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Abstract

Background—Anabolic-androgenic steroid (AAS) dependence has been a recognized syndrome
for some 20 years, but remains poorly understood.

Methods—We evaluated three groups of experienced male weightlifters: 1) men reporting no
history of AAS use (N = 72); 2) nondependent AAS users reporting no history of AAS dependence
(N =42); and 3) men meeting adapted DSM-1V criteria for current or past AAS dependence (N =
20). We assessed demographic indices, lifetime history of psychiatric disorders by the Structured
Clinical Interview for DSM-1V, variables related to AAS use, and results from drug tests of urine and
hair.

Results—Nondependent AAS users showed no significant differences from AAS nonusers on any
variable assessed. Dependent AAS users, however, differed substantially from both other groups on
many measures. Notably, they reported a more frequent history of conduct disorder than
nondependent AAS users (odds ratio [95% CI]: 8.0 [1.7, 38.0]) or AAS nonusers (13.1 [2.8, 60.4])
and a much higher lifetime prevalence of opioid abuse and dependence than either comparison group
(odds ratios 6.3 [1.2, 34.5] and 18.6 [3.0, 116.8], respectively).

Conclusions—Men with AAS dependence, unlike nondependent AAS users or AAS nonusers,
showed a distinctive pattern of comorbid psychopathology, overlapping with that of individuals with
other forms of substance dependence. AAS dependence showed a particularly strong association
with opioid dependence — an observation that recalls recent animal data suggesting similarities in
AAS and opioid brain reward mechanisms. Individuals with AAS dependence and individuals with
“classical” substance dependence may possibly harbor similar underlying biological and
neuropsychological vulnerabilities.
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1. Introduction

The anabolic-androgenic steroids (AAS) are a group of drugs that includes testosterone, the
natural male hormone, together with numerous synthetic testosterone derivatives created over
the last 70 years (Pope and Brower, 2009). Since the 1950s, elite competitive athletes have
used AAS for decades to improve performance. However, a majority of today's AAS users are
not elite athletes at all, but simply individuals wanting to become more muscular (Buckley et
al., 1988; Hildebrandt et al., 2006; Kanayama et al., 2001; Parkinson and Evans, 2006). As we
have explained previously (Kanayama et al., 2008), this much larger but less visible population
of ordinary AAS users started to emerge in the 1980s, as AAS spread out of the elite athletic
community and into the general population. Now, illicit AAS use has grown into a widespread
public health problem in the United States (Buckley et al., 1988; Johnston et al., 2006; McCabe
etal., 2007; Yesalis et al., 1993) and many other Western countries (Galduroz et al., 2005;
Handelsman and Gupta, 1997; Kokkevi et al., 2008; Melia et al., 1996; Nilsson et al., 2001,
Pallesen et al., 2006; Rachon et al., 2006; Wanjek et al., 2007). AAS use is associated with a
range of adverse medical effects, including dyslipidemia, cardiomyopathy, and prolonged
suppression of the hypothalamic-pituitary-gonadal axis (Hartgens and Kuipers, 2004;
Kanayama et al., 2008). In some individuals, AAS may also cause serious psychiatric effects,
including especially major mood syndromes (Kanayama et al., 2008; Pagonis et al., 2006;
Perry et al., 2003; Pope and Brower, 2009), which may sometimes be associated with
aggression or violence (Klotz et al., 2006; Perry et al., 2003; Pope and Katz, 1990; Thiblin and
Parlklo, 2002).

