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Abstract Anabolic androgenic steroid (AAS) abuse has
become a public health problem in many countries, and is
associated with many psychiatric disorders. Epidemiological studies have also found increasing numbers of sleep disorders reported by individuals using AASs. The purpose of
this study was to evaluate sleep patterns and disorders in
anabolic androgenic users who practice resistance exercise.
The sample comprised 58 males divided into three groups:
(1) 20 current AAS users aged 26 § 1.2, (2) 21 controls
with no history of AAS use, aged 26 § 1 and (3) 17 sedentary men with no sleep disorders aged 27.2 § 0.34. The
volunteers spent a night in the sleep laboratory for polysomnography. Comparing the three groups, the user group
showed reduced sleep eYciency and more wakings after
sleep onset than the sedentary group (P = 0.001). The sedentary group showed a higher percentage of stage 4 than the
non-users group. We suggest that using of anabolic steroids
reduced sleep eYciency and alters sleep architecture.
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Introduction
Anabolic androgenic steroids (AAS) abuse has become a
public health issue in many countries (Yesalis et al. 1993),
and is associated with a large number of side eVects, especially in long-term users, including atherogenesis, gynecomastia, liver disorders and suppressed neuroendocrine
function (Anthony 1988; Dhar et al. 2005; Lane et al. 2006;
O’Connor et al. 1990). In particular, the negative feedback
action appear to induce the suppression of the circulation of
luteinizing hormone (LH) and follicle stimulating hormone
(FSH), by the action of androgen on the hypothalamic-pituitary axis (MacIndoe et al. 1997). Moreover, AAS use may
cause psychiatric disorders such as hypomania, aggressiveness and mood disorders, and a reinforcing eVect, has also
been observed (Brower, 2002). In addition to behavioral
eVects, epidemiological studies showed increased sleep disorders among AAS users (Eklof et al. 2003; Kindlundh
et al. 1999; Korkia and Stimson 1997; Parkinson and Evans
2006). A recent study found that 496 of 500 subjects had
side eVects related to AAS, and almost half reported insomnia when using anabolic steroids androgenic (Parkinson
and Evans 2006). Sexual desire was boosted and there was
a feeling of being energized with reduced sleep need after
methyltestosterone administration, and use was correlated
with elevation of 5-hidroxyindoleacetic acid (5-HIAA;
Daly et al. 2001). Leibeluft et al. (1997) described an
increase in stage 4 non-REM sleep (NREM) and a tendency
for increased latency to onset of REM sleep (Leibenluft
et al. 1997). More recently, (Liu et al. 2003) found reduced
total sleep time, lower sleep eYciency, and less percentage
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NREM sleep as well as increased stage 2 sleep. In relation
to sleep respiratory disorders, Sandblom et al. (1983)
detected increased apnea rates after high doses of testosterone (T). However, there have been contradictory research
Wndings in relation to sleep architecture and exogenous
administration of T (Leibenluft et al. 1997; Liu et al. 2003).
It has been suggested that the increase in the plasma levels
of T raises nocturnal metabolic expenditure (White et al.
1985), leading to lower sleep quality (Bonnet and Arand
1995).
The individuals who intake AAS are engaged in a typical
resistance exercise to improve their muscle mass by hypertrophy (Hartgens and Kuipers 2004). Resistance exercise is
known as a method of improving the functional capacity of
the neuromuscular system. Depending on program design,
resistance exercise is capable of enhancing each of the
functional constituents of the neuromuscular system, that
is, strength, power, and local muscular endurance (Deschenes and Kraemer 2002).
American Sleep Disorders Association considers physical exercise to be a modality of non-pharmacological
treatment for sleep disorders (Driver and Taylor 2000).
Acute physical exercise results in a transient reduction of
sleepiness that depends on the intensity and the time of
day at which the exercise is performed. This reduced
sleepiness might be due to the fact that physical exercise
increases total sleep time (Youngstedt et al. 1997), delays
REM sleep, increases stage 4 and reduces REM sleep time
when we compare sedentary and physically active
individuals.
We can Wnd these answers in the studies which used
aerobic exercise and it is the most studied kind also
found in the literature, instead of anaerobic or resistance
training that show inconclusive data (Driver and Taylor
2000). Accordingly, Montgomery et al. (1988) found
that individuals who have practiced strength training
show no alteration in slow wave sleep (SWS) or another
stage, but the tendency was that exercise negatively
aVects sleep. Yet, with respect to the type of training,
another study compared aerobically trained endurance
runners, power trained weightlifters and bodybuilders,
kind of athletes with mixed anaerobic and aerobic, the
power training, with unWt, non-athletic sedentary group
where only aerobic group showed more SWS and NREM
