Toxic effects of ana-
bolic androgenic steroids in primary rat hepatic cell culture.
J. Pharmacol. Toxicol Methods, 1995;33: 187-195.

10. Gragera R, Saborido A, Molano F, Jiménez L, Muiiiz E,
Megias A. Ultrastructural changes induced by anabolic ster-
oids in liver of trained rats. Histol Histopathol. 1993:8;449-
455.

11. Saborido A, Molano F, Megias A. Effect of training and
anabolic- androgenic steroids on drug metabolism in rat
liver. Med Sci Sports Exerc. 1993:25;815-822.

12. Molano F, Saborido A, Delgado J, Morin M, Megias A.
Rat liver lysosomal and mitochondrial activities are modi-
fied by anabolic- androgenic steroids. Med Sci Sports Exerc.
1999:31(2); 243-250.

13. Boada LD, Zumbaldo M, Torres S. Evaluation of acute and
chronic hepatotoxic effects exerted by anabolic-androgen
steroid stanozolol in adult male rats. Arch Toxicol. 1999:73;
465-472.

14. Jackson AS, Pollock ML. Practical assessment of body com-
position. Phys Sports Med. 1985: 13; 82-90.

15. Arazi H, Damirchi A, Asadi A. Age-related muscle circum-
ference, strength development and hormonal adaptations
with 8 weeks moderate intensity resistance training. Ann
Endocrinol, 2013: 74:30-35.

16. Kraemer WJ, Fry AC. ACSM’s guidelines for exercise test-
ing and prescription. 6th ed. Champaign, IL: Human Ki-
netics, 1995.

17. Ward P. The effect of an anabolic steroid on strength and
lean body mass. Med Sci Sports 1973; 5: 277-282

18. Van Marken Lichtenbelt WD, Hartgens F, Ebbing S, et al.
Body compostion changes in bodybuilders: a method com-
parison. Med Sci Sports Exerc 2004; 38 (3): 490-497.

19. Kadi F. Adaptation of human skeletal muscle to training
and anabolic steroids. Acta Physiol Scand Suppl 2000; 646:
47-52.

20. Kadi F, Eriksson A, Holmner S, et al. Effects of anabolic
steroids on the muscle cells of strength-trained athletes.
Med Sci Sports Exerc 1999; 31: 1528-1534.



328

H. Arazi

21. Kuipers H, Peeze BF, Hartgens F, et al. Muscle ultrastruc-
ture after strength training with placebo or anabolic steroid.
Can J Appl Physiol 1993; 18: 189-196.

22. Sinha-Hikim I, Artaza J, Woodhouse L, et al. Testoster-
one- induced increase in muscle size in healthy young men
is associated with muscle fiber hypertrophy. Am ] Physiol
En docrinol Metab 2002; 283: 154-164.

23. Alen M, Hakkinen K. Androgenic steroid effects on serum
hormones and on maximal force development in strength
athletes. ] Sports Med Phys Fitness 1987; 27: 38-46.

24. Golding LA, Freydinger JE, Fishel SS. Weight, size and
Body strength: unchanged with steroids. Phys Sportsmed
1974; 2: 39-43.

25. Loughton SJ, Ruhling RO. Human strength and endurance
responses to anabolic steroid and training. ] Sports Med
Phys Fitness 1977; 17: 285-296.

26. Bhasin S, Storer TW, Berman N, et al. The effects of su-
praphysiologic doses of testosterone on muscle size and
strength in normal men. N Engl ] Med 1996; 335: 1-7.

27.Baldo-Enzi G, Giada F, Zuliani G, et al. Lipid and apo-
protein modifications in body builders during and af-
ter self-administration of anabolic steroids. Metabolism.
1990;39(2):203-208.

28. Sader MA, Griffiths KA, McCredie RJ, Handelsman D],
Celermajer DS. Androgenic anabolic steroids and arte-
rial structure and function in male bodybuilders. ] Am Coll
Cardiol. 2001;37(1): 224-230.

29. Robinson JG, Wang S, Smith BJ, Jacobson TA. Meta-anal-
ysis of the relationship between non—high-density lipopro-
tein cholesterol reduction and coronary heart disease risk. J
Am Coll Cardiol. 2009;53(4):316-322.

30. Lane HA, Grace F, Smith JC, et al. Impaired vasoreactivity
in bodybuilders using androgenic anabolic steroids. Eur J
Clin Invest. 2006;36(7):483-488.

31. Hartgens F, Cheriex EC, Kuipers H. Prospective echocardi-
ographic assessment of androgenic—anabolic steroids effects
on cardiac structure and function in strength athletes. Int J
Sports Med. 2003;24(5):344-351.

32. Hartgens F, Rietjens G, Keizer HA, Kuipers H, Wolffen-
buttel BH. Effects of androgenic—anabolic steroids on
apolipoproteins and lipoprotein (a). Br J Sports Med.
2004;38(3):253-259.

33. Pertusi R, Dickerman RD, McConathy WJ. Evalua-
tion of aminotransferase evaluations in a bodybuilder us-
ing anabolic steroids: hepatitis or rhabdomyolysis? JAOA,
2001;101:391-394.

34. Urhausen A, Torsten A,Wilfried K. Reversibility of the ef-
fects on blood cells, lipids, liver function and hormones in
former anabolic—androgenic steroid abusers. ] Steroid Bio-
chem Mol Biol 2003; 84: 369-75.

35. O’Connor JS, Baldini FD, Skinner JS, Einstein M. Blood
chemistry of current and previous anabolic steroid users.
Mil Med 1990; 155: 72-5.

36. Gurakar A, Caraceni P, Fagiuoli S, Van Thiel DH. Andro-
genic/anabolic steroid-induced intrahepatic cholestasis: a
review with four additional case reports. ] Okla State Med
Assoc1994; 87: 399-404.

Correspondence:

Hamid Arazi (Ph.D)

Associate Professor, Department of Exercise Physiology,
Faculty of Sport Sciences, University of Guilan,

P.O. Box: 41635-1438, Rasht, Iran

Tel. +98 911-1399207

Fax +98 13-33690675

E-mail: hamidarazi@yahoo.com



