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Abstract

Introduction: The use of anabolic androgenic steroids (AAS)
and other image- and performance-enhancing drugs is a
growing public health concern. AAS use is associated with
various physical and mental harms, including cardiovascular
risks, cognitive deficiencies, and dependence. The aim of this
study was to determine whether patterns of AAS use and
other variables are associated with the presence of an AAS
use disorder (AASUD). Methods: An online survey was com-
pleted by 103 male AAS consumers visiting gyms. The asso-
ciation of different patterns of AAS consumption (cycling vs.
continuous forms of AAS use), psychoactive substance use,
mental health disorders, and sociodemographic variables
with moderate-severe AASUD (fifth edition of the Diag-
nostic and Statistical Manual of Mental Disorders >4 criteria)
was investigated. The associations between duration of AAS
use and the AAS dose with moderate-severe AASUD were
investigated using logistic regression analysis with moder-
ate-severe AASUD as the dependent variable. Results: Mod-

erate-severe AASUD was present in 25 (24.3%) of the par-
ticipants. AAS consumers meeting criteria for moderate-se-
vere AASUD, compared to those that did not, in the last 12
months reported a longer duration of AAS use (in weeks), a
higher average AAS dose (mg/week), and a greater number
of AAS side effects. Duration of AAS use and the AAS dose
were the only independent predictors, with an increase of
3.4% in the probability of moderate-severe AASUD with ev-
ery week increase of the duration of AAS use in the last year
(p<0.05)andanincrease in moderate-severe AASUD of 0.1%
with every 10 mg increase in the average AAS dose per week
(p < 0.05), respectively. Conclusion: Our findings show that
moderate-severe AASUD is relatively frequent among male
AAS consumers and is positively associated with the dura-
tion and average dose of AAS use in the last 12 months.
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Introduction

Anabolic androgenic steroids (AAS) can be medically
prescribed for the treatment of delayed puberty and other
medical problems caused by testosterone deficiency. Tra-
ditionally, nonmedically prescribed AAS were used by
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competitive weightlifters, powerlifters, and bodybuilders
to gain muscle mass and strength to increase their perfor-
mance. However, since the 1970s, AAS are increasingly
used by recreational athletes to enhance physical appear-
ance. Since then, in addition to AAS, a wide range of oth-
er substances, together termed “image- and performance-
enhancing drugs” (IPEDs), including growth hormones
and fat loss drugs, are used to alter physical performance
or appearance [1, 2].

There is increasing evidence that AAS use is a growing
public health concern [3], with an estimated global life-
time prevalence in the general population of 3.3% (95%
CI: 2.8-3.8): in males significantly higher than in females
(6.4% vs. 1.6%) [4]. The prevalence of AAS use is rela-
tively high in Europe, North America, the Middle East,
Oceania (Australia and New Zealand), and South Amer-
ica (Brazil) and relatively low in Africa and Asia [5]. The
prevalence of AAS use is probably underestimated be-
cause these estimates are generally based on self-report
data and because of the illegal nature of the supply and
the secretive nature of their use [6]. In 2012/2013, about
two-thirds of new clients of Needle and Syringe Pro-
grammes (NSP) in the UK were AAS consumers [7]. In
2009, a Dutch study concluded that 8.2% of 718 members
of fitness centers used IPEDs, mainly AAS and stimulants
[8], whereas more recently, another study among 2269
male gym visitors reported that 9.0% used AAS [9].

AAS consumers with a high cumulative history of AAS
exposure are at risk for various physical problems [10],
including hypogonadism [11], cardiovascular conditions
[12, 13], and cognitive deficiencies [14]. In addition, AAS
use is associated with the use of (other) illicit substances
and AAS dependence disorder [15]. Although this disor-
der has been proposed and recognized by some [15, 16],
it is important to note that psychiatric classification sys-
tems do not recognize AAS dependence as a mental dis-
order. For this reason, Kanayama, et al. [17] decided to
use a slightly adapted version of the existing criteria for
dependence according the fourth edition of the Diagnos-
tic and Statistical Manual of Mental Disorders (DSM-4)
with the restriction that AAS dependence is only present
if there is a maladaptive pattern of AAS use associated
with clinically significant impairment or distress, mani-
fested by three or more of the seven DSM-4 criteria. Ac-
cording to Kanayama et al. [17], AAS dependence may
arise when AAS use is continued despite surging promi-
nent adverse medical and psychiatric effects.