Over the last 20 years, a growing animal and human literature has demonstrated that AAS can
produce a dependence syndrome. AAS dependence was first documented in human case reports
and case series by the late 1980s (Brower et al., 1989; Brower et al., 1990; Hays et al., 1990;
Tennantetal., 1988), and has subsequently been documented in about 30% of illicit AAS users
in various larger field studies (see below). Animal studies have provided further evidence that
AAS can induce dependence; for example, rats and mice will prefer to spend time in locations
where they have previously received AAS (Alexander et al., 1994; Arnedo et al., 2000), and
hamsters will self-administer testosterone by direct intracranial injection even to the point of
death (Peters and Wood, 2005; Wood, 2006). Interestingly, animal observations suggest that
AAS intoxication and withdrawal may involve opioid-like features. For example, symptoms
of testosterone intoxication in hamsters are blocked by naltrexone, an opioid receptor
antagonist (Peters and Wood, 2005). Although opioid antagonists do not precipitate full-scale
opioid withdrawal in testosterone-treated hamsters (e.g., wetdog shakes, teeth chattering,
yawning, or defecation), pretreatment with opioid antagonists will prevent testosterone self-
administration (Peters and Wood, 2005). In other animal studies, AAS administration has been
shown to influence opioidergic brain systems (Harlan et al., 2000; Johansson et al., 2000a;
Johansson et al., 1997) and to modulate responses to opiate administration and withdrawal
(Celerier et al., 2003; Wood, 2008). Thus, AAS may act as partial opioid agonists, although
their dependence-inducing potential presumably involves other neural and endocrine
mechanisms as well (Daly et al., 2001; Frye, 2007; Hochberg et al., 2003; Kindlundh et al.,
2004; Lindqvist et al., 2002; Wood, 2008).

Human AAS dependence likely evolves in a more complex manner than in animals (Brower,
2002). At first, individuals typically begin AAS use in conjunction with weightlifting, as a
pharmacological aid for gaining muscle and losing body fat. Individuals reporting prominent
adolescent preoccupations with muscularity, and especially those with full-scale “muscle
dysmorphia,” are particularly likely to initiate AAS use (Cafri et al., 2005; Hildebrandt et al.,
2006; Kanayama et al., 2006; Kanayama et al., 2003b; Olivardia et al., 2000). Nevertheless,
many of these individuals will not progress to AAS dependence, but will use only a few courses
of AAS (colloquially called “cycles™) in a lifetime, for a total lifetime exposure of less than 12
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months (Kanayama et al., 2006). Some, however, will go on to using AAS on an almost
continuous basis despite adverse medical, psychiatric, social, and occupational effects; as this
syndrome evolves, it increasingly seems to resemble “classical” drug dependence (Brower,
2002; Pope and Brower, 2009).

Over the last 20 years, seven studies, collectively evaluating 591 AAS users, have found that
177 (174 male, 3 female; a 30% overall rate) appeared to meet DSM-1V diagnostic criteria for
AAS dependence; and Perry, P.J., personal communication, October 2008, and Malone, D.A.,
personal communication, January 2009). The low reported prevalence of AAS dependence in
women seems understandable; women rarely wish to become highly muscular, and they are
also subject to the masculinizing effects of AAS, such as beard growth, deepening of the voice,
and masculinized sexual characteristics (Gruber and Pope, 2000; Kanayamaetal., 2007). Aside
from information on gender, age, and other demographic features, however, these seven studies
have provided few direct comparisons of the attributes of AAS-dependent individuals versus
the attributes of comparison groups, such as nondependent AAS users or AAS nonusers. One
study (Copeland et al., 2000) compared 48 individuals with AAS dependence or AAS abuse
(of whom 23 had AAS dependence) vs. 52 AAS users without dependence or abuse, and found
no significant differences between groups on age at first use or mean weekly dose of AAS
used. On the other hand, these investigators noted that the individuals with AAS dependence
or abuse were significantly more likely than other AAS users to report having experienced
“roid rage” (63.3% vs. 16.3%; odds ratio 3.9; 95% confidence interval 1.45—10.41). However,
none of the studies systematically compared the prevalence of psychiatric disorders in AAS-
dependent users vs. other groups.

To augment these limited data, we report the results of detailed psychiatric evaluations of
dependent AAS users encountered in an ongoing study, and compare them against
nondependent AAS users and AAS nonusers, recruited in the same study.

2.0 Methods
2.1 Participants

In the course of an ongoing study, we advertised in gymnasiums and sports supplement stores
in Eastern Massachusetts and Southern Florida for men aged 18-40 who could bench-press 275
pounds for at least one repetition, currently or in the past, to participate in a psychiatric and
medical evaluation for $150 compensation. The primary purpose of the study was to obtain
retrospective assessments of childhood and adolescent risk factors for AAS use; participants
over age 40 were excluded to reduce recall bias that might occur in older individuals. The
requirement of a 275-pound bench press was simply a device to select a group of experienced
weightlifters, and the study's focus on AAS use was not disclosed. Details of these recruitment
methods are provided in previous publications describing a study of similar design (Kanayama
et al., 2006; Kanayama et al., 2003b; Pope et al., 2004). All participants provided written
informed consent for the study, which was approved by the McLean Hospital Institutional
Review Board.

