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Abstract Many professional athletes and those frequenting gyms use Anabolic Androgenic Steroids and/or Growth
Hormone (AAS/GH), to improve performance and aesthetics. The aim of this study was to compare the blood markers of 03
groups with 08 volunteers in each: bodybuilders using AAS/GH (A), amateur strength athletes drugs free (B) and sedentary
individuals as control (C). The tests Kruskall-Wallis (ANOVA Non-Parametric) and followed by the Dunn was carried out
(p<0,05). There was a significant increase in Group A in comparison with B and C to: GH, lactate dehydrogenase, urea,
aspartate  aminotransferase, alanine  aminotransferase,  low-density-lipoprotein  cholesterol  (LDL), total
cholesterol/high-density-lipoprotein cholesterol (HDL) and LDL/HDL ratios; and reduced levels of: sex hormone binding
globulin, insulin, HDL. The creatine phosphokinase was increased in Groups A and B, and creatinine in A regarding C but
equal B. The groups were equal for TT and free testosterone, cortisol, leptin, ALP, TC, TAG, VLDL-c, homocysteine and
TT/cortisol ratio. These results suggest that users of AAS/GH were exposed to a higher systemic risk, but not so intense as
expected. In this way, point out that AAS/GH user’s protocols, should be consider the interactivity of diet, training and
genetic for the building the standard position to bodybuilding and strength athletes.
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adolescents, have been observed making indiscriminate use

1. Introduction

Anabolic-androgenic  steroids (AAS) are synthetic
derivatives of the hormone testosterone and it is usually
administered orally or via injection and is by far the
anti-doping rule violation most detected in the laboratories
tests [1]. In the first half of the past century these drugs were
used by medicine because up until now, they are effective for
the treatment of hypogonadism and other chronic diseases,
which present cachexia as the prognosis (e.g., chronic renal
disease, chronic obstructive lung disease, cancer, Acquired
Immune Deficiency Syndrome - AIDS), depressive disorders,
etc. At a second stage the AAS and other drugs such as the
growth hormone (GH), began to be used in the sports [2-4].

Thus, usual resistance training practitioners, among them
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of androgenic steroids and/or growth hormone (AAS/GH)
for aesthetic purposes [2-6]. It is alarming that the large
majority of these users not are counseled about the risks of
these drugs, as there has few health professionals that have
technical information about this situation [3].

About the effects of AAS/GH that have been established,
we may point out the improvement in performance, increases
in both muscle mass and strength, as well as considerable
improvement in tolerance to physical exercise [7-9]. On the
other hand, a well conduced double blind study that
control the AAS intake 12 times during a month in athletes
(n=9 placebo; n=8 testosterone undecanoate; n=8
19-norandrostrenedione) during a hard endurance training do
not find difference in performance and physical stress level
of the athletes after a maximum treadmill test [10].

As regards the negative effects of AAS on health, there are
neuropsychiatric alterations, such as mood changes and
aggressive  behavior, anxiety, depression, paranoia,
confusion, amnesia [1, 4, 11], hepatotoxicity [1, 11, 12],
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renal complications due to reduction in creatinine clearance,
increase in blood pressure due to albuminuria, and

morphological cardiac  alterations, left ventricular
hypertrophy, myocardial dysfunction [1, 11, 13],
thromboembolism, intracardiac  thrombosis,  stroke,

arrhythmias, cardiomyopathies and sudden death [11].
Furthermore, there is association with sarcomas, neoplasms,
renal, hepatic and prostate tumors linked to the use of AAS
[11]. Beyond that, the unwanted effects do not stop with the
cessation of administration the AAS, through the cellular
memory mechanism [1]. Recently was observed in a
competitive bodybuilding a Stevens-Johnson syndrome (SJS)
that is characterized by skin problems [13].

On the other hand, there are studies that do not report harm
and even show evidence of beneficial adaptations provided
by the use of AAS concomitant with performing physical
exercise. Among them are the improvement in cardiac
function resulting from the cellular and morphological
changes, increment in vascularization of the myocardium,
attenuation of the deleterious effects on lipoproteins [14] and
an increase in submaximal aerobic resistance [8]. In addition,
exercise per se seems to exert a protective effect on the
adverse consequences of the use of AAS [15].