Based on seven different studies, Kanayama et al. [17]
concluded that about 30% of illicit AAS consumers devel-
oped AAS dependence. In an online survey among regu-

100 Eur Addict Res 2023;29:99-108
DOI: 10.1159/000528256

lar US visitors of Internet discussion boards about fitness,
bodybuilding, weightlifting, and steroid use, 23.4% of 479
AAS consumers met criteria for AAS dependence [18]. A
follow-up study confirmed these findings and showed
higher AAS doses, higher quantity of agents, shorter pe-
riods without AAS consumption, and longer lifetime du-
ration of AAS use in AAS-dependent consumers com-
pared to AAS-nondependent consumers [19].

AAS dependence might be related to specific patterns
of AAS use or doses used. To avoid negative health effects
associated with continuous AAS consumption, some
AAS consumers apply “cycles” with periods of AAS use
interrupted by regular breaks with no AAS use that gen-
erally last at least as long as the periods AAS were used
[20]. Other AAS consumers apply some form of contin-
ued use which, by varying degrees, may be sustained by
positive effects during use, like the desired increase in
muscle mass and feelings of confidence and well-being
and, on the other hand, the avoidance of negative side ef-
fects, such as hypogonadal symptoms [21] that occur after
AAS use and that may withhold many AAS consumers
from cessation [22].

In the most recent version of the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-5) [23], sub-
stance abuse and dependence are merged into one sub-
stance use disorder (SUD) with different levels of severity
according to the presence of the number of criteria, rang-
ing from a mild (2-3 of 11 criteria) through a moderate
(4-5 of 11 criteria) to a severe (=6 of 11 criteria) SUD. In
this paper, we use the DSM-5 diagnostic criteria for SUD,
specifically adjusted for AAS use, to assess the presence of
a moderate or severe “AAS use disorder” (AASUD), i.e.,
participants meeting >4 (adjusted) DSM-5 SUD criteria.

Currently, there are no data in the literature about the
relationship between AAS use patterns, duration of use,
and the presence of AAS dependence or AASUD. Regard-
ing the AAS dose, several studies have noted that depen-
dent consumers took significantly more AAS than non-
dependent consumers in terms of total dose [19], total
number or length of AAS cycles, and cumulative duration
of AAS use [24]. We executed an online survey among
AAS-using male gym visitors to investigate the preva-
lence of moderate-severe AASUD (>4 DSM-5 criteria)
and to detect variables associated with AASUD, including
the pattern of AAS use, doses of AAS that were used (in
mg/week in the last 12 months), duration of AAS use
(weeks in the last 12 months), AAS side effects, psychoac-
tive substance use, and the presence of mental disorders
[19, 25]. Sociodemographic variables and the use of sup-
plements were also investigated.

de Zeeuw/Brunt/van Amsterdam/
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Methods

Study Population

This study is using a convenience sample of IPED consumers
recruited in the Netherlands. Between December 12, 2019, and
April 1, 2020, participants were contacted through social media
(Facebook, Twitter), the harm reduction agency “Mainline”
(www.mainline.nl), and the most visited Dutch forum for strength
sport and bodybuilding (www.bodybuilding.nl). In addition, par-
ticipants were recruited by posters and flyers in fitness centers and
during the biggest strength sports and bodybuilding event in Bel-
gium and the Netherlands (S.A.P. Cup: www.muscletotaal.nl/sap-
cup). Participation in the survey was open for men and women
aged 18 years or older. In the present study, participants were in-
cluded if they were 18 years or older, had used AAS in the past 12
months, and had answered the 11 questions to assess the presence
of an SUD (which equals completion of at least 70% of the survey
questions).

The survey was carried out in accordance with the Code of Eth-
ics of the World Medical Association (Declaration of Helsinki).
Participants provided informed consent before participation in the
survey. Responses were not traceable to a specific person, and no
personal data were collected. Optionally, participants could leave
an e-mail address after the survey to participate in the raffle of ten
books. The collected data were stored in a secure folder encrypted
with AES-256 encryption and maintained by Mainline with the
encryption key solely in the possession of the principal investiga-
tors.