sleep, slept longer, and had shorter sleep onset latencies
(Trinder et al. 1985).
Therefore, the objective of the present study was to
evaluate sleep pattern, eYciency and potential disorders
in AAS users practicing resistance exercise. To the best of
our knowledge, this study is the Wrst to use polysomnography to evaluate sleep patterns in AAS users based on
compositions and dosages commonly associated with
abuse.
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Methods
Subjects
The Research Ethics Committee at Universidade Federal de
São Paulo authorized all experimental procedures (# 1309/
02) and three groups of males were recruited. Two who
regularly practiced resistance training and one sedentary.
They were classiWed as follows: (1) 20 current AAS users,
via oral or injection routes (user group); (2) 21 non-users
doing the same type of training and schedule (hours/week);
and (3) 17 sedentary males with no sleep disorders and nonusers of AAS. This group was used to exclude the interference of exercise in sleep patterns.
Recruitment process
Volunteers were selected from the responses to the advertisements in gyms in São Paulo and from anabolic androgenic steroids discussion forums on the internet. The
exclusion criteria were: users of psychotropic drugs; individuals taking more than 15 doses of alcohol a week
(+30 g/day); those who had made transmeridian journeys
(altering sleep/wake cycles) within the past 12 months; and
those scoring (>5) on the Pittsburgh scale (Buysse et al.
1989). Individuals voluntarily reporting AAS use and those
who said they had never used the drug were submitted to
blood level exams for total testosterone, luteinizing- and
follicle- stimulant hormones and estradiol to indirectly
assess anabolic steroid use. After initial evaluation, we randomly selected user and non-user group members among
individuals who agreed to participate in the study.
Those recruited for the research protocol presented no
electrocardiogram or echocardiogram alterations during
repose, or metabolic alterations in biochemical exams
(complete hemogram and fasting glycemia).
The drugs used by members of the user group had been
purchased from non-medical sources, and the mean duration of use was 9 § 2.56 weeks. They were self-administering a mean weekly AAS dose of 653.4 § 99.47 mg using
two or more kinds of AAS simultaneously (stack), and
alternating amounts (pyramid). Stack refers to using two or
more drugs in the same cycle of drug administration, while
pyramid involves moving from lower to higher dose followed by gradual returning to initial dose. AAS varieties
administered by intramuscular injections were nandrolone,
stanazolol and diVerent esters of testosterone. Substances
taken orally included oxandrolone, oxymetholone and stanazolol. Since the time expended and the amounts of drugs
were similar in both the ways of administration, we do not
consider this as a variable.
The volunteers selected for the user group had already
been using AAS prior to recruitment, and were fully
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responsible for the whole procedure. At no time the
researchers encouraged the use of the drug. Moreover, as
part of selection, volunteers signed a declaration in which
they stated that they were aware of their drug use and the
risks of abuse.
Polysomnographic analysis
Volunteers were evaluated at the Psychobiology Department’s Sleep Laboratory (UNIFESP) on two consecutive
nights. The purpose of the Wrst night was to adapt to sleep
measurement equipment and the experimental procedure in
order to reduce the novelty eVect. Sensors were positioned
but no polysomnographic readings were taken until the second night. Starting time was 20:30–21:30 h and data were
recorded for at least 7 h. Sleep variables were collected and
recorded using ampliWers and preampliWers (Meditron™)
and a computerized sleep system (Sonolabs®Meditron, São
Paulo, Brazil), with sampling frequency 256 Hz per channel. We collected a total of 4 EEG derivations (C3-A2, C4A1, Fz-A1, O1-A1), 2 electrooculogram channels, 2 electromyogram channels (submentonian and legs) and one
ECG derivation (V2 modiWed). The polysomnographic
study followed the RechtschaVen and Kales (1968) classiWcation of sleep stages.
In order to monitor volunteers’ breathing we used: (1)
nasal cannula with a pressure transducer; (2) oral air-Xow
monitoring; and (3) two thoracic and abdominal eVort
channels. We also used a Nellcor™ oximeter to obtain volunteers’ pulse oximetry to verify O2 saturation. To analyze
the breathing events utilizing the criterions of the AASM
(AASM 1999).
We analyzed the following sleep parameters: sleep
latency (three consecutive epochs of certain sleep stages),
total sleep time (TST), sleep eYciency (percentage
obtained on dividing total sleep time by total recording
time), wakefulness after onset of sleep (WASO), REM
sleep, non-REM sleep stages 3 and 4 (as percentages),
REM sleep latency (time from sleep onset to Wrst REM
sleep epoch), AHI (the AHI was calculated as the sum of
apneas and hypopneas by hour of sleep) and O2 saturation.
Analysis of the hypothalamus–pituitary–gonadal axis
(HPG)

