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Abstract

Background: The use of androgenic anabolic steroids (AAS) is prevalent among young bodybuilders, motivated by
aesthetic results. Although the medical community condemns this practice for its potential deleterious effect, we
must recognize the need for more scientific research on the likelihood and magnitude of the adverse events.

Objective: To evaluate whether high-quality, scientific evidence supports that AAS negatively affect lipid profile
and promote muscle hypertrophy in resistance training practitioners.

Methods: A systematic review of the literature of randomized clinical trials was conducted in the PubMed /
Medline, Scielo and Science direct databases. The searches were conducted by two independent researchers by
June 2018. A significance level of 5% was considered in the analysis.

Results: Six clinical trials involving 170 resistance training practitioners were included. A significant heterogeneity
was found in studies evaluating the effects of AAS on lipid profile and muscle hypertrophy (I = 97, 95 and 91%,
respectively), with no significant effects on HDL-cholesterol (-5.62mg/dL, 95%CI -12.10, 0.86, p= 0.09), LDL-
cholesterol (7.76 mg/dL, 95%CI -9.70, 25.23, p= 0.57) and muscle hypertrophy (2.44kg 95%CI 0.02, 4.86, p=0.05).

Conclusion: Current evidence does not support that low-to-moderate doses of AAS cause serious negative effects
on lipid profile or promote muscle hypertrophy in resistance training practitioners.
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Introduction

After the discovery of the effects of testosterone
on muscle strength and hypertrophy, a synthetic
formula of this hormone was developed in the late
1930s and came to be called androgenic-anabolic
steroids (AAS).! These drugs have been used legally
by particular individuals, such as the elderly,
patients with acquired immunodeficiency syndrome,
hypogonadism, anemia that accompanies renal
failure, bone marrow failure, endometriosis, cancer

and osteoporosis.?

The use of AAS by young sports practitioners has
increased due to the need to obtain results in the short
term, such as breaking records in competitions, and for
muscle hypertrophy, either for aesthetic or bodybuilding
purposes.>* However, these substances are known
to be associated with adverse effects, including acne,
testicular atrophy, mood changes, water retention and
gynecomastia. The prevalence of use of AAS varies across
geographic regions, ranging from 0.2% in Asia, 4.8% in
South America, reaching 21.7% in the Middle East.’

In addition, biochemical changes induced by AAS can
promote changes in the lipid profile, characterized by a
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decrease in high-density lipoprotein cholesterol (HDL-c)
levels and increase in low-density lipoprotein cholesterol
(LDL-c) levels by changes in apolipoproteins Al,
synthesis of apolipoprotein B, and activation of hepatic
lipase. Changes in lipid and lipoprotein metabolism are
risk factors for atherosclerotic disease and risk predictors
of coronary artery disease and cerebrovascular disease,®
and therefore, AAS-induced changes in lipid metabolism
can increase the risk of acute myocardial infarction and
sudden death.”

Despite these cardiovascular® and metabolic' problems
associated with the use of ASS, some authors have
questioned this association due to the reduced number
of randomized clinical trials on this subject,’ mainly for
ethical reasons involved in studies with young athletes
or practitioners of physical exercises.!

In parallel, we observed that there is a conflict in
the literature regarding which AAS and doses would
cause greater changes in lipid profile, and which ones
would be safer from the risk-benefit point of view "3
Other factors known to affect influence lipid levels must
also be considered, such as genetic rearrangements and

users' diet."1®

Therefore, the purpose of this review was to assess
whether high-quality scientific evidence supports that
AAS negatively affects the lipid profile and promotes
muscle hypertrophy in resistance trainers.

Methods

A systematic review of the literature was carried out
following the preferred reporting items for systematic
review and meta-analysis protocols (PRISMA-P)
statement.'® The review protocol was registered in
PROSPERO (CRD 42018086525).

Literature Search Strategy

The databases used were PubMed / Medline, Scielo,
and Science direct, and the following Mesh terms and
names of the main AAS used in the search: “anabolic
androgenic steroids”; “testosterone congeners”;
“testosterone”; “resistance training”; “strength training”;
“resistance exercise”; “strength exercise”; “HDL";
“LDL”; “lipoprotein”; “triglycerides”, using the Boolean
operator "and". In addition, all terms were translated into
Portuguese and used for searches in Portuguese language

databases. The searches ended in June 2018.