Measurements

The online survey was designed in SurveyMonkey® (www.sur-
veymonkey.com) and in total consisted of 76 items. Survey items
related to either the participant’s behavior and experiences in the
past 12 months or the present situation, unless explicitly stated dif-
ferently, measured the following variables: demographics (age,
gender, educational level, working and partner status), sports
practice (main sport practiced, intensity and frequency of training,
competitive involvement, main sporting goal), supplement use,
AAS and other IPED use (types of AAS used, frequency of use,
route of administration, dose, pattern of AAS use, types of IPEDs
used), side effects experienced, and psychoactive substance use. In
addition, for mental health, participants were asked about their
body image satisfaction and whether they ever or currently had
one or more of the following conditions: ADHD, anxiety disorder,
depression, eating disorder, psychosis, and/or substance depen-
dence. Age of first occurrence of the mental condition and age of
first AAS use were additionally asked. Participants who had a cy-
clic pattern of AAS use were asked to rate their mental well-being
“on” and “off cycle” on a scale ranging from 0 to 10. A copy of the
survey is included in online supplement S1 (for all online suppl.
material, see www.karger.com/doi/10.1159/000528256).

AASUD was assessed by 11 yes/no questions regarding the
presence of the DSM-5 diagnostic criteria for SUD but adjusted for
AAS use [17]. In addition, the new “craving” criterion of DSM-5
(item 4) was split to make the item applicable in the context of both
intermittent and continuous patterns of AAS use. In the current
study, only participants with a moderate-severe DSM-5 AASUD
are regarded to have a clinically relevant disorder, i.e., participants
meeting >4 DSM-5 SUD criteria with AAS as the substance of
abuse. Participants with a positive response on only 2 or 3 DSM-5
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SUD criteria are not regarded to have a clinically relevant AASUD
because this may result in a high number of false positives, i.e., the
inclusion of AAS consumers reporting some problems with their
AAS use without meeting clinical significant levels of a mental dis-
order.

Statistical Analysis

Cases with a missing value on a variable were omitted from
analyses that included the variable. Adjusted sample sizes for these
cases were reported in the tables displaying the results. For the de-
scription of the study population, the normally distributed vari-
ables were expressed as means with standard deviations and for
skewed distributed variables, the medians were calculated with in-
terquartile ranges. The relationships between AASUD (yes vs. no)
with demographic factors, sports characteristics, AAS use patterns,
duration and quantity of use (AAS and other IPEDs), mental and
physical health, and lifestyle factors were explored using, respec-
tively, the Fisher-Freeman-Halton Exact test, Fisher’s Exact test,
and the independent samples ¢ test or Mann-Whitney U test for
significance. A correlation analysis was done to explore the rela-
tions of the presence or absence of moderate-severe AASUD
(DSM-5 >4) and the number of AASUD criteria with age, sub-
stance use, (non-AAS) substance dependence, mental health dis-
orders, IPED use other than AAS, and past physical or sexual
abuse, based on the literature [19, 25-27]. Variables that were sig-
nificantly associated with moderate-severe AASUD were investi-
gated further in a logistic regression analysis with moderate-severe
AASUD as the dependent variable. Significance was determined at
p value <0.05. Statistics was performed with SPSS software, version
28.

Results

Sample

Of the 189 participants, 133 (70.4%) reported ever use
of AAS. Three women, 16 men who had not used AAS in
the past 12 months, and 11 men who completed less than
70% of the questions were excluded. The final sample
consisted of 103 men.

Characteristics of the Participants

The first column of Table 1 summarizes the demo-
graphic and physical training characteristics, AAS use
patterns, psychoactive substance use, and mental health
status of the 103 AAS consumers. Participants were all
male with a mean age of 31 years, were generally well ed-
ucated (intermediate/higher education; 78.6%, n = 81),
and bodybuilding was the sport most frequently practiced
(69.9%, n = 72).