2.2 Study instruments

All participants were personally evaluated by two of the investigators (HGP and GK), using
verbal interviews including 1) demographic questions; 2) the Structured Clinical Interview for
DSM-1V (SCID) (First et al., 2001); 3) modules derived from the Childhood Disorders Version
of the SCID (the “KID-SCID”) (Brown-Séquard,; Matzner, 1994; Matzner et al., 1997),
inquiring retrospectively about childhood attention deficit hyperactivity disorder (ADHD) and
conduct disorder; and 4) the Body Dysmorphic Disorder Modification of the Yale-Brown
Obsessive Compulsive Scale (BDD-YBOCS) (Phillips et al., 1997; Phillips et al., 1994;
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Phillips et al., 1993). We also 5) administered a computerized battery of psychological
questionnaires regarding childhood and adolescent attributes, similar to questionnaires used
previously (Kanayama et al., 2003b); 6) measured height, weight, body fat, and fat-free mass
index (FFMI), using methods previously described (Kanayama et al., 2003b); and 7) collected
urine and hair samples to be analyzed for drugs of abuse, including AAS.

The sequence of the evaluation was structured so that questions about substance use were
placed at the end, with questions about AAS and other performance-enhancing drugs coming
last, so that the investigators would be blinded to AAS history while eliciting all other
information. The AAS history included questions about specific AAS used, doses, and
durations. Participants reporting AAS use were also asked questions, patterned after those of
the SCID, to assess history of AAS dependence and substance-induced mood disorders
associated with AAS use.

2.3 Data analysis

For the present analysis, participants were classified into three groups: 1) nonusers reporting
no history of AAS use; 2) nondependent AAS users reporting a history of AAS use but not
meeting criteria for AAS dependence at any time; and 3) participants reporting a history of
AAS dependence as diagnosed by DSM-IV criteria, interpreted and adapted for diagnosing
AAS dependence as we have recently described (Kanayamaetal., 2009). We initially compared
the three groups on age, ethnicity, and study site (Florida versus Massachusetts); the groups
differed on all of these three variables (see below). We then compared the three groups on a
range of outcome variables, using linear and logistic regression with adjustment for age,
ethnicity, and study site as discussed in more detail below. Alpha was set at 0.05, two-tailed,
although the reader should note the possibility that, because of the multiple comparisons
conducted, some might have reached this level of significance by chance alone.

3.0 Results

3.1 Sample characteristics

Of 146 men evaluated at the Florida and Massachusetts sites between July 2005 and October
2008, one was excluded for incomplete data and seven others were excluded for apparently
untruthful answers on interview (AAS found in urine despite denial of AAS use by participant,
N = 4; implausibly high muscularity and low body fat despite denial of AAS use, N = 2; and
grossly inconsistent answers regarding history of conduct disorder, N = 1). Of the remaining
138 men, 72 reported no AAS use, 42 reported AAS use without evidence of dependence, 20
clearly met DSM-IV criteria for a lifetime history of AAS dependence, and 4 showed a history
approaching criteria for AAS dependence, but could not be classified as such with certainty.
These last four participants were excluded from subsequent comparisons, leaving 20 dependent
AAS users.

The 72 nonusers were similar in age to the 42 nondependent AAS users (mean [SD]: 27.1 [6.0]
years vs. 27.3 [5.7] years; p = 0.89 by t test, two-tailed) but the 20 dependent AAS users were
significantly older than either of the other two groups (33.9 [4.7] years; p < 0.001 versus both
other groups) — perhaps in part because older individuals had simply had more time to develop
a dependence syndrome. The 93 men in the Florida subsample contained a smaller portion of
AAS users (40 men, 8 of whom displayed a lifetime history of AAS dependence) than the 41
men in the Massachusetts subsample (22 AAS users, 12 with AAS dependence), probably
because the Massachusetts participants were drawn from gymnasiums with a higher proportion
of heavy AAS users. The 72 nonusers included 22 men of non-white ethnicity (11 African-
American, 2 Asian, one Pacific Islander, 6 Hispanic-Caucasian, and 2 Hispanic-African-
American) whereas the 62 AAS users included only three non-white individuals (one African-
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American and one Hispanic-African-American among the 42 nondependent users and one
African-American among the 20 dependent users). Given these differences, all further
comparisons among the three groups on the outcome variables were performed with adjustment
for age (unordered categories based on quintiles of the age distribution), ethnicity (white versus
non-white), and study site (Florida versus Massachusetts).