But, we need point out that the majority of the deleterious
effects of AAS are reported in researches with animal
experimentation, reduced samples, inadequate control
groups and/or case studies, which limit the impact of the
results [8, 12-19]. Equally, one study despite to observe that
the bodybuilders users of AAS had an impairment of the
ventricular strain, the standard systolic echo parameters were
in the normality, showing that the increase in cardiovascular
risk factor was discrete [20]. Thus, the potential effects of the
use of different AAS/GH in athletes has not been completely
elucidated [3].

In regard GH, there a little evidence on the side effects [9].
By the other hand the ergogenic effect was demonstrate in
some studies [1, 9, 21]. To date, there is no method for
classifying GH as doping [1].

Thus, the aim of the present study was investigate the
behavior of blood biochemical markers of competitive
bodybuilding using AAS/GH with others two groups,
athletes drugs free and sedentary persons.

2. Methods

2.1. Human Volunteers and Eligibility

Fifty competitive bodybuilding AAS/GH users were
invited to participate of the present study, but just 08 answers
positively and/or fulfill all required procedures after one year
of followed. The n was established at eight for the other two
groups, due to equalizing them to the number and similar
profile of bodybuilders. The bodybuilding were national and
international competitive athletes AAS/GH users (Group A,
n=08); amateur strength athletes drugs free (Group B, n=08),
and sedentary persons (Group C, n=08) (Figure 1).
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Figure 1. Design of the study and split of the Groups

The subjects belonging to Groups A and B trained
resistance exercises at least five hours per week and
sedentary group defined how performed at two or less
hours/weekly. The Groups A, B and C were different just to
the BMI: 30.8+3.5, 26.8+1.6, 24.9+2.2 kg/m?; the age were
29.5+5.4, 23.5+2.8, 23.5+2.7 years old respectively, the
height and weight were equal (Figure 2). All voluntaries
answered an anamneses and should was following a regular
health life style, avoiding spend all nights in parties and/or
had a heavy drinking. The alcohol consumption acceptable
in regular basis was at >40 g/d, equivalent at approximately
800 ml of Pilsen beer at 3 times a week. The subjects did not
use any kind of medication on a regular basis except to the
drugs in the Group A. They should do not had sleep
disturbance and sleeping around 6-8 h/day. The control
group (Group C) should was eutrophic/overweight and do
not be statistically different of the Group B. The group A was
acceptable to be heavier due the hyper muscularity of these
athletes. The study was approved by the Committee on
Research with Human Beings, of the "Hospital Universitario
Julio Muller" (658/CEP/HUJM/09) and all the participants
signed the term of free and informed consent.

2.2. Blood Collection

Were performed by the "Carlos Chagas Laboratory"
(Cuiabad-MT) after 12 hours fasting, and were always
collected the day after performing resistance training
considering Groups A and B. The methods used for analyses
were as follows: total cholesterol and triacylglycerol (TG) by
enzymatic/oxidase; lipoproteins (VLDL-c, LDL-c e HDL-C)
by selective inhibition and calculation; urea and creatinine
by urease and alkaline picrate, respectively; Creatine
Phosphokinase (CPK) concentrations (Method UV — NADH,;
Creatine Kinase); aspartate aminotransferase (AST) (EC
2.6.1.2); alanine aminotransferase, (ALT) (EC 2.6.1.2); and
alkaline phosphatase (ALP) (Kinetic P Method -
Nitrophenol; kit alkaline phosphatase (ALP); all using
Olympus® Kkits); total and free testosterone, GH, sex
hormone binding globulin (SHBG), insulin, cortisol and
homocysteine were analyzed by the chemiluminescence
method with Architect® kits; testosterone, Immulite® 2000
(hGH), Immulite® 2000 (SHBG), ADVIA Centaur® insulin
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(IR1), ADVIA Centaur® cortisol (COR) and ADVIA
Centaur® homocysteine (HCY), respectively; leptin was
analyzed by Enzyme Immunoassay (Millipore® Kkit); lactate
dehydrogenase  enzyme activity (LDH) by the
lactate-pyruvate method (Lactic Dehydrogenase (LD;
Olympus® Kit).

