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Abstract

Objective: Despite widespread drug testing in sports and wgsmabout the
potential risks of using anabolic-androgenic s#s¢AAS), non-medical use is prevalent
among athletes, non-athletes, and disturbingly @anaaiolescents. To date, most research
has focused on the anabolic properties and shontftealth risks of AAS use. In
contrast, studies investigating the effects on tognfunction in men using high doses
of multiple exogenous steroids are lacking. Thengriy purpose of this naturalistic study
was to examine the effects of non-medical sters&lan sex-related cognitive abilities in
male bodybuilders. The secondary purpose of thiystias to evaluate the psychological
functioning of male bodybuilders who use AASs.

Methods: Eight male bodybuilders who used high doses of &8re matched with
bodybuilding and aerobic controls who had nevedus&Ss, according to age,
education, and estimated verbal intelligence. AAS8 of the bodybuilders appeared
similar to reports in the literature of self-adnste@red AASs regimens used by strength
athletes. All groups underwent a battery of cogaitests and self-report psychological
inventories, and had serum total testosterone sating proteins measured immediately
after testing. Cognitive measures selected wergetkimat have previously shown sex
differences. The study examined four psychologicahains: aggression, personality,

body image, and eating-disordered attitudes/behasio



Results: Male bodybuilders who used AASs scored significaltwer than controls
on mental rotations and on the WAIS-III Digit-Synhi@@nding subtest. There were no
other significant group differences on the cogeitiasks. A curvilinear (inverted U)
relationship was identified between spatial abiihd total testosterone in men who did
not use AASs. As there were only a few AAS usetthéncurrent study, there was little
power to demonstrate a linear or nonlinear relatigm Overall, there were no significant
differences between groups on the psychologicahbbas. AAS users exhibited elevated
levels of antisocial personality traits, with 38%@8ng in the clinically significant range.
Bodybuilders reported some body weight concerresgiipally a drive for muscularity
combined with a drive for a well-toned body, with difference between AAS users and
bodybuilding controls. Three AAS users and one badgling control exhibited
psychological disturbances, as evidenced by eldwsteres on multiple psychological
measures.

Conclusions: The results of this preliminary study provide sogn&lence that high
doses of AASs in men might influence certain agpettognition, specifically reducing
complex visuospatial skills and perceptual speée. data also suggests that endogenous
testosterone influences spatial ability in healtign in a curvilinear fashion. Further
research with larger samples of AAS users is reguio quantify the cognitive effects of
non-medical AAS regimens. The study also contribtibethe growing literature on the
psychological effects of bodybuilding and AAS uaighough many AAS users and
bodybuilders might display minimal psychopatholotpere is likely a subgroup of
individuals who exhibit clinically significant psiiological disturbances. Further research
IS necessary to identity the nature and severipsgthological symptomatology in this

population, and effective modes of treatment.
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Introduction

During the 1950s and 1960s, many bodybuilders &edgth athletes had begun
using anabolic-androgenic steroids (AA8) increase lean muscle mass and strength,
and to enhance athletic performance (e.g., Fa@81%ade, 1972). Since that time, AAS
use has spread to almost every sport, from wresttirswimming to basketball (e.g.,
Franke & Berendonk, 1997; National Collegiate Aticldssociation, 2001). Despite
warnings about the potential adverse effects cdfdlsribstances and widespread drug
testing in sports, AAS use has increased subsligntiat only among collegiate, elite and
professional athletes, but also among amateurtaghéend other segments of the general
population. For example, there is a public concegarding the alarming increase in
AAS use among adolescents and even elementarylsaped children. Adolescents are
using steroids during a critical developmental @etof maturation of the brain and the
reproductive system (Sisk, Schulz & Zehr, 2003)nylevomen athletes are also using
AASs despite their powerful virilizing effects (e.flational Collegiate Athletic
Association, 2001).

Lifetime steroid use was estimated to be more tranmillion people in the United
States, with more than 300,000 having used AASsiwthe past year and a median age
of initiation of 18 years (Yesalis, Kennedy, Kopsie& Bahrke, 1993). Non-medical use
of AASs remains a particular problem in sports joddthough AAS use is not rampant
in all sports, higher prevalence rates have begorted among competitive athletes,
particularly those involved in strength-intensiyp®ds. Approximately 40 to 70% of male

bodybuilders and powerlifters (Delbeke, Desmet, &Bckere, 1995; Wagman, Curry,

! For the sake of simplicity, the term anabolic-amygmic steroid (AAS) will be used throughout thigpr
to refer to exogenous testosterone and its syotHetivatives.



& Cook, 1995; Yesalis et al., 1988), 30-70% of wlazlass track and field athletes
(Ljungqvist, 1975; Silvester, 1973), and 1-10% o§lcollege athletes in strength sports
(National Collegiate Athletic Association, 2001kaowledged current and/or previous
use of AASs to enhance athletic performance. Aetisea great deal of secrecy
regarding AAS use among athletes, these prevalabes may be an underestimation of
the actual steroid use.

Studies estimate that approximately 3 to 12% ofraalolescents and 1 to 5% of
female adolescents in the United States have ugs&s At some point in their life, some
of whom simply use for cosmetic reasons (DuRarntpBsdo, & Heath, 1995; Grunbaum
et al., 2004; Yesalis, Barsukiewicz, Kopstein, &Bee, 1997). Male high school athletes
are more likely to use AASs as compared to noretgh| specifically those involved in
football and wrestling (Buckley et al., 1988; Geaiffith, Cahill, & Tuttle, 1994; Terney
& McLain, 1990). The use among high school fem&es/en more alarming, as the
national Youth Risk Behavior Survey noted a 140%6ease in AAS use from 1999
(2.2%) to 2003 (5.3%) [Grunbaum et al., 2004; Kahal, 2000]. A more recent report
suggested a slight decline in AAS use among fermadddescents (3.2%) [Eaton et al.,
2006]. The use of AASs by adolescents is not lichitethe United States, with
prevalence rates ranging between about 1 to 4%her countries such as Canada (e.g.,
Canadian Centre for Ethics in Sport, 1993; MelipeP& Greenberg, 1996), Australia
(Handelsman & Gupta, 1997) and Norway ( Palleseseddal, Johnsen, Larsen, &
Molde, 2006).

Endocrinology of Anabolic-Androgenic Steroids
AASs are a group of steroid hormones, which inclexiegenous testosterone and

several synthetic derivatives of endogenous andiodeestosterone is a 19-carbon



steroid hormone (androgen) synthesized from cherlelstThe four-ring chemical
structure of cholesterol is preserved in the sysithef testosterone. In adult men,
testosterone is the principal circulating androigetine body, which is produced
primarily in the Leydig cells of the testes. Ab&db of testosterone is produced by the
adrenal glands (Wu, 1992). Plasma testosteronesatnations are much greater in adult
men than in women and in prepubescent boys.

Testosterone production increases suddenly dudbgny, and serum testosterone
levels peak in early adulthood. The average adalemproduces about 7 mg of
testosