
Aggressive behavior and mood changes have been linked to an-
abolic steroid (AS) use in case reports (1,2). Although these reports
describe increases in aggression and violent behavior with AS use,
there are relatively few controlled studies relating aggressive be-
havior and mood changes to AS use in weightlifters.

Seven randomized controlled studies have measured psychiatric
changes associated with the administration of supraphysiologic
doses of testosterone to “normal” male participants (3–9). These
studies indicate limited risk of mental status changes with IM
testosterone doses as high as 600 mg/week. With larger doses,
however, changes in various mood and aggression subscales have
been observed. Pope and colleagues described significant increases
in the Point Subtraction Aggression Paradigm (PSAP) and the
Young Mania Rating Scale (YMRS) among higher testosterone
doses (600 mg/week) compared to placebo. While group differ-
ences were observed, the distribution of individual scores was also
important (9). Specifically, 42 subjects receiving testosterone had
minimal psychiatric symptoms at endpoint (YMRS � 10), six had
moderate scores (YMRS of 10 to 19), and two had marked scores
(YMRS � 20). In contrast, only one of 49 subjects receiving a
placebo had a moderate or marked YMRS score at endpoint (9). Al-

though Pope was able to demonstrate significant alterations in
overall aggression and mood endpoints, the majority of subjects
did not experience significant aggressive symptoms (9). However,
these studies do support variation among individuals susceptible to
changes in mood and aggression (3–5,7,8).

While these studies are not conclusive, they suggest that AS use
promotes aggression and mood changes among certain individuals,
although there are several limitations that need to be considered.
First, many of the above studies did not enroll weightlifters as sub-
jects (3–5,7,8). The study of “normal healthy males” may not be
representative of typical users of AS in the general population such
as weightlifters and other athletes. The second limitation is the ex-
clusion of subjects with premorbid psychiatric disorders, particu-
larly personality disorders. Such individuals may be more suscep-
tible to AS-induced psychiatric changes than normal control
subjects. The third limitation is that the AS regimens were limited
to a single agent administered weekly at doses � 600 mg/week
(3–5,7,9). These regimens do not represent the multi-drug combi-
nations (stacks) illicitly used by athletes. Furthermore, the maxi-
mum dose given in clinical trials was 600 mg/week for two weeks
(5,9), which is anecdotally considered to be below the doses com-
monly used by athletes (5,9).

Data regarding AS use in weightlifters and associated psychi-
atric changes have been characterized by a number of investigators.
Yates and coworkers in 1990 examined DSM-III-R criteria for
Clusters A, B, and C personality traits and the self-reported Per-
sonality Diagnostic Questionnaire (PDQ) in individuals that were
either AS users (n � 20), non-AS users (n � 20), alcoholics (n �
20), and non-weightlifting community controls (n � 20) (10). The
study showed that 45% of AS users demonstrated antisocial per-
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sonality traits (p � 0.001) compared to 0% of community controls.
In a later study, Yates and colleagues contrasted the Buss Durkee
Hostility Inventory (BDHI) scores for eight AS users and four pre-
vious AS users to 25 non-AS using weightlifters (11). There were
no significant differences among AS users, non-AS users, and pre-
vious users on overall BDHI scores, but there were significant ele-
vations on the BDHI sub-scores of assault, indirect aggression, and
verbal aggression among AS users. To address the issue of psychi-
atric changes associated with AS use, Pope and Katz conducted in-
terviews using DSM-III-R criteria to identify psychiatric syn-
dromes in weightlifters that were AS users (n � 88) and non-users
(n � 68) (12). Twenty-three percent of AS users experienced ma-
jor mood changes of mania, hypomania, or major depression. In
contrast, the rate of major mood changes was only 6% among non-
AS users (p � 0.07).

There seems to be disagreement in the literature regarding AS-
induced aggression and mood changes. Patients with underlying
psychiatric disorders or significant Cluster B traits (antisocial, bor-
derline, narcissistic, and histrionic personality disorders) are po-
tentially more likely to use AS and experience adverse effects on
mood.