3.2 Demographic features

Dependent AAS users were more likely than nondependent AAS users to have had only asingle
parent (as a result of divorce, separation, or death) by the age of 13, and they were more likely
than members of the other groups to report a first-degree relative with an alcohol or substance
use disorder (Table 1). Despite their older mean age, dependent AAS users reported much
lower educational attainment than the other groups; indeed, only one (5%) of these 20
individuals had graduated from college, as compared to 9 (21%) of the nondependent users
and 27 (38%) of the nonusers.

Dependent AAS users did not differ significantly from either of the other two groups in the
mean age at which they started lifting weights or in their mean total years of lifting weights
(Table 1). However, they were significantly more muscular than the other groups, as assessed
by their fat-free mass index (Kouri et al., 1995), consistent with their extensive use of AAS.

3.3 Use of AAS and other performance-enhancing drugs

The dependent AAS users differed markedly from the nondependent AAS users on several
variables related to AAS and other performance-enhancing drugs (Table 2). For example,
dependent users reported a mean of almost six years of lifetime AAS use as compared with a
mean of about six months in the nondependent AAS users; indeed, only three of the 42
nondependent AAS users reported more than one year of total lifetime AAS exposure.
Interestingly, dependent AAS users and nondependent AAS users reported a similar mean age
of onset of AAS use; however, dependent AAS users reported using significantly higher
maximum doses of AAS, and they reported more frequent use of other performance-enhancing
drugs. Among these other drugs were clenbuterol (reported by 14 [70%] of dependent users
and 3 [7%] of nondependent users], growth hormone (13 [65%] and 3 [7%] of the groups,
respectively), and several drugs reported exclusively by the dependent users: insulin (6 [30%)]
of dependent users), insulin-like growth factor 1 (IGF-1) (4 [20%]), and triiodothyronine (4
[20%]). Only one of the 72 AAS nonusers reported use of any performance-enhancing drug
(clenbuterol). Only a small minority of AAS users in both groups reported using AAS
specifically for performance in competitive sports.

Five (25%) of the dependent AAS users reported a manic or hypomanic syndrome while taking
AAS, and two of these same men displayed a major depressive episode during AAS
withdrawal. None of these five men reported a manic or hypomanic episode at times when not
using AAS. Among the remaining 15 dependent AAS users, six described increased irritability,
aggressiveness, or violence while using AAS, but not to the point of meeting criteria for a
hypomanic episode. The lifetime prevalence of AAS-associated major mood disorders among
dependent AAS users was higher than in the nondependent AAS users, although these
differences did not reach statistical significance, perhaps because of the small numbers
involved.

3.4 Psychiatric and substance use disorders

The nonuser group and nondependent AAS user group showed no significant differences in
lifetime prevalence of any of the various categories of psychiatric disorders assessed by the
SCID and KID-SCID (Table 3), but dependent AAS users showed a strikingly higher lifetime
prevalence of childhood conduct disorder. Among dependent AAS users, the relative odds
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[95% confidence interval] of a reported history of conduct disorder was 8.0 (1.7, 38.0) when
compared to the nondependent users (p = 0.009) and 13.1 (2.8, 60.4) compared to the nonusers
(p = 0.001). Dependent AAS users also reported a significantly higher lifetime prevalence of
body dysmorphic disorder than nonusers. This latter difference was apparently attributable to
a higher prevalence of muscle dysmorphia in the AAS-dependent group (see Table). Looking
at substance use disorders, the three groups exhibited no significant differences in lifetime
prevalence of alcohol dependence, but striking differences in their lifetime prevalence of non-
alcohol substance dependence, particularly opioid dependence. Among dependent AAS users,
the relative odds of opioid abuse or dependence was 6.7 (1.5, 31.3) when compared to
nondependent users (p = 0.015), and 16.3 (3.4, 78.9) compared to the nonusers (p < 0.001).
Dependent AAS users also frequently reported a history of cocaine dependence, but this
diagnosis was also fairly common in the two comparison groups, so that differences between
the dependent users and the comparison groups only barely reached the 0.05 level of
significance (relative odds in dependent users vs. nonusers 4.5 [1.1, 17.5], p = 0.032; dependent
users vs. nondependent users 5.0 [1.1, 22.1], p = 0.033).