Patterns of AAS Use

Participants were classified according to three patterns
of AAS use over the past 12 months: a continuous stable
dose of AAS (n=9,8.7%), a continuous use pattern where
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Table 1. Characteristics of the total sample (N = 103) and the subgroups without (N = 78) and with (N = 25) AAS use disorder (AASUD; >4
DSM-5 criteria)

Variable? Total sample (N=103) No AASUD (N =78) AASUD (N = 25) p value
Age 31.2(9.3) 31.37(9.99) 30.76 (7.05) 0.777
Starting age of AAS use 25.2(8.4) 25.91 (9.15) 22.84 (5.08) 0.113
Civil status, n (%)

Partner, living together 44.0 (42.70) 34.0 (43.60) 10.0 (40.00) 0.835

Partner, not living together 23.0(22.30) 18.0(23.10) 5.0 (20.00)

No partner or spouse 36.0 (35.00) 26.0 (33.30) 10.0 (40.00)
Education, n (%)

Elementary 7.0 (6.80) 4.0(5.10) 3.0(12.00) 0.071

Lower vocational or lower secondary education 15.0 (14.60) 12.0 (15.40) 3.0(12.00)

Intermediate vocational or intermediate/higher secondary

education 37.0 (35.90) 24.0 (30.80) 13.0 (52.00)

Higher vocational education or university 44.0 (42.70) 38.0 (48.70) 6.0 (24.00)
Employment, n (%)

Student or pupil 14.0 (13.60) 10.0 (12.80) 4.0 (16.00) 0.594

Unemployed or incapacitated 5.0 (4.90) 3.0(3.80) 2.0 (8.00)

Employed or runs his own business 84.0 (81.60) 65.0 (83.30) 19.0 (76.00)
Main sports activity

Bodybuilding, n (%) 72.0 (69.90) 55.0(70.50) 17.0 (68.00) 0.890

Number of years active in main sports activity 9.0 (7.0-15.0) 9.0 (7.0-15.0) 10.0 (6.5-15.0) 0.865

Minutes of training a week 423.60 (176.6) 44438 (186.64) 358.90 (122.85) 0.035*
Competitive athlete

Yes (present or past), n (%) 31.0(30.10) 28.0(35.90) 3.0 (12.00) 0.015%*

No 72.0 (69.90) 50.0 (64.10%) 22.0 (88.00%)
Dietary supplements

Number of supplement types used over 12 months 6.37 (3.86) 6.63 (3.67) 5.56 (4.38) 0.230
Pattern of AAS use, n (%)

Continuous same dose 9.0 (8.74) 7.0 (8.97) 2.0 (8.00) 0.120

“Blast and cruise” 44.0 (42.72) 29.0(37.18) 15.0 (60.00)

“Cycling” 50.0 (48.54) 42.0 (53.85) 8.0 (32.00)
AAS duration of use (weeks/12 months) 27.0 (16.0-52.0) 24.50 (15.00-52.00) 52.00 (22.00-52.00) 0.019*
AAS dose (mg/week) during AAS use (last 12 months)® 685.85 (500.00-950.00)  669.94 (500.00-950.00) 720.12 (589.50-991.00) 0.358
AAS dose (mg/week) over 12 months 385.77 (215.38-665.29) 367.31(201.27-591.73) 638.86 (256.97-851.56)  0.034*
Oral AAS use (weeks/12 months) 4.0 (0.0-8.0) 3.5(0.0-6.0) 8.0(1.5-15.0) 0.003**
Injectable AAS use (weeks/12 months) 25.0 (16.0-52.0) 24.0 (12.0-52.0) 48.0 (20.0-52.0) 0.039*
Average no. of AAS in “stack” (i.e., used concomitantly) 2.0(2.0-3.0) 2.0(2.0-3.0) 3.0 (2.0-3.0) 0.583
IPEDs other than AAS (no. of types over 12 months)< ¢ 3.57 (3.10) 3.35(2.87) 425 (3.71) 0.219
Nonmedical insulin and/or DNP use in last 12 months® ¢, n (%) 14.0 (14.00) 7.0(9.21) 7.0(29.17) 0.038*
Concerns about the effect of AAS on long-term health<, n (%) 38.0 (38.00) 26.0 (34.20) 12.0 (50.00) 0.228
AAS side effects (no. over 12 months)f 4.51(3.03) 4.10(2.99) 5.76 (2.83) 0.017*
GP aware of AAS use€, n (%) 43.0 (43.00) 33.0 (43.40) 10.0 (41.70) 1.00
Blood test (laboratory analysis)<, n (%) 67.0 (67.00) 55.0 (72.40) 12.0 (50.00) 0.050
Smoking (daily)<, n (%) 16.0 (15.50) 11.0 (14.50) 5.0 (20.80) 0.651
Alcohol (any)<, n (%) 53.0(53.00) 41.0 (53.90) 12.0 (50.00) 0.816
Drug use (any)<, n (%) 44.0 (44.00) 34.0 (44.70) 10.0 (41.70) 0.860
Satisfied with physical appearance®9, n (%) 76.0 (76.00) 61.0 (80.30) 15.0 (62.50) 0.100
Mental disorder (any) (lifetime)", n (%) 40.0 (40.80) 28.0(37.80) 12.0 (50.00) 0.343
Addiction (any) (lifetime)", n (%) 15.0 (15.30) 9.0 (12.20) 6.0 (25.00) 0.189
Consulted a psychologist or psychiatrist!, n (%) 12.0 (12.40) 8.0(10.80) 4.0(17.40) 0.470