Inclusion and Exclusion Criteria

The inclusion criteria for the articles were: randomized
clinical trials that evaluated the effects of AAS in healthy
adults who did resistance training and were evaluated
for the following outcomes: HDL, LDL, TG and muscle
hypertrophy. Articles that did not use control groups, that
did not present a detailed description of the resistance
training program, and studies including patients that
used any medication that could influence the lipid profile
were excluded.

The Kappa coefficient was calculated to identify the
level of agreement between researchers.

Data Collection

Two independent researchers (M.C.C.T and C.L.S.L.P)
selected the articles by titles, excluding those that did not
address the proposed theme. Then, the abstracts were
analyzed to identify the articles that met the inclusion
criteria.

Subsequently, studies that met the inclusion criteria
were selected for systematic review and subsequent
meta-analysis. In case of divergence, a third researcher
(C.K.C.S) was consulted. The relevant data were extracted
from the included studies by two independent reviewers
(CLSLP and MCCT) — mean + standard deviation (SD)
of pre- and post-intervention period, and changes
from baseline (post-test - pre-test) and pooled SD. Data
presented in mmoL/L were converted to mg/dL.

The studies that did not present grouped SD of
one of the interventions had their values estimated
through p-value, confidence interval, or correlation
coefficient, and a correlation of R = 0.80 was adopted in
the calculations.!”

Risk of Bias

The risk of bias was assessed by the Cochrane
Collaboration's Risk of Bias Tool 1.0. The tool was used
in its full version, with no insertions or changes in any of
its seven domains,'® which were assessed independently
by two reviewers (M.C.C.T and C.L.S.L.P).

The following domains were considered for bias
assessment: (a) selection bias due to the generation of
random sequence, (b) selection bias due to allocation
concealment, (c) performance bias, (d) detection bias,
(e) attrition bias, (f) reporting bias and (g) other bias.
The supporting material of the RoB 1.0 tool (no internal
assumptions were made) was used as support for the
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evaluation of the domains. Discrepancies were resolved
by consensus between the reviewers. The data are shown
in Figure 6.

Meta-analysis

The meta-analyses were conducted using the Review
Manager software (RevMan 5.3. Copenhagen: The
Nordic Cochrane Center, The Cochrane Collaboration,
2014). Random effect models with inverse variance
method for continuous data were adopted, and
data were expressed as difference of means and
confidence intervals (95%CI). The heterogeneity
between the studies was calculated using Cochrane's
Q analysis with a statistical significance level of 0.10
for heterogeneity, and the I? for inconsistencies in
treatment effect sizes (12> 50% accepted for substantial
heterogeneity)." For exploration of heterogeneity
among studies, each study was removed one at a
time to verify whether it was a potential cause of
heterogeneity. Kappa statistics were performed
using SPSS software version 21 to identify the
agreement in the selection of studies, and analysis of
the methodological quality evaluated by the Risk of
Bias Tool 1.0 tool from the Cochrane Collaboration.
Accuracy of searches was analyzed by dividing the
number of articles included by the number of articles
selected was divided after duplicates were removed.
Subsequently, the NNR (Number needed to read) =
1/ precision was calculated, according to Lee et al..

Results

After the search was complete, 9,767 articles were
retrieved from the databases. Then, 6,257 duplicate articles
were excluded. After reading the titles, 3,244 articles were
excluded and 228 were excluded after reading the abstracts.
Thus, 38 articles were selected for full reading. Then, 32
articles were excluded — 11 for not being randomized, 9
for not having evaluated the lipid profile, 7 for not having
described the use of RT, 3 for the population included in
the study (elderly individuals on hormone replacement
therapy), 1 for not having a control group and 1 for
including substances that were not AAS in the experimental
group. Therefore, 6 studies were included in the qualitative
and quantitative analyses (Figure 1). A Kappa index of
0.67 was found between the two evaluators. The search
precision was 0.0014 and the NNR was 714.

Risk of bias

Based on the Cochrane collaboration tool for
assessment of controlled clinical trials, no study was
judged as low risk of bias (Figure 6).