2.3. Ratios

Some ratios were calculated to refine the risk factors:
Total cholesterol/HDL and LDL/HDL are used to predict
ischemic heart disease risk [22], and; TT/cortisol ratio
related to stress and training recover [10].

2.4. Drug Questionnaire

All voluntaries of the Group A were answered the
following questionnaire: 1. What drugs are you using? How
long time? Who prescribe this?

2.5. Statistical Analyses

Was used the Kruskall-Wallis (ANOVA Non-Parametric)
test, followed by the Dunn multiple comparisons test to
detect differences between the groups. To consider the
testosterone total and free with SHBG and insulin the three
groups were treated how just one, and correlated the
variables one each other with multiple regression. The level
of significance was p<0.05 and the interval of confidence
95%.

3. Results

The profile of the volunteers is shown in Figure 2, in
which only the BMI was significantly more elevated for
Group A.

200

mGroup A
Group B

N Group C

Figure 2. Profile of voluntaries. They were similar with different
significance just to Body Mass Index (BMI, kg/m?; p=0.0098)

The Table 1 shows the combinations and years of use of
AAS/GH that the bodybuilding athletes were using. The
majority of users had used it for over four years and half of
the sample combined three or four drugs. The drug most
frequently used was stanozolol, followed by GH.

The following variables presented no difference whatever
between the groups and were at normal levels: total and free

testosterone, cortisol, leptin, hepatic enzyme ALP,
circulating lipids total cholesterol, TAG, VLDL-c, the amino
acid homocysteine and TT/cortisol ratio. The creatine
phosphokinase was increased in Groups A and B, and
creatinine in A regarding C but equal B (Table 2).

Table 1. Bodybuilding athletes (A), combination, years of use and

indication (1) of Anabolic Androgenic Steroids and/or Growth Hormone
(GH)

A Years Drugs |
1 2 Durateston, Nandrolone T
decanoate, Oxymetholone,
2 4 GH, Stanozolol T
3 5 Boldenone, GH, Methelonone T
enanthate, Stanozolol
4 6 Testoterone enanthate BS
5 6 GH, Stanozolol HT
GH, Methandrostenolone,
6 8 Stanozolol, Testosterone BS
Cypionate
7 10 Oxymetholor_le, Testoterone T
cypionate
8 14 Durateston, Oxandrolone, HT
Stanozolol
M=SD 6,0+3,8 2,5£1,0

Indication refers to who guided the use of the drugs: Teacher (T): was
the person who prescribed the training; health Teacher (HT): refers to
the nutritionist or doctor consulted; By self (BS): the athlete himself
administered.

The following variables were groups into two categories
and the reference value of normality is presented between
parenthesis [23].

1. Group A differed significantly from one or two groups,
but was within normality or at the threshold value for
the following: lower levels of insulin (2.6 to 26 Um/I)
and GH (up to 1.00 ng/mL) higher than those of Group
C; LDL-c higher in comparison with Group B (130 to
159 mg/dL); muscle enzyme CPK (26 to 155 U/L),
hepatic enzyme AST (15 to 40 U/L).

2. Group A differed significantly from the one or both
groups and outside of normality as regards: lower
SHBG levels (10.0 to 70.0 nmol/L) and HDL-c in the
range of risk (lower than 35 mg/dL); and higher levels
of muscle enzyme LDH (higher than 35 mg/dL),
hepatic enzyme ALT (15 to 35 U/L), urea (15 to 38
mg/dL) and creatinine (0.5 to 1.0 mg/dL); the indexes
TC/HDL (<4.85) and LDL/HDL (<3.86) [22] (Table
2).