We hypothesize that use of supraphysiologic doses of testos-
terone in men produces a significant increase in psychometric and
laboratory measures of aggression that are a function of the serum
concentrations of testosterone and the subjects’ personality disor-
der or traits. Using a retrospective design, this study was designed
to characterize this relationship among users and non-users of AS
in a weightlifting population. It is difficult to design a randomized,
prospective study that utilizes sufficiently large AS doses to defini-
tively answer this question because human subject research institu-
tional review boards (IRB) would consider such a study as poten-
tially unethical due to the study risks outweighing the benefits
(beneficence).

Methods

Participants

Male weightlifters between the ages of 21 to 40 were recruited
by poster advertisements at local gyms in Eastern Iowa and by
word-of-mouth. All participants were regular weightlifters that ei-
ther used or never used AS. Former users of AS were excluded
from the sample. Each was required to have a self-reported maxi-
mum bench press of greater than 200 lb. After complete description
of the study to the subjects, written informed consent was obtained.

Psychiatric Assessment

The study consisted of a single visit of approximately 3 h in du-
ration that was composed of four phases: investigator interview
(TLH and BCL), self-assessment questionnaires, PSAP, and col-
lection of urine and blood samples.

The investigator interview included a complete history that
specifically included: age, ethnicity, employment status, martial
status, alcohol use, illicit and prescribed drug use, nutritional sup-
plementation, and maximum bench press. The classification of the
participants as anabolic steroid users or nonuser’s classification
was based on the drug use self-report of the patients in these inter-
views. The three psychometric rating scales were administered: the
14-item Hamilton Anxiety Scale (HAM-A) (13), the 24-item
Hamilton Depression Scale (HAM-D) (14), and the 28-item Mod-
ified Manic State Rating Scale (MMRS) (15). Additionally, partic-
ipants were asked to complete two self-assessment questionnaires,
the PDQ-R (16) and the BDHI (17).

The PSAP was used to objectively quantify aggression. The ag-
gression paradigm used the version of the PSAP developed by
Cherek (18,19). Participants were placed in a laboratory equipped
with a desk, a computer monitor, a response console, and a chair.
The response console consisted of an aluminum box with two but-
tons labeled A and B. Participants were told that they were paired
with another participant (sham opponent) similar to themselves.
The sham opponent would be competing against them in this com-
puter game via modem. The participants had the option of pushing
either Button A or B. Pressing Button A 100 times would earn 1
point that would be worth a pre-determined dollar amount after the
game was completed. Alternatively, pressing the B button ten times
would subtract 1 point (money) from their opponent. Pressing the
B button was defined as the aggressive response (point subtraction)
because it did not earn points/money for the participant but only
subtracted points/money from the sham opponent (19). The num-
ber of B presses, which correlates with aggression, is the primary
outcome measure of this paradigm. Each participant completed
three 25-min sessions of the PSAP, with a 5-min break between
each session. Once completed, participants answered two questions
in writing regarding their PSAP opponent: “Please describe the in-
dividual you were paired with and what were they like?” “Who
subtracted more points, you or your opponent?” These questions
were used to determine whether the participants remained blinded
to the fictitious nature of their opponent.

Laboratory Assessment

Each participant provided a urine specimen for testing of illicit
drug use (Biosite Diagnostics, California). Blood samples were
obtained for the determination of total free and weakly bound testos-
terone. Total testosterone was determined using a solid-phase ra-
dioimmunoassay, (Diagnostic Products Corp., Los Angeles, Cali-
fornia) based on testosterone-specific antibodies that are
immobilized to the wall of polypropylene tubes along with an 125I-
labeled testosterone tracer. The interassay coefficients of variation
for the assay averaged 13% at a mean value of 84 ng/dL and less than
5% at a mean value of 603 ng/dL. Functional sensitivity of the total
testosterone assay in our laboratory (LMD) is 15 ng/dL. The male
reference range for the assay was 250 to 900 ng/dL and 20 to 80
ng/dL for females. Free and bioavailable (weakly bound) testos-
terone was measured using a 3H-testosterone exchange equilibrium
assay as previously described. A saturated ammonium sulfate solu-
tion was used to precipitate sex- hormone-binding globulin-bound
testosterone from the free and albumin-bound testosterone. The mass
of free and weakly bound testosterone was determined by multiply-
ing the total testosterone level by the percent free and weakly bound
value. Interassay coefficients of variation for this and the free and
weakly bound testosterone assay averaged 7% at a mean of 26%. The
male reference range for the mass of free and weakly bound testos-
terone is 50 to 585 ng/dL, while the female range is 1 to 20 ng/dL.