Numbers in the table are number (percentage), mean (standard deviation), or median (interquartile range); significance of group differences were tested
with the Fisher-Freeman-Halton Exact test, Fisher's Exact test, unpaired T test, and Mann-Whitney U test. DSM-5, Diagnostic and Statistical Manual of Mental
Disorders (5th ed.); DNP, 2,4-dinitrophenol; mg, milligram. 2ltems refer to the last 12 months, unless stated otherwise. °For AAS consumers with a “blast-and-
cruise” use pattern, this is the average of the dose during a “cruise” and during a “blast,” taking into account their respective duration. °“N = 100 (no AASUD
=76, AASUD = 24). YIPEDs, image- and performance-enhancing drugs. *Without doctor’s prescription. fN = 102 (no AASUD = 77, AASUD = 25). 9“Fairly” and
“very” satisfied combined. hN =98 (no AASUD = 74, AASUD = 24). N = 97 (no AASUD = 74, AASUD = 23); # continuous same dose versus “blast and cruise”;
¥ continuous same dose versus “cycling.” *Significant at p < 0.05. **Significant at p < 0.01.
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Table 3. Logistic regression analyses predicting AAS use disorder (AASUD; DSM-5 criteria >4)

Variable B SE 3 Wald’s x? df  EB(OR) 95%Cl

Age, years -0.006 0.029 0.049 1 0.994 0.940-1.052
AAS duration (weeks) over 12 months 0.034 0.014 5.735 1 1.034* 1.006-1.064
Lifetime mental disorder 0.361 0.478 0.572 1 1.435 0.563-3.660
Constant -2.320 1.079 4623 1 0.098

OR, odds ratio; SE, standard error. Duration (weeks) of AAS use in the last 12 months as the predicting variable.
*Significant at p < 0.05; Nagelkerke R? for this model: 0.101.

“blasts” and “cruises” of high and lower AAS doses were
alternated (n = 44, 42.7%), and a third pattern in which
periods of AAS use and no AAS use were “cycled” (n = 50,
48.5%). Online supplementary Table S2 shows the spe-
cific doses and durations of AAS use for each of the three
patterns.

Prevalence of No, Mild, Moderate, and Severe AASUD

On average, AAS consumers reported the presence of
2.2 of the 11 DSM-5 AASUD criteria. No AASUD (<2
DSM-5 criteria) and mild AASUD (2-3 DSM-5 criteria)
were observed in 37 (35.9%) and 41 (39.8%) participants,
respectively. Moderate or severe AASUD was observed in
25 participants (24.3%): 13 (12.6%) with moderate AAS-
UD (4-5 DSM-5 criteria) and 12 (11.7%) with severe AA-
SUD (26 DSM-5 criteria). Table 2 depicts the prevalence
of all DSM-5 criteria adapted for AAS use for the sub-
groups without (n = 78) and with (n = 25) moderate-se-
vere AASUD and for the total sample (N = 103).