To explore further the nature of the possible relationship between AAS and other forms of
substance abuse, we charted the chronology of AAS use and dependence, opioid abuse and
dependence, and other substance dependence in the 20 AAS-dependent individuals (Figure 1).
As will be seen, the onset of opioid abuse or dependence occurred both before and after the
onset of AAS use and AAS dependence in different men; other forms of substance dependence
also showed no consistent chronological relationship to AAS dependence. In some cases, the
sequence of substance dependence disorders could be understood from the participant's history.
For example, participant G developed a herniated intervertebral disk requiring surgery at age
31. He stopped lifting weights and discontinued AAS use, but became addicted to opioids
prescribed by his physician, which he supplemented with opioids purchased illicitly. By age
35, he had resumed weightlifting, discontinued opioid use, and redeveloped AAS dependence.
When evaluated at age 37, he had redeveloped opioid dependence as well. By contrast,
participant R used AAS regularly, but below the threshold of AAS dependence, from age 20-24
and again at age 26. At age 23, he developed opioid and cocaine dependence requiring repeated
detoxification admissions, and hence did not lift weights or use AAS regularly. At age 27, he
successfully stopped all opioid and cocaine use, but then resumed regular weightlifting and
quickly developed AAS dependence, which continued through the time of his evaluation at
age 35.

4.0 Discussion

In the course of an ongoing study of experienced weightlifters, we evaluated 72 men reporting
no history of AAS use, 42 men reporting AAS use without evidence of AAS dependence, and
20 reporting a history of AAS dependence. Among all AAS users in our study, the proportion
reporting AAS dependence (20 of 62 individuals, or 32%) was very similar to the 30% mean
proportion found in the seven field studies cited earlier (Brower et al., 1991; Copeland et al.,
1998b; Gridley and Hanrahan, 1994; Malone et al., 1995; Midgley et al., 1999; Perry et al.,
2005; Pope and Katz, 1994). In our study, the 42 nondependent AAS users showed no
significant differences from the 72 nonusers on any of the demographic, psychiatric, or
substance-use variables that we assessed. However, the men with AAS dependence showed
significant differences from the other two groups on a range of measures, including particularly
a higher lifetime prevalence of childhood conduct disorder, lower levels of educational
attainment, and a strikingly higher lifetime prevalence of other substance abuse disorders —
especially opioid abuse or dependence. This last observation is consistent with previous reports
suggesting a possible association between AAS use and opiate use (Arvary and Pope, 2000;
Kanayama et al., 2003a; McBride et al., 1996; Wines et al., 1999), and a case study speculating
that these classes of drugs might share similar mechanisms (Tennant et al., 1988). Looking
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more closely at the course of substance use disorders among the AAS-dependent men, we
found no regular temporal sequence to suggest that AAS dependence tended to precede opioid
dependence or vice versa — despite our own previously published speculations that AAS might
serve as a “gateway” to opioid use (Arvary and Pope, 2000). Instead, the observations seem
more suggestive of the hypothesis that these two forms of substance dependence might perhaps
share a common diathesis.