The three groups were treated as if they were only one, to
carry out the association of testosterones with SHBG and
insulin. Total and free testosterone were highly correlated (r*
=0.92, p = 0.0001), but not whit SHBG (r* = -0.04, p = 0.68;
r = 0.08, p = 0.09, respectively); the total and free
testosterone were not correlated to insulin (r* = 0.0007, p=0.9;
r> = 0.001, p=0.9, respectively).
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Table 2. Biochemical blood markets of competitive bodybuilder’s athletes, users of anabolic androgenic steroids and/or growth hormone AAS/GH (A),

amateur strength athletes drugs free (B), and sedentary persons (C)

Blood Variables - Median: min-max Group A Group B Group C p*
TT (ng/dL) 582: 52-1500 448:148-817 577: 305-805 0.9704
FT (pmol/L) 802: 60-2200 415: 188-685 507: 321-763 0.7243
SHBG (nmol/L) 3.2: 2-10° 25: 5-38° 25: 17-36" 0.0007
Insulin (mU/L) 2.6:2.3-11.5% 6.1: 1.5-8°° 8.6: 3.1-11.5" 0.0352
Cortisol (ug/dL) 15.1: 10.5-18.0 14.4: 11.3-16.3 16.5: 5.2-19.2 0.7171
Leptin (ng/mL) 2.0:0.5-11.6 2.0:1.3-8.0 3.75:1-8.3 0.7583
GH (ng/mL) 0.26: 0.01-2.0% 0.08: 0.01-1.2%° 0.04: 0.01-0.2° 0.0356
LDH (U/L) 553: 458-743° 370: 152-599° 340: 169-460° 0.0025
CPK (U/L) 1050: 33-2540° 444: 164-1742° 91: 74-195° 0.0034
AST (U/L) 50: 36-88° 31: 20-51°° 20: 11-52° 0.0070
ALT (U/L) 55: 24-133° 22: 17-43° 18: 14-156" 0.0090
ALP (U/L) 76: 42-130 61: 41-128 80: 60-106 0.3828
Urea (mg/dL) 49: 33-72° 32: 27-39° 32: 22-45° 0.0060
Creatinine (mg/dL) 1.1:+1.0-1,4° 1.0: 0.9-1.2%° 0.9:0.7-1,1° 0.0030
TC (mg/dL) 172:107-336 142: 100-194 174: 141-193 0.4236
TAG (mg/dL) 75: 42-155 54: 41-161 97: 46-186 0.2738
VLDL-c (mg/dL) 15: 8-31 11: 8-32 19: 9-37 0.2888
LDL-c (mg/dL) 139: 79-291% 84: 60-145° 104: 69-138*° 0.0272
HDL-c (mg/dL) 16: 10-22° 36: 25-77° 44: 36-47° 0.0004
Homocysteine (umol/L) 9.4:5.7-11.7 9.1: 5.0-56.6 7.5:5.3-12.5 0.5655
TC/HDL-c index 11.9: 5.3-18.7° 3.3:2.5-7.6" 3.8:32-5.3° 0.0006
LDL/HDL 10.0: 3.9-16.2° 2.0:1.4-5.8° 2.3:16-3.8° 0.0005
TT/Cortisol 39.0: 3.3-128.2 29.7: 10.2-60.9 36.6: 23.7-90.2 0.6771

Values: Median: minimum-maximum Statistical Method: Kruskal-Wallis

Different letters denote p<0.05. *Variation according to the means of the column

TT (Total testosterone), FT (Free testosterone), SHBG (sex hormone binding globule), GH (Growth hormone), LDH (lactate dehydrogenase), CPK
(creatine phosphokinase), AST (aspartate aminotransferase), ALT (alanine aminotransferase), ALP (alkaline phosphatase), TC (Total Cholesterol),
TAG (triacylglycerol), VLDL-c (very low density lipoprotein- cholesterol), LDL-c (low density lipoprotein- cholesterol), HDL-c (high density

lipoprotein- cholesterol).

4. Discussion

The profiles of the groups here studied were homogeneous,
with the exception of BMI, which was higher in the
bodybuilding (Group A), how expected [20]. Half of the
Group A sample used 03 or more drugs, and the vast majority
was prescribed by the teacher, different what was observed
in another study that from 15, only one subject combined two
AAS [24]. This denotes the importance of clearing policies
among athletes and in the gyms, where young people have
used these drugs indiscriminately [2, 3, 6].