10 ng/dl for testosterone (Ortho-Clinical Diagnostics Inc.,
Amersham, England), 7.0 pg/ml for estradiol (Advia Centaur), 0.3 mU/ml for FSH and 0.07 mU/ml for LH. Since
the use of AAS lead to increased levels of E2 and a reduction in LH and FSH levels, these results enabled us to indirectly conWrm AAS use (Baume et al. 2006; Hartgens and
Kuipers 2004; Karila et al. 2004).
Statistical analysis
Data were expressed as mean (SEM). The Kolmogorov–
Smirnov test was used to assess normal-distribution data
and one-way ANOVA followed by Tukey test to compare
groups. The signiWcance level was at (P < 0.05). We used
STATISTICA (StatSoft, Inc.) for statistical analyses.

Results
Descriptive analysis
Age and height were consistent among all three groups, but
user group members presented higher body mass index than
the other groups (P < 0.001; Table 1).
Hormonal parameters
The AAS use causes a signiWcant alteration in HPG axis
hormones. The one-way ANOVA test showed diVerences
for LH (F2.49 = 17.58; P < 0.0001), FSH (F2.49 = 17.58;
P < 0.0001) and E2 (F2.49 = 12.70; P < 0.0001). The post
hoc test showed signiWcantly reduced plasmatic concentrations of LH, FSH and higher levels of the E2 in the user
group compared with the non-users and sedentary groups
(P < 0.0001). The user group showed higher levels of testosterone than the sedentary group (P < 0.04; Table 2).
Polysomnographic evaluation
The AAS users showed altered sleep eYciency
(F2.56 = 7.97; P < 0.001). The post hoc test revealed a
diVerence between the users compared with the non-users
and sedentary group (P < 0.001; Fig. 1a). No diVerences
Table 1 Sample—descriptive analysis

In the morning after the adaptation night, samples of blood
from the anticubital vein were collected to analyze hormones in the HPG axis. An aliquot of serum was frozen at
¡20°C until assayed for hormones. Testosterone (T),
luteinizing hormone (LH), follicle-stimulating hormone
(FSH) and estradiol (E2) were measured by chemiluminescent immunometric assay (Advia Centaur, Bayer Corporation, Tarrytown, NY, USA). Detection thresholds were

Sedentary group Non-user group User group
26.01 § 1.0

26 § 1.2

Body mass
25.35 § 0.4
index (BMI)

Age

27.2 § 0.34

23.35 § 0.42

26.68 § 0.97*#

Height (m)

1.75 § 0.01

1.79 § 0.02

1.75 § 0.01

Anova test * diVerent from sedentary group and # diVerent from nonuser group
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Table 2 Hormonal parameters at time of study in sedentary, non-user
and user groups
Hormones

Sedentary
group

Non-user
group

Total
testosterone
(nmol/L)

554.8§ 41.00 697.51 § 50.39 873.33 § 131.66*

LH (IU/L)

4.53 § 0.43

FSH (IU/L)
Estradiol
(pg/mL)

User group

3.99 § 0.27#

1.29 § 0.50*

3.15§ 0.411

2.40 § 0.24#

1.06 § 0.30*

32.4 § 2.9

38.20 § 4.29#

93.86 § 14.70*

Values presented as mean § standard error of mean. * DiVerent from
sedentary group and # diVerent from user group. Anova test followed
by post hoc Tukey test

were detected between groups in REM sleep onset latency
(P > 0.05).
There were no statistically signiWcant diVerences in
sleep onset latency, stage 1 sleep, REM sleep or stage 3
sleep (P > 0.05). However, the one-way ANOVA test
showed a signiWcant diVerence in WASO (F2.56 = 5.52;
P < 0.05). Post hoc analyses showed that the user group had
higher proportion of WASO than the sedentary group
(P < 0.001). Analysis showed diVerence in stage 2 sleep
(F2.56 = 8.02; P < 0.05) and Tukey’s test showed diVerence between the users and non-user group in relation to the
sedentary group (P < 0.001). There was a diVerence in the
percentage of stage 4 sleep (F2.56 = 8.94; P < 0.001). The
post hoc analysis showed that the sedentary group had a
higher percentage of stage 4 sleep than the non-user group
(P < 0.0001). There was no diVerence regarding basal saturation of O2, PLM index or AHI (P > 0.05; Table 3).