As for the selection bias (randomization and allocation
concealment), all studies were classified as “risk of
uncertain bias”. For performance (accreditation of
participants and professionals), approximately 33.3% of
the studies'?! were classified as “low risk”.

In the assessment of detection bias (blinding of
evaluators), only one study was classified as low risk."

Approximately 50% of the studies were classified as
“highrisk” for “attrition bias” (incomplete outcomes).!***
Four studies (66.7%) were classified as low risk for
reporting bias (selective outcome report)*?'**and two
were classified as risk of uncertain bias."'** Only two
studies were classified as low risk for other biases;?'? the
others were classified as risk of uncertain bias.

It should be noted that the studies included had a
small sample size and did not describe the evaluation
of statistical power, allowing random errors due to
low power.

In domain assessment, the Kappa coefficient for
agreement between the two reviewers was 0.70.

Characteristics of Studies and Participants

General description of the included studies is
summarized in Table 1. In total, 170 individuals
completed the studies with RT, mean sample size 22.3
+ 12.5, and age range between 18 and 65 years. The
highest mean age reported was 47 years.” Four studies
evaluated trained individuals,'"*#? only one study
included sedentary individuals,'? and one study did
not describe the physical activity status of participants,
whether experienced practitioners or beginners.? In the
meta-analysis, the number of subjects evaluated was 134,
54, 67 and 133 for the outcomes HDL, LDL, triglycerides
and muscle hypertrophy, respectively. Of the included
studies, one study evaluated lipid profile as the primary
objective,” one study did not describe dietary control/
guidance,® two studies reported adverse effects related
to acne, nipple tenderness,'! headaches, muscle cramps,
dehydration and mood swings.?! One study presented
the calculation of sampling power a posteriori for
its main outcome,? but no study presented a sample
calculation for the analyzed outcomes; all studies showed
multiple comparisons. The study by Bhasin et al.'* used
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M= 9767 records identified
through database searching
(Pubmed/Medline; Scielo and
Science direct)

M= 0 records identified through
other sources

[dentification

Selection

Eligibility

Inclusion

b

N= 6237 Records after duplicates removed

N= 3510 selected for reading
the titles

N= 3244 excluded by
titles

L J

N= 266 selected for abstract
reading

N= 228 excluded by

abstracts

L 4

N= 38 selected for full reading

v

N= 6 of studies included in
qualitative synthesis

L A

N= 6 of studies included in
quantitative synthesis (meta-

Not be RCT (11):

Did not evaluate the
lipad profile (9);

Did not describe
resistance training (7);

Did not evaluate the
population of interest

(3);

Without control group

analysis) (1).

Figure 1 - Flowchart of study selection.

More than 1 substance
in the interest group (1)

different samples for the analysis of lipid profile and

anthropometric outcomes.

Characteristics of the Interventions

Interventions lasted from 4 to 12 weeks, with a weekly
frequency of 3-4 sessions per week. Regarding the dose-

response of strength training, the volume varied from 3

to 5 sets per exercise of 3-15 repetitions at an intensity of
65 to 95% of a maximum repetition. Only Broeder et al.”?
used a non-linear (wave) periodization.

AAS doses were applied intramuscularly weekly!'22

or as capsules consumed two to three times a day, every
day.**'# The doses of injectable steroids ranged from
200mg/week of testosterone decanoate®? to 600mg/
week of testosterone enanthate.!! Only the study by
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Figure 2 — Bias risk assessment.

Bashin et al."! used supraphysiological doses. Control
groups received weekly intramuscular administration
of sesame 0il" or peanut oil,* or consumed rice flour-,"
maize starch-* or maltodextrin- derived placebos.?! The
study by Kuipers et al.* did not report the substance
used as a placebo.

AAS and HDL

Six studies were included in the statistical analysis,
which revealed substantial heterogeneity (I2 = 97%)
among the studies. Three of the six studies showed no
effects on HDL,""»* and three >*'** showed changes in
HDL levels, with only one reporting a great reduction.?
All these studies that showed changes in HDL levels
used oral prohormone drugs, whereas studies that used
injectable drugs did not show changes in HDL. In the
subgroup analysis, no heterogeneity was found between
the studies that used injection drugs (I? = 0%, p = 0.46);
however, considerable heterogeneity was found in the
analysis of the studies that used oral drugs (I> = 97%, p
<0.001).