Free testosterone in serum was measured using a Coat-A-Count
Free Testosterone radioimmunoassay kit from Diagnostics Prod-
ucts (Los Angeles, California). Results were not calculated as a
function of total testosterone and sex-hormone-binding globulin or
some other parameter, but interpolated from a standard curve cali-
brated in free testosterone concentrations. Sensitivity of the free
testosterone RIA was 0.2 pg/mL, and the intra-assay coefficient of
variation averaged 5.2%.

Data Analysis

Comparisons of continuous variables between testosterone users
and non-users were performed with a parametric (unpaired t-test)



or non-parametric (Mann-Whitney) test where appropriate, based
on the underlying distribution (20,21). For those psychometric tests
that were significantly different between groups, correlations with
testosterone were examined separately for testosterone users and
nonusers, using Spearman rank correlation. All tests were two-
tailed, and an alpha level of 0.05 was considered as significant.

Results

Thirty-two participants were recruited and provided informed
consent. Of the 32, two subjects had a urine drug screen that was
positive for stimulants such that they were excluded from the final
analysis, while an additional two subjects were excluded because
of a prior history of anabolic steroid use. According to the inter-
views of the 28 remaining participants, ten admitted to current use
of anabolic steroids. Table 1 presents the drug histories obtained
from the ten subjects. For all subsequent analyses, the contrasts be-
tween the users and the non-users were based on the history of an-
abolic steroid use.

The demographic variables collected from the subjects included
age, ethnicity, employment status, martial status, alcohol use, illicit
drug use, prescribed drug use, nutritional supplementation, and
maximum bench press. Of these variables, the users differed from

the non-users in age and maximum bench press. The users were
younger 24.4 (3.8) versus 27.8 (3.8) years (Mann-Whitney z �
2.302, n � 28, p � 0.021) and had a greater maximum bench press
377 (63) versus 293 (64) lb (Mann-Whitney: z � 2.763, n � 27,
p � 0.006). The results of the testosterone measurements for the
users and non-users are presented in Table 2. Between the users and
nonusers there was greater than a four-fold difference in the means
of the total testosterone concentrations, greater than a nine-fold dif-
ference in the weakly bound testosterone means, and greater than a
44-fold difference in the free testosterone means. The laboratory
determination of weakly bound testosterone provided the most ex-
planatory power (r2 � 0.78) in predicting use status according to
logistic regression analyses of the testosterone parameters and an-
abolic steroid use status. Therefore, weakly bound testosterone
measurement was used in all subsequent analyses of the aggression
data. Importantly, weakly bound testosterone is biologically active
(22).

The B response of the PSAP measures aggression. Table 3
demonstrates the differences in the aggressive and non-aggressive
responses between the AS-users and the non-users. The B re-
sponses per point subtraction indicated that the anabolic steroid
users were more aggressive than the non-users of anabolic steroids
(Mann-Whitney: z � 2.253, n � 28, p � 0.024). The scoring of the
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TABLE 1—Drug histories of anabolic steroid user group.