In general, the blood biochemistry was worse for Group A,
that are in agreement with others [1, 12, 13], but this did not
occur in a manner as intense as it did in these studies. It may
be that some protective effect of physical exercise was acting,
or even that the degree of toxicity of these drugs was not as
intense as expected. This situation also having been observed
in other studies [8, 15, 17, 18].

Reinforcing this rationale, the physical exercise per se

should be had a protective effects in the AAS/GH user,
similar that observed in a study with stanozolol-treated rats
in that the physical exercise neutralize the unwanted effects
of the drugs [15]. In this regard, in the present study the
stanozolol was the drug more consumed by the athletes.
Different this, Souza and colleagues saw that just one subject
of 15 from a group of AAS users consumed stanozolol and
11 they made use methyldrostanolone. The nandrolone
decanoate and durateston were also consumed by one
individual each [24]. Others found that in bodybuilders
researched, the subjects used a variety of oral and parenteral
AAS, in a cyclic fashion, typically spending 6-10 weeks on
cycle, followed by 4-8 weeks off cycle [25]. These
evidences that the variations in consumption should be the
rule, not the exception, including a tough challenge to
researcher these groups of athletes.

Cortisol, total and free testosterone did not differ between
groups, but, the SHBG a globulin attached to circulating
testosterone together with albumin, was significantly lower
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in Group A. These results are controversial in literature with
serum testosterone increases in AAS users [26], but observed
by others a significant reduction in total testosterone [7, 10]
and SHBG in AAS users [18] compared to non-users. We
have found a great variability in the Group A and is possible
that the use of AAS in a certain phase of the cycle alters the
endogenous production of testosterone and SHBG, what was
concluded in this regard in a systematic review [3].

This reasoning is reinforced by the amplitude of the total
and free testosterone levels within Group A in which there
were three individuals with low levels (52 to 74 ng/dL; and
60 to 100 pmol/L) and three with high levels (1382 to 1500
ng/dL; and 1970 to 2200 pmol/L) respectively. Total and free
testosterone were well correlated one each other but they
were not significantly correlated to SHBG; in this respect
differently to another study that find a good correlation of
SHBG and total testosterone but, like us, no correlation of
SHBG and free testosterone and a good correlation between
testosterones total and free [27]. This sounds that the
mechanisms involved were influenced by discrepant factors,
like different kind of drugs and individuality.

The other reasoning is that the physical exercise per se
increases the level of the testosterone free and total, [28]
cortisol and GH [29], what confound just the ergogenic aid.
With reference to the high concentrations of GH, significant
difference was shown only when Group A was compared
with Group C. Furthermore, in Group A, four athletes were
making use of exogenous GH. In this sense, one of the
bodybuilding presented a very low value and one of the
Group B was the second highest value of all for the GH.

It is known that the high intensity of training as well as
high levels of total and free testosterone are inversely
correlated with the level of fasting insulin [27]. The fasting
insulinemia was shown to be lower in Group A, with
significance only with regard to Group C and different from
that observed in the aforementioned study, showed no
association with total and free testosterones. However, the
situation observed here, suggests that the AAS/GH had a
negative impact on insulin, in addition to the regulation
caused by high intensity exercise. No athlete declared
making use of exogenous insulin.

The cortisol, TT/cortisol ratio and leptin levels did not
differ among the groups. The increase in cortisol production
may be attenuated by the use of AAS, even during bout
of intense training [7]; but this is not linear which other
study found the reduction in cortisol in placebo and
19-norandrostenedione groups but not in testosterone
undecanoate after a maximal treadmill test. Yet, different of
us, this study found that TT/cortisol ratio increase
significantly in placebo but not in the other two groups [10].
In regard leptin, the consumption of AAS was associated
with its decreases [25], condition that was not observed by
us.