No changes in HDL were identified with the use of
oral or injectable substances (-9.33 mg/dL, 95%CI -18.30,
-0.36, p<0.00001; I*=97% and 0.75 mg/dL, 95%CI -0.93,
2.42, p=0.46; I* = 0 %, respectively).

As shown in Figure 2, in the total analysis, no
significant difference was found in HDL-c reduction for
AAS groups (-5.62mg/dL, 95%ClI -12.10, 0.86, p=0.09; I?

=97%). In general, an average decrease of 6.2+6.1mg/dL
was observed in the AAS group after the intervention,
while a decrease by 0.8+3.0mg/dL was observed in the
control group. No great methodological heterogeneity
was identified in the studies.

AAS and LDL

Three studies that evaluated LDL-c levels were
included in the statistical analysis. The meta-analysis
revealed considerable heterogeneity among the studies
(I=95%). Only one study reported a reduction in LDL-c
levels, ! and only the study by Granados et al.?' showed a
significant increase. Due to the limited number of studies
evaluating changes in this outcome, it was not possible
to perform a sensitivity analysis of the substances used.

As shown in Figure 3, no significant difference was
found in LDL values between AAS and control groups
(7.76mg/dL, 95%CI -9.70, 25.23, p=0.57; 1> =95%). In
general, an average change of 9.1+18.2mg and 0.9+4.2mg
in LDL was found in the AAS group and control groups,
respectively, after the interventions.

AAS and Triglycerides

Four studies were included in the statistical analysis.
It was not possible to perform a sensitivity analysis of the
substances used. In the total analysis, as shown in Figure
4, there was a statistically significant difference in the
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Figure 3 — Effect of the use of androgenic anabolic steroids (AAS) on high-density lipoprotein cholesterol (HDL-c) levels.
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Figure 4 — Effect of using androgenic anabolic steroids (AAS) on low-density lipoprotein cholesterol (LDL-c) levels.

Higher LDL-C Control Higher LOL-C Contral

reduction of triglycerides for the steroid group (-11.68mg/
dL, 95%CI -23.07,-0.26, p=0.04; I? = 42%). In general an
average decrease of 5.6+24.2mg/dL and 0.8+14.4mg/dL
in triglyceride levels was observed in AAS group and
control group, respectively, after the interventions.

AAS and Hypertrophy

Considering the effects of AAS on muscle hypertrophy,
considerable heterogeneity was demonstrated (1>=91%,
p<0.00001) among the studies analyzed. Of the studies
that evaluated the effects of AAS on lipid profile, four
evaluated muscle hypertrophy, of which, two did not
demonstrate hypertrophic changes.'** As shown in Figure
5, there was no statistical difference in muscle hypertrophy
between AAS and placebo groups (+2.44kg; 95CI1% 0.02;
4.86, p=0.05). The experimental group obtained an average
hypertrophicincrease of 3.7 + 2.0 kg after the intervention,
while the control group obtained an increase of 1.4+1.1kg.

Discussion

The aim of this review was to perform a qualitative and
quantitative assessment of literature data on the effects
AAS use on lipid profile and muscle hypertrophy in
resistance training practitioners. The qualitative analysis
showed that the studies included in this review did not
have a low risk of bias. In the meta-analysis, the results
were conflicting for the evaluated outcomes.

In the analysis of the six articles that evaluated HDL
levels, we found that while three studies showed a
decrease;'>*'* the other three did not show significant
changes''*?* and Bhasin et al.!’ reported a reduction in
HDL in the control group. These data are in agreement
with a study with individuals in andropause,® which
showed that the use of steroids may not be able to
promote significant changes in HDL.” Thus, results of
this review demonstrate that the existing studies on the
effect of AAS on HDL levels indicate conflicting results.
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Figure 5 — Effect of androgenic anabolic steroids (AAS) on triglyceride values.
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Figure 6 — Effect of androgenic anabolic steroids (AAS) on muscle hypertrophy.
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Two studies, by Bhasin et al."" and Granados et al.*!
reported adverse effects of AAS, such as acne, sensitive
nipples, headaches, muscle cramps, dehydration and
mood swings. However, Granados et al.* reported
non-significant difference in adverse effects reported
between groups.