Differences between Participants without and with

AASUD

The second and third columns of Table 1 show the
characteristics of the subgroups without (N = 78) and
with (N = 25) moderate-severe AASUD. Compared to
those without moderate-severe AASUD, participants
with moderate-severe AASUD spent less time (in min-
utes a week) on training (p = 0.035) and less often com-
peted as an athlete (currently or in the past) (p = 0.015).
AAS consumers with and without moderate-severe AA-
SUD in the last 12 months also significantly differed in
their duration of AAS use in weeks (p = 0.019) and in their
AAS dose in mg/week (p = 0.034). In the last 12 months,
both oral and injectable AAS were taken for more weeks
by AAS consumers with moderate-severe AASUD versus
AAS consumers without moderate-severe AASUD (p =
0.003 and p = 0.039). Furthermore, AAS consumers with
moderate-severe AASUD more frequently (p = 0.038)
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used (non-prescribed) insulin and/or DNP, two IPEDs
with a high-risk profile [28, 29]. AAS consumers with
moderate-severe AASUD versus AAS consumers without
moderate-severe AASUD in the last 12 months also re-
ported to have experienced significantly more side effects
(p = 0.017). The pattern of AAS use was not associated
with moderate-severe AASUD (p = 0.120). The higher
prevalence of participants with a “blast-and-cruise” pat-
tern of AAS use compared to those with a “cycling” AAS
use pattern (60.0%, n = 15 vs. 32.0%, n = 8) among those
with moderate-severe AASUD was not significant (p =
0.055 in the post hoc test).

Psychoactive substance use in the last 12 months and
a current or past mental disorder were reported by, re-
spectively, 44 (44.0%) and 40 (40.8%) participants. About
three-quarters of participants (76.0%) were fairly or very
satisfied with their physical appearance. No differences
were reported by AAS consumers with and without mod-
erate-severe AASUD in the use of psychoactive substanc-
es or alcohol and in mental health parameters. In online
supplementary Tables S3 and S4, additional information
can be found on participants’ use of substances and men-
tal health status.

Logistic Regression Analyses to Identify the Correlates

of AASUD

Variables were tested to examine their association with
moderate-severe AASUD. Online supplementary Table
S5 shows the correlation matrix of these variables. AAS
dose in the last 12 months, duration of AAS use, AAS side
effects, and lifetime mental disorder were significantly
correlated with moderate-severe AASUD and/or the total
number of AASUD criteria. Logistic regression analyses
were then performed to identify the variables that were
independently associated with the diagnosis moderate-
severe AASUD. The variables linked to AAS use (AAS
dose in the last 12 months in mg/week and duration of
AAS use in weeks) showed considerable overlap with
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Table 4. Average dose (mg/week) in the last 12 months as the predicting variable

Variable B SEB Wald’s x? df EB(OR) 95%Cl

Age, years —-0.006  0.029 0.049 1 0.994 0.939-1.052
AAS dose (mg/week) over 12 months 0.001 0.000 4.726 1 1.001* 1.001-1.002
Lifetime mental disorder 0.361 0.228 2.205 1 1.404 0.897-2.196
Constant -2.320 0.966 3.438 1 0.167

AAS, anabolic androgenic steroids; DSM-5, Diagnostic and Statistical Manual of Mental Disorders (5th ed.); OR,
odds ratio; SE, standard error. N = 98 (no AASUD = 74, AASUD = 24) due to missing cases (n = 5) for “lifetime mental
disorder.” *Significant at p < 0.05; Nagelkerke R? for this model: 0.138.

each other and with AAS side effects. To prevent collin-
earity problems, we excluded AAS side effects from the
logistic models and tested separate logistic regression
models for the relationship between the average AAS
dose in the last 12 months and AAS use duration with
moderate-severe AASUD. Calculated power for these
analyses at this sample size was 0.826. Age and the lifetime
presence of a mental disorder were included in the logis-
tic models. Results are shown in Table 3. In the first logis-
tic model (Table 3), with a total explained variance of
10.0%, duration of AAS use over last 12 months, but not
age or mental health disorder, independently predicted
moderate-severe AASUD with an increase of 3.4% in the
probability of moderate-severe AASUD with an increase
of every week of AAS use (p < 0.05). The second logistic
regression model (Table 4) with a total explained variance
of 13.8% showed that the AAS dose, but not age or mental
health disorder, independently predicted moderate-se-
vere AASUD with an increase of 0.1% in the probability
of moderate-severe AASUD with the increase of 10 mg of
AAS per week (p < 0.05).