Intense training promotes muscular micro injuries, which
increase the CPK [7, 10] and LDH enzymes [30], which
apparently occurred in the groups that trained, however, not
systematically. The LDH level was significantly higher in

Group A compared with the other two groups, but they did
not differ between Groups B and C. CPK was higher in
Groups A and B compared with Group C, but although it has
statistical difference just between A and C, it is importantly
increased in Group A. Another studies found no difference in
this enzyme in bodybuilding [31] and endurance athletes [10]
users and non-user of AAS. Contrary this, AAS-users
increase less than non-user and return to basal levels in 24 h
while non-users remained elevated in CPK levels after a bout
of intense resisted exercise [7].

Even though those not all cardiac risk factors altered in our
study, some important variables were impaired in Group A.
The reduced levels of SHBG [27], HDL-c [11, 18], and
increased levels of LDL-c [11], TC/HDL and LDL/HDL
ratios (2.5 and 2.6 x above normality respectively; [22])
observed in Group A, increased the risks for cardiac diseases.
In this regard, several studies have noted worsening of the
condition and even the development of cardiovascular
diseases with the use of AAS [1, 11, 13].

On the other hand the alterations induced by the AAS in
TAG, total cholesterol and homocysteine levels, also risk
factors for cardiovascular diseases [5, 26], were at normal
levels in Group A. Another study observes reduction in HDL
but not changes in LDL [18], demonstrating the complexity
these systems interaction. However, our results corroborated
those of Zmuda et al. [26], who also suggested that the AAS
did not interfere in homocysteine.

One of the main side effects related to the use of AAS is
hepatotoxicity, including elevated blood levels of these
enzymes [11]. In Group A, the levels of hepatic enzymes
AST and ALT were elevated, begin significantly different
compared with Group C as regards AST, and to the other two
groups in the case of ALT, denoting a degree of
hepatotoxicity.

The creatinine increases in Group A was expected [11],
but was discreetly and with significance only in comparison
with Group C. On the other hand, urea was shown at higher
levels in Group A compared with the other groups. Because
it is the end product of protein metabolisms, this alteration is
related to the increased organic needs with the athlete’s
routine and the use of AAS increases the demand for muscle
protein synthesis and in protein intake [17].

The physical activity is a protective factor against renal
disease [32]. But, the side effects of AAS on this system have
also been documented [11], and although rare, they are only
partially explained by the elevation of the variables
discussed in the previous paragraph. According to Daher
et al. [33], acute kidney failure is not frequently reported in
AAS users, although in the majority of cases this would be
derived from hypercalcemia, resulting from volume
depletion and renal vasoconstriction. The results are limited
and confounding, since they are obtained from the
combination of different drugs protocols [11].

Therefore, the main limitations of the present study were
due to the small n, dynamic action of the use of ergogenic
resources, should be cautious in generalizing. However,
these are difficult conditions to achieve due to the use of
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different types and doses of AAS/GH [5], particularities of
the training sessions, the athletes' adhesion to the study [3]
and confidence in the answers, one time that there are banned
substances and that have social reprobation [2]. In this
context, although we explained all the criteria concerning
secrecy/confidentiality of the information, over a year was
needed to convince only eight bodybuilders to participate
and schedule collections of the required blood samples.
Another seven athletes scheduled to participate did not
appear for the collections and other exams programmed,
such as the electrocardiogram, map, echocardiogram and
carotid Doppler were not performed, because we were
unable to get the bodybuilders to appear on another day for
collection. The strong point of the study was the use of a
group who did similar training to that of the bodybuilding,
but without the use of AAS/GH, and a sedentary group
without exercise and without drugs, thereby neutralizing the
effect of exercise per se, as a biochemical modulator.

5. Conclusions

The chronic and prolonged use of AAS/GH is a risk factor
for cardiovascular, renal and hepatic disease, suggested by
the biochemical alterations observed in the present study.
However, these alterations were of a smaller magnitude
when compared with some other studies [12, 13, 34] and
partially with others that did not present alterations of
significance to health [8, 14, 15, 17]. Therefore, there are still
gaps in the knowledge about the effects of AAS/GH used
by athletes [3], and which shall be pursued in future better
controlled studies with functional measurements, and
experimental counter proof. It is imperative to adopt policies
that may disclose and prevent the effects of the
indiscriminate use of AAS/GH in particular by the public
that attends health clubs.
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