AS Total
Use, “Stacks” Current T,

Subject years number* Current AS† Other Drugs ng/dL

120 0.5 8 Metandrostenolone Clomiphene 864
75 mg/week 300–400

Testosterone mg/day
400 mg/week

121 2.5 5 Testosterone 2168
600 mg/week

Nandrolone
400 mg/week

122 2.5 10 Metandrostenolone 937
50–100 mg/week

Testosterone
200 mg/week

Nandrolone
200 mg/week

125 Refused to divulge drug history 1042
126 Refused to divulge drug history 2315
127 4 30 Testosterone Protein powder 3078

900 mg/week
128 1 3 Boldenone‡ ECA stack 519

200 mg/week (ephedrine,
Testosterone caffeine,

250 mg/week aspirin)
Yohimbine
Liothyronine
Creatine

129 1 3 Testosterone Clomiphene 3503
700 mg/week 50 mg/d

Protein powder
multivitamin

130 �1 1 Testosterone Protein powder 1759
600 mg/week Creatine

132 4 20 Boldenone Creatine 4786
300 mg/week Glutamine

multivitamin

* A stack equals the numbers of individual courses of anabolic steroid exposure in the subject. Stacks reportedly typically range from 7 to 14 weeks or
longer.

† The threshold androgenic doses for the above anabolic steroids are reported to be as follows: metandrostenolone 10 mg/day orally, testosterone ester
intramuscular, 200 mg/week, and nandrolone decanoate 200 mg/week (26).

‡ Boldenone is an anabolic steroid used in veterinary practice.
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BDHI is composed of a total score and two sub-scores, the hostil-
ity factor, and the aggression factor. Of the three items, only the ag-
gression factor differentiated the AS-users from the non-users, 18.2
(7.3) versus 13.1 (5.2), respectively (t � 2.169, df � 26, p � 0.04).

The total scores on the PDQ-R did not differ between the AS-
users and non-users. However, the two groups did differ in that the
AS-users Cluster B scores were greater than the non-users, 16.1
(8.3) versus 9.3 (5.6) (Mann-Whitney: z � 2.308, n � 28, p �
0.021). Of the four Cluster B personality disorders, the AS-users
scores for antisocial, borderline, and histrionic personality disorder
were greater for the users than the non-users. For the ten users, the
prevalence rates for the DSM-IV diagnosis of histrionic, narcissis-
tic, borderline, and antisocial personality disorder were 10, 20, 50,
and 30%, respectively. For the 18 non-users, the prevalence rates
for the DSM-IV diagnosis of histrionic, narcissistic, borderline,
and antisocial personality disorder were 11, 0, 50, and 0%, respec-
tively. Chi-square analyses detected a significant difference in the
prevalence rates for only antisocial personality disorder between

the users and the non-users (Fisher’s Exact Test, p � 0.0366).
Table 4 presents the differences in these scores.

The affective symptom assessments, the HAMD (depression)
and MMRS (mania), differed between the two groups. The mean
total HAMD scores for the users 6.0 (4.2) (range � 1 to 15) were
greater than the non-users 2.0 (2.1) (range � 0 to 7) (Mann-
Whitney: z � 2.832, n � 28, p � 0.005). The mean total MMRS
scores for the users 8.6 (9.3) (range � 0 to 31) were greater than the
non-users 2.2 (3.3) (range � 0 to 14) (Mann-Whitney: z � 3.394,
n � 27, p � 0.015). Individual item analysis of the HAMD and
MMRS was performed. Six of the mean scores of individual items
on the HAMD (24 items) and five of the mean scores of individual
items on the MMRS (28 items) were higher in the AS-users versus
the non-users at the p � 0.05 level. According to the HAMD inter-
view, the items of depressed mood, agitation, psychic anxiety, so-
matic anxiety, hypochondriasis, and hopelessness were rated
higher among the testosterone users. According to the MMRS in-
terview, the items of hypertalkativeness, restlessness, making
threats, irritability, and being sexually preoccupied were rated
higher among the testosterone users.

The following variables were identified as demonstrating differ-
ences between anabolic steroid users and non-users: total testos-
terone, weakly-bound testosterone, free testosterone, BDHI ag-
gression factor, PDQ-Cluster B scores, MMRS scores, HAMD
scores, and PSAP (B presses per point-subtraction). Simple linear
regression correlations were determined between the weakly bound
testosterone concentrations and the other variables for the non-
users only. None of these non-user-dependent variables correlated
with the weakly bound testosterone concentrations.