Additional Analyses to Test the Stability of the

Associations

Additional explorative analyses showed that the aver-
age dose used during AAS consumption was not associ-
ated with moderate-severe AASUD (p > 0.05; online sup-
pl. Table S6A). In a model with the average dose used
during AAS consumption, age, and lifetime mental dis-
order, the duration of AAS use remained positively asso-
ciated with moderate-severe AASUD (odds ratio = 1.032,
p <0.05). The explained variance of this model was 14.9%
(online suppl. Table S6B). The strength or significance of
the association (odds ratio = 1.032, p < 0.05) was not af-
fected when continuous AAS consumers on non-supra-
physiological doses (<200 mg/week. last 12 months, n =
4) were excluded from the model. To test whether exclu-
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sion of 11 participants with less than 70% of the questions
answered may have influenced the results, this group was
compared with included participants (N = 103) on demo-
graphic variables, supplement use, age of first use of AAS,
and duration of AAS use in the last 12 months (missing
values precluded further comparisons), and no group dif-
ferences were found (results not shown).

Discussion

The main findings of the current study are that 24.3%
of our study sample of male gym goers meet (self-report-
ed) criteria for a moderate-severe AASUD (=4 DSM-5
criteria) and that the duration of AAS use in the last 12
months and the AAS dose in mg/week in the last 12
months are independently associated with moderate-se-
vere AASUD. Every week increase of the duration of AAS
use is associated with an increase of 3.4% in the probabil-
ity of moderate-severe AASUD. Every 10 mg increase of
the AAS dose per week is associated with an increase of
0.1% in the probability of moderate-severe AASUD. The
association between duration of AAS use and moderate-
severe AASUD was independent from the average (sup-
raphysiological) dose used during AAS consumption.

The prevalence of moderate-severe AASUD of 24% is
in line with earlier results of about 30% of all AAS con-
sumers developing AAS dependence, based on the DSM-
3-R/DSM-4 criteria for dependence (=3 of 7 criteria) [16]
and is in contrast with some previous reviews, stating that
dependence liability of AAS is probably low [30]. A recent
review, including data from 10 studies (total N = 1,247
AAS consumers), found a mean prevalence of AAS de-
pendence across all studies of 32.5% (95% CI: 25.4-39.7),
with a median of 29.5% [15]. The relatively lower preva-
lence of moderate-severe AASUD in the current study is
mainly caused by the low prevalence of moderate-severe
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AASUD in the group of “cycling” AAS consumers (16.0%,
n = 8), whereas moderate-severe AASUD is numerically
overrepresented (34.1%, n = 15) in the group of continu-
ous “blast-and-cruise” AAS consumers, with 32.0% ver-
sus 60.0%, respectively, within the group of AASUD. This
calls for more attention to the potential role of chronic
“blast-and-cruise” patterns of AAS use in the etiology of
AASUD. This is especially important, given the recent in-
crease in the “blast-and-cruise” pattern of AAS use. In
2007, in an online survey among 1,955 male AAS con-
sumers, 5.0% indicated to have taken AAS continuously
for the entire year [26], whereas little than a decade later,
a similar study found that nearly half (47.32%) of the
2,385 AAS consumers reported a continuous “blast-and-
cruise” use pattern [22]. This is important as with long-
term continuous AAS use, it may be increasingly difficult
to stop the use of AAS since the consumer will be con-
fronted with the consequences of a prolonged disruption
of endogenous testosterone production [11, 21].

To the best of our knowledge, this is the first study in
which (slightly adjusted) DSM-5 criteria were used to as-
sess the presence of AASUD. It should be noted however
that AAS differ from traditional addictive substances, like
cocaine and heroin, in that they produce little immediate
reward or acute intoxication. The high rate of positive re-
sponse to the criterion “spending a lot of time planning
anabolic steroid use and/or obtaining anabolic steroids”
may indicate the presence of a deliberate and regulated
use pattern, instead of a loss of control over use. This pat-
tern, unlike psychoactive substance use that is rather in-
fluenced by impulses, is regarded a typical feature of AAS
use [26] and in itself not necessarily maladaptive or cause
of distress. This finding is also in line with a recent study
showing that time spent on activities related to the use of
AAS was the symptom with the smallest effect on a DSM-
4 symptom network of AAS dependence, whereas con-
tinuing AAS use despite physical and/or mental problems
was the most central symptom [25]. Psychometric assess-
ments like these are, therefore, essential to evaluate the
criteria for AASUD, including the identification of the
most central criteria that relate to the most typical and
relevant symptoms of AASUD [25, 31].