Conlflicting results were also observed for the LDL
outcome. Among the four studies included, only one
showed an increase in LDL levels,? while the others
suggested that the use of steroids, in the dosages used,
does not promote significant changes in LDL. On the other
hand, regarding triglycerides, the meta-analysis of studies
that used oral AAS drugs demonstrated a significant
decrease in triglyceride levels with the intervention.

Garevik et al.”*® demonstrated that the use of low doses
(125mg) of AAS did not alter the lipid profile, and that
changes in this outcome may be directly related to the
dose used, even when only one dose was evaluated.
This dose-response relationship was also mentioned by
Hartgens et al.” In this study,” the authors evaluated
two experiments — the use of self-prescribed drugs and
dosages versus the use of pre-established dosages that

were randomly and blindly distributed. In the first
experiment, where volunteers used drugs ad libitum
(high doses), changes in HDL were identified, however,
triglyceride and total cholesterol did not change. In the
randomized double-blind study, no significant changes
in HDL and triglycerides values were observed after
eight weeks of nandrolone decanoate (200 mg/week).
Thus, the dose-response relationship was reported at
the end of the study.

However, many studies that reported this dose-
response relationship were case studies and cross-
sectional studies, that is, the evidence may still be
contradictory.”? While changes in the lipid profile
have been demonstrated with the use of oral AAS in
randomized clinical trials, such as reduced HDL-¢!?%??
and increased LDL-c,?' other randomized controlled
trials, which used predominantly injectable substances,
had negative results.!"»*

Possible metabolic changes may be related to the
dosage and the type of substance used. It has been shown
that the dose used without medical advice is greater than
the therapeutic doses used in most clinical trials and
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Table 1 — Characteristics of the included studies

Objective / Sample (n, sex

Author vl ) Duration and intervention Drug/dosage Hypertrophy Result
To determine whether
supraphysiological doses RCT: 10 Weeks: 35 male
of testosterone, taken alone ractit‘ioners (19:40 ears) / SG: Testosterone
) or in conjunction with P Y : PPEG: 4 HDL; «> TG, LDL
Bhasin et R 4 groups (9 PGWE, 8 SGWE,  enanthate 600mg/ .
a standardized strength ’ SPEG: T FFM* e HB
al.(9) L. N 8 PPEG, 10 SPEG); 4 control week
training exercise program, X . SPEG: <> HDL
K weeks, 10 weeks treatment PG: Sesame oil
increase strength, fat-free
) and 16 weeks recovery
mass and muscle mass in
normal men
To determine the acute
and chronic effect of oral
Androstenedione on RCT. 19 sedentary men (19-29  Androstenedione .
King et al. testosterone levels, skeletal years); 2 groups SG: 300mg/day :)_) tFFMn SG: 4 HDL (12%)
(10) muscle fiber size, strength PG:10, SG:9, PG: 250mg (rice er;zlees . °
and examine its effect on RT: 8 weeks, 3x/week; flour) group
blood lipids and liver function
markers.
Study 1.
Uncontrolled
doses.
Study 1 (open). 35 men, 2 Stanozolol,
groups (CG+SG), SG:n=10 Drostanolone, Study 1
To investigate the effects Use/14week, n=9. Use/14week; Testosterone, y
; SG: ¥ HDL, { HDL2, {
of two different EAA CG: n=16. BG performed RT. Clenbuterol,
. . . HDL3, & TG, > TC
Hartgens et regimens on serum lipids and Self-administered AAS. Testosterone NE G
al.(20) lipoproteins and recovery Study 2 (RCT). 16 men (20-45 cypionate, :
. Study 2.
of these variables after drug years). SG: n=9, PG: n=7. Nandrolone
X <> HDL, HDL2, HDL3
withdrawal. RT: 8 weeks, 7-9h/week decanoate, etc. TG, & TC
Dosages during and 6 weeks Study 2. SG: !
after stopping use Nandrolone
decanoate
(200mg), PG:
Peanut oil.
5 (35-
To elucidate the physiological RCT. 50 men * (35-65 years) PG: Maize starch
PG: 18 . <> FFM?®
Broeder et al. and hormonal effects of N GDione: 200mg/
. GDiol: 17 between < HDL, TG
(19) androstenediol and oral Lo day
androtenedione in men GDione:15 GDiol: 200mg/day 8roups
RT: 12weeks, 3x/week .
Cramados et To evaluate the effects of RCT. 17 mgr}) F188-35 years) I’G:S gall;%d;xtrln
the use of prohormone on ; ) & SG: T FEM* SG:{ HDL, T LDL
al. (18) metaboli ts in men GU:9 Androstenedione,
ctabolicaspects © RT: 4 weeks, 4x/week 50mg of bergamotine
To examine the effects of
anabolic steroids on body
o le fib ECR. 14 men (18-45 years) PG: Placebo UN
Kuipers et al composition, muscle fiber SG: 6 SG: 200mg/week
dimensions, liver function and . e T FFM < HDL, <> LDL, <> TG
(21) . . PG: 8 Nandrolone
risk factors for cardiovascular
& . . RT: 8 weeks, 3-4x/week Decanoate
isease in experienced and