Discussion

The subjective (BDHI) and objective (PSAP) assessments of ag-
gression concluded that supra-normal serum testosterone concen-
trations were associated with increased aggression. However, the
PDQ-R results suggest that this finding was confounded by the per-
sonality disorder profile of the steroid users. Anabolic steroid users

TABLE 2—Testosterone panel contrasting anabolic steroid users versus non-users.

Nonusers, Users,
mean (SD) mean (SD)

Variable (n � 18) (n � 10) Test Statistic P-Value

Total (ng/dL) 494 (187) 2097 (1366) z � 3.980, n � 28 �0.0001
Weakly bound (ng/dL) 195 (109) 1886 (1397) z � 4.219, n � 28 �0.0001
Free (ng/dL) 4.8 (8.4) 211 (310) z � 3.867, n � 27 �0.0001

NOTE: z � nonparametric Mann-Whitney test.

TABLE 4—Cluster B personality disorder scores for anabolic steroid
users and non-users (PDQ-R).

Nonusers Users
Variable (n � 18) (n � 10) Test Statistic P-Value

PDQ-Cluster B 9.3 (5.6) 16.1 (8.3) z � 2.308, 0.0210
n � 28

PDQ-histrionic 1.3 (1.5) 2.8 (1.8) z � 2.110, 0.0349
n � 28

PDQ-narcissistic 1.9 (1.3) 2.7 (2.3) z � 0.783, 0.4337
n � 28

PDQ-antisocial 1.6 (0.5) 3.6 (1.4) z � 3.841, 0.0001
(adult) n � 28

PDQ-antisocial 1.2 (1.7) 1.1 (1.3) z � 0.258, 0.7967
(child) n � 28

PDQ-borderline 3.2 (3.0) 5.9 (3.3) z � 2.393, 0.0167
n � 30

NOTE: z � nonparametric Mann-Whitney test.

TABLE 3—Aggressive and non-aggressive response on the Point Subtraction Aggression Paradigm (PSAP).

Nonusers Users
Variable (n � 18) (n � 10) Test Statistic P-Value

B/point subtraction 27.3 (23.1) 116.1 (127.2) z � 2.253, n � 28 0.024
(aggression)

B/min 11.9 (7.9) 43.2 (47.8) z � 2.493, n � 28 0.013
(aggression)

A/min 246 (43) 231 (74) t � 0.683, df � 26 0.50
(nonaggression)

NOTE: z � nonparametric Mann-Whitney test.



demonstrated Cluster B personality disorder traits. As demon-
strated in Table 4, the AS-user scores for the Cluster B personality
disorders were higher for antisocial, borderline, and histrionic per-
sonality disorders. Only the narcissistic personality scores were
similar between the two groups. Additionally, the diagnosis of an-
tisocial personality disorder was more prevalent in the users 30%
(3/10) than the non-users (0/18). The non-users’ antisocial person-
ality disorder rate is similar to that observed in community
controls. The observed prevalence rate for antisocial personality
disorder in the Iowa City community was estimated to be 0.4%
(1/235) (23). These findings led to the conclusion that anabolic
steroid users were significantly more aggressive than non-using
weightlifters. Unfortunately, we were unable to determine whether
this increased aggression was caused by elevated serum testos-
terone levels or merely reflective of intrinsic personality differ-
ences among individuals who chose to use anabolic steroids.