As mentioned earlier, a substantial literature of animal studies also suggests that AAS and
opioids may affect similar brain mechanisms (Celerier et al., 2003; Johansson et al., 2000a;
Johansson et al., 2000b; Johansson et al., 1997; Peters and Wood, 2005; Wood, 2006, 2008).
These data combine with our human observations to suggest that AAS dependence, opioid
dependence, and perhaps other forms of substance dependence may share common underlying
neuropsychological and neurobiological factors. At present, the nature of these factors remains
speculative, but recent studies of individuals with classical substance dependence provide some
possible leads. For example, substance-dependent individuals exhibit attributes such as
increased impulsivity (Clark et al., 2006; Verdejo-Garcia et al., 2007), high levels of delay
discounting (Kirby and Petry, 2004; Madden et al., 1999; Petry et al., 1998; Reynolds, 2006),
and deficits in risk-taking and decision-making (Barry and Petry, 2008; Bechara and Martin,
2004; Ersche et al., 2006; Ersche et al., 2005; Fishbein et al., 2007; Passetti et al., 2008). Such
attributes are also associated with antisocial or psychopathic traits (Petry, 2002; van Honk et
al., 2002; Vassileva et al., 2007), including adolescent conduct disorder (Blair et al., 2001;
Ernst et al., 2003; Kim et al., 2006) — the latter being a disorder strongly associated with AAS
dependence in our present study. Testosterone and presumably other AAS may further shift
the balance towards an increased sensitivity for reward and decreased sensitivity for threat or
punishment, as suggested by animal (Bing et al., 1998; Boissy and Bouissou, 1994) and human
studies (Hermans et al., 2007; van Honk et al., 2004). Thus it is tempting to speculate that this
cluster of neuropsychological attributes — deficits in the ability to appreciate and balance future
risks and rewards — might distinguish men who develop AAS dependence from men who
display nondependent AAS use or men who do not use AAS at all.

It would seem important to explore further the psychological and neuropsychological features
of men with AAS dependence, both to better understand the apparent comorbidity of AAS
dependence and classical substance dependence, and to better identify individuals at risk for
AAS dependence itself. This is particularly important because AAS-dependent individuals
likely account for the majority of the public health problems posed by AAS use (Kanayama et
al., 2008), whereas nondependent AAS users —at least in the view of some investigators (Cohen
etal., 2007; Fost, 2005) — may not frequently experience major adverse effects.

Several limitations of this preliminary study should be considered. First, our sample was limited
to male AAS users. However, as noted above, AAS use in women is rare (Gruber and Pope,
2000; Kanayama et al., 2007) and long-term AAS use leading to AAS dependence in women,
although documented in 3 published cases (Copeland et al., 1998a, 2000), is likely extremely
rare. Second, our sample of AAS-dependent men was small. Small samples, however, generally
raise the possibility of a type II error (failing to find differences that actually exist) — whereas
our study showed several highly significant differences despite the small sample size. Third,
one must consider the possibility of selection bias, such as the possibility that individuals with
multiple forms of substance dependence would be more likely to present for interview.
However, participants for all three study groups were recruited in an identical manner, using
an advertisement that focused on weightlifting and that did not discuss the investigators' interest
in AAS or other drug use. Thus, any bias would likely have influenced selection similarly
across all groups, mitigating the possibility of differential bias. Of course it could still be
suggested that individuals with multiple substance dependence might refer friends with similar
pathology to participate in the study, thus inflating apparent associations. However, it is our
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impression that cases observed in Massachusetts and Florida were similar, even though studied
at different geographic locations.

One must also consider the possibility that we might have underestimated, rather than
overestimated, levels of concomitant substance abuse and other pathology in the populations
under study. First, individuals with active substance use disorders, or with psychiatric
conditions such as major depression, might be less likely to visit a gymnasium for regular
weightlifting, see our advertisement, and elect to participate in an interview study. Second, it
should be recalled that our observations were derived from an ongoing study designed to look
retrospectively at risk factors for AAS use, in which participants over age 40 were intentionally
excluded to reduce recall bias. When it is considered that dependent AAS users are typically
older than nondependent AAS users or nonusers (see Table 1), it follows that exclusion of
individuals over age 40 might bias the sample against cases of AAS dependence, and might
especially bias the sample against individuals with more prolonged and possibly more
advanced cases.

In summary, our observations augment the growing evidence that AAS dependence is a valid
entity, affecting a substantial portion of AAS users. Men with AAS dependence, unlike
nondependent AAS users or AAS non-users, appear to show a distinctive pattern of comorbid
psychopathology, overlapping with that of individuals with other forms of substance
dependence, especially opioid dependence. These observations suggest that individuals with
AAS dependence and individuals with classical substance dependence may perhaps share
important underlying biological and neuropsychological vulnerabilities.
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Figure 1.

Lifetime course of substance use in 20 men with a history of anabolic-androgenic steroid

dependence.
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