healthy bodybuilders.

RCT: randomized clinical trial; SG: steroid group; PG: placebo group; PGWE: placebo group without exercise; SGWE: steroid group without exercise;
PPEG: placebo plus exercise group; SPEG: steroid plus exercise group; GDiol: androstenediol; GDione: androstenedione; CG: control group; BG:

both groups; TG: Triglycerides; TC: Total cholesterol; HB: hemoglobin; RT: resistance training; NE: Did not evaluate LDL; FFM.: fat free mass; #:
hydrostatic weighing; $: DEXA; T: increase; <> : no difference; \: UN: unreported; §: Did not report physical activity status of participants; % muscle

biopsy; The level of significance adopted in the studies was 5%
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that high doses can promote metabolic changes, unlike
the usual therapeutic doses.?** Although therapeutic
doses can vary from 50mg to 144mg per day,* the usual
doses for aesthetic purposes exceed 1000mg per week.?
In addition, the oral use of AAS, especially 17-alpha-
alkylated AAS, can affect liver metabolism, as they
undergo first-pass metabolism,** thereby promoting
more marked changes.

Lipoproteins are influenced by the activity of hepatic
lipase, with formation of smaller and denser particles.*
An overexpression of hepatic lipase has a negative impact
on plasma values of HDL-c and LDL-c, and increases the
hepatic cholesterol concentrations without altering bile
cholesterol secretion.®* Therefore, hepatic lipase plays
an essential role in the negative regulation of HDL-c
levels.

Changes in lipid profile are known to increase
cardiovascular risk, which can be aggravated by other
factors such as obesity and physical inactivity.?
Usually, these risk factors are not present in individuals
who use steroids for aesthetic or competitive purposes.
However, some cardiovascular changes could be
identified among users, such as increased blood
pressure,! ventricular hypertrophy,* and endocrine
changes, such as hypogonadism,**** which can cause
chronic infertility.**> However, as in lipid variables,
there are controversies about echocardiographic results,
as demonstrated by Hartgens et al.*®

When assessing hypertrophic gain, no significant
change was identified in the overall analysis. Although
this was not the main objective of this review, the analysis
of hypertrophic gains was important to demonstrate that,
although the use of AAS did not significantly alter the
lipid profile, the doses used were also unable to promote
the changes expected by the users. Considering that one
of the main factors for the non-therapeutic use of AAS
is the concern with physical appearance,”” hypertrophic
gain is the main objective of recreational users. This may
justify the high doses used in non-therapeutic situations.

It should be noted that the studies did not present
the sample size calculation and did not report the
sample power. The study by Broeder et al.”> presents
sample calculation, however, it did not describe for
which outcome it was calculated. In addition, the study
showed a loss of follow-up of 29%, which did not affect

the sample power due to the high number of individuals
included initially.” All studies were susceptible to the
bias of multiple comparisons, since they did not clearly
present the main outcome assessed.

The gray literature and clinical trial records were
not accessed for this review. In addition, there was a
risk of bias in the included studies, which limits the
extrapolation of the results.

Pratical Applications

We conclude that current evidence does not support
an effect of low-to-moderate doses of AAS on HDL-c and
LDL-c levels. In addition, the use of AAS, in the doses
used in clinical trials, had no beneficial effect on muscle
hypertrophy.
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