Despite these definition issues, animal studies suggest
that AAS can induce AAS dependence [32] and that AAS
is a critical modulator of executive functions [33] and im-
pairs behavioral flexibility and increases compulsivity
[34]; findings that were corroborated in recent human
studies [25, 35]. However, unlike many addictive sub-
stances, AAS do not acutely stimulate dopamine release
in the nucleus accumbens [36]. One of the alternative ex-
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planations given for chronic and compulsive AAS con-
sumption in conjunction with high intensity bodybuild-
ing is social physical anxiety and negative perception of
physical appearance [37]. However, in the current study,
anxiety and dissatisfaction with one’s physical appear-
ance were infrequent in both AAS consumers with and
without moderate-severe AASUD and thus unlikely to be
an explanation for the compulsive consumption of AAS.

The current study has both strengths and limitations.
The main strengths of the study are the detailed measure-
ment of the different patterns of AAS use and the use of
abroad range of variables as potential confounders for the
development of moderate-severe AASUD. The main lim-
itations are the unstructured sampling frame and the ex-
clusive use of self-reported information and thus the risk
of overreporting of AASUD criteria and mental disor-
ders. However, the prevalence data in the current study
are generally consistent with similar data from other
studies using different recruitment and assessment pro-
cedures.

Furthermore, it is worth noting that the exclusion
from the study of 16 AAS consumers who had not used
AAS in the past 12 months may have influenced differ-
ences on some level between AAS consumers with and
without moderate-severe AASUD. Exclusion of records,
instead of imputation of missing values, for those par-
ticipants with less than 70% of the questions answered (n
= 11) may have also affected these differences due to a
decrease of statistical power.

In the present study, AAS doses were estimated by
adding up the self-reported doses in milligrams of differ-
ent types of oral and injectable AAS. It should be stressed
that this procedure does not acknowledge differences be-
tween AAS types in negative and positive effects and does
not consider that the declared and the actual content or
concentration of AAS from the black market often differ
considerably [11, 27].

A potential reason for concern is the somewhat “circu-
lar” nature of the associations of moderate-severe AAS-
UD with duration of AAS use and the AAS dose as the
definition for moderate-severe AASUD includes criteria
that relate to AAS use duration and dose. However, the
key element in these criteria is loss of control, craving,
and AAS use to avert withdrawal symptoms, and neither
duration of use nor dose are in itself criteria that deter-
mine AASUD. As was pointed out earlier, the cross-sec-
tional design of the present study prevents inferences
about causality, and future studies with a prospective
study design are needed to explore the hypotheses brought
forward in this paper.
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Conclusion

Taken together, we found that the duration of AAS use
(in weeks in the past 12 months) and AAS dose (in mg/
week in the past 12 months) are associated with the pres-
ence of moderate-severe AASUD and that these effects
remained significant after controlling for age and lifetime
mental disorders. We conclude that AASUD could be a
frequent complication in chronic, high-dose AAS con-
sumers. Prospective research is needed to follow mental
and physical changes over time in chronic AAS consum-
ers and to identify those AAS consumers who make the
transition from intermittent to chronic AAS use and, pos-
sibly, (moderate-severe) AASUD. Additionally, more re-
search is required to aid chronic AAS consumers as the
effectiveness of treatments for (moderate-severe) AAS-
UD at present is undetermined and there is only scarce
evidence for the benefits of interventions to reduce or
stop the consumption of AAS [38]. Furthermore, to aid
those with increased health risks due to chronic AAS use,
healthcare should accommodate the specific needs of
chronic AAS consumers [39]. However, at present, exper-
tise and clinical guidelines in this domain are largely ab-
sent [40].
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