Discussion
The results of the present study show that AAS use associated with resistance exercise may alter user sleep patterns.
In this respect, we found reduced sleep eYciency and a
higher percentage of WASO. Interestingly, both user and
non-user groups showed an elevated percentage of stage 2

A

Sedentary
TST (min)

387. 44 § 7.99 377.10 § 7.48

351.92 § 16.26

6.49 § 2.02

12.32 § 2.53

WASO (%)

5.32§0.48

10.02 § 1.42

18.15 § 4.37*

3.05§0.35

1.99 § 0.24

2.34 § 0.41

Stage 2 (%)

51.86§1.52

60.98 § 1.71*

59.41 § 1.76*

Stage 3 (%)

3.97§0.31

4.56 § 0,44

3.87 § 0.61

Stage 4 (%)

19.00§1.42

11.29 § 1.0*

14.79 § 1.35

REM Sleep (%) 22.04§1.16

21.16 § 1.39

18.66 § 1.53
4.98 § 1.30

AHI/h

2.85§0.35

3.16 § 0.35

SaO2 (%)

95.2§0.87

95.09 § 0.38

95.15 § 0.37

PLM/h

1.56§0.54

1.81§ 0.60

4.11 § 1.58

Values presented as mean § standard error of mean. * DiVerent from
sedentary group. Anova test followed by post hoc Tukey’s test

sleep compared with the sedentary group. Furthermore,
both groups (users and non-users) showed the same percentage of stage 4 SWS, while the sedentary group showed
statistically signiWcant diVerences for this parameter.
In 1997, was observed a tendency for an increase in
REM sleep latency and stage 4 SWS in normal sedentary
individuals who were using 200-mg testosterone enanthate
doses every 2 weeks for 1 month (Leibenluft et al. 1997).
On the other hand, they found reduced sleep eYciency,
increased stage 2 sleep, a lower proportion of non-REM
sleep and less total sleep time in volunteers who received T
in 200, 250 and 500 mg doses every 2 weeks (Liu et al.
2003). Other researchers failed to Wnd alterations in parameters related to distribution of sleep stages or any other
sleep architecture variables. However, administration of T
increased the AHI (Matsumoto et al. 1985; Sandblom et al.
1983; Schneider et al. 1986).
Our results agree with data reported by Liu et al. (2003)
in relation to reduced sleep eYciency. We may infer that
high doses used by volunteers in the user group aVected
reduced sleep eYciency, since higher plasmatic and androgen levels raise nocturnal metabolic expenditure (White

SE (%)

100

50

Sedentary
Non-users
users group
100
95
90
85
80
50

25
0
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13.97 § 3.16

Stage 1 (%)

B

75

Non-user group User group

Sleep latency
(min

125

ROL (min)

Fig. 1 a REM sleep onset latency (ROL) and b sleep eYciency
(SE) for sedentary, non-user and
user groups. * DiVerent from
sedentary group and # diVerent
from non-user group. Anova test
followed by post hoc Tukey test
(P < 0.001)

Table 3 Mean (SEM) values for polysomnographic parameters in the
sedentary, non-user and user groups

0

*#
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et al. 1985), which may cause sleep fragmentation and so
lower-quality sleep (Bonnet and Arand 1995). It is also
postulated that androgens, which have the capacity to interfere in serotoninergic neurotransmission (Fink et al. 1999),
alter the action of the latter and induce longer periods of
wakefulness (Daly et al. 2001), which would in turn reduce
sleep eYciency.
In addition, steroid hormones act on the central nervous
system by means of neurosteroids, compounds derived
from sexual and steroid hormones. These substances may
or may not be synthesized in the central nervous system,
altering neuronal excitability through interaction with
membrane receptors of the various neurotransmitters,
mainly those of the GABAergic system (Rupprecht 2003;
StoVel-Wagner 2001). The high E2 concentrations
observed in the user group might have increased neurosteroid levels and contributed to the down-regulation mechanism of the ligand sites in the GABAA receptors
(Beyenburg et al. 2001). This reduction in ligand sites may
have boosted neuronal excitability, thus reducing sleep
eYciency.
Another hypothesis is that highly intensive training without suYcient recovery time between sessions may lead to
wakefulness periods after sleep onset by increasing sleep
fragmentation and changing sleep duration stage 2 in both
user and non-user groups (Driver et al. 1994; Shapiro
1981).
Certain limitations in our research should be considered
when incorporating Wndings to the literature. Firstly, we
obtained our results from a single polysomnographic analysis while volunteers were using AAS. Therefore, there may
be changes in relation to the variables measured over the
drug administration cycle. Secondly, users were using
many compounds simultaneously so we were unable to
determine which if any caused alterations observed in the
study.
In conclusion, AAS use reduced sleep eYciency and
have relatively discrete eVects on sleep architecture. Moreover, strength exercise may cause the slight change in sleep
stage 2 and WASO found in both user and non-user groups.
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