One difficulty interpreting personality scores in an AS-using
group is to differentiate possible personality risk factors from
changes in personality measures due to steroid use. Separating
cause and effect is difficult; however, one strategy can be used to
examine this issue. Antisocial personality questions in the PDQ-R
include questions for behavior and personality before age 15 (con-
duct disorder) and a separate section for questions on personality
after age 18. A significant elevation in PDQ-R responses prior to
age 15 suggests this personality type might increase the risk of
eventual drug use. Equivalent scores between our two groups in
this early age group would suggest that the personality measures
difference might be drug-induced, occurring only after significant
exposure to steroids. To examine this possible relationship, we
compared the average number of symptoms found in each group
before 15 and the number of symptoms found in each group after
age 18. The average number of symptoms found in each group
before age 15 years did not differ between the AS-users (mean �
1.1 symptoms) and non-users (mean � 1.2 symptoms) (unpaired 
t � 0.197, df � 28, p � 0.85). However, the number of symptoms
between each group after age 18 did differ between the AS-users
(mean � 3.6 symptoms) and non-users (mean � 1.6 symptoms)
(unpaired t � 5.530, df � 28, p � 0.0001). Thus, these data sug-
gest a drug-induced component to the antisocial traits of the AS-
users.

The low scores for narcissistic personality traits that were equiv-
alent between the two groups are noteworthy. A significant number
of casual steroid users have a primary cosmetic reason for using
steroids. Some have postulated this group of casual users may have
narcissistic features that contribute to risk of steroid use. The group
of subjects in our study did not demonstrate elevated narcissism.
Risk factors for the use of anabolic steroids may differ between
users that have a primary cosmetic motivation and those that have
a primary competitive and bodybuilding motivation. Most of our
weightlifters participated in bodybuilding competitions. We cannot
rule out the possible role of narcissism in other samples of steroid
users motivated primarily by cosmetic reasons.

The 50% prevalence rate of borderline personality disorder re-
quires further explanation. Self-report personality disorder mea-
sures like the PDQ-IIIR have limitations. High scores may indicate
an increased risk for the presence of a personality disorder. How-
ever, the agreement of PDQ-IIIR assessments with direct inter-
views in some populations is not high. Our estimates of personal-
ity disorder rates using the PDQ-IIIR may be upper limit estimates
(24,25). Our results support further study of the interaction of per-
sonality disorder and anabolic steroid use on behavior. Future stud-
ies should include a direct interview assessment of DSM-IV per-
sonality disorder.

The two instruments that measured affective disorder symp-
tomatology, the HAMD and MMRS, suggested more affective
disorder symptoms overall in the anabolic steroid users. The in-
dividual item-analyses of the instruments suggested that the af-
fective symptoms that separated the users from the non-users
were depressed mood, agitation, psychic anxiety, somatic anxi-
ety, hypochondriasis, and hopelessness from the HAMD, and hy-
per-talkativeness, restlessness, making threats, irritability, and
being sexually preoccupied from the MMRS. Since none of the
study subjects met the criteria for a DSM-IV diagnosis of either
major depression or acute mania, it was concluded that the in-
creased affective symptoms were likely an indirect measurement
of the increased aggression and personality disorder pathology of
the anabolic steroid users. These findings are in agreement with
a previous study in which the authors (PJP) were unable to dis-
cern an increase in affective disorder pathology in middle-aged
volunteers being administered testosterone cypionate doses of up
to 500 mg/week for 14 weeks. None of these patients had any
personality traits or disorders or any past history of affective ill-
ness (8). Another explanation for the findings in this study is that
anabolic steroids produce independent affective symptoms that
do not reach the threshold for DSM-IV diagnostic criteria. Such
sub-syndromal symptoms may contribute to a level of subjective
distress but not reach the level seen in clinical affective disor-
ders.

Our findings, while not conclusive, are consistent with prior re-
search studies (3–5,7–9) that suggest that AS use promotes aggres-
sion among “normal healthy males” (negative psychiatric history)
and typical users of AS in the general population such as
weightlifters. All of the studies suggest either directly or indirectly
that there is a dose-dependent effect of anabolic steroids on ag-
gression as measured by the BDHI and PSAP. The PSAP has been
utilized to measure aggression associated with alcohol, caffeine,
secobarbital, nicotine, benzodiazepines, amphetamines, and mari-
juana as well as male parolees (5) since 1981, while the BDHI has
been utilized as a psychometric tool for measuring aggression since
1957 (17). Thus, after considering the breadth of the anabolic
steroid scientific literature, it would seem that the finding that AS
promote aggression meets the Daubert Criteria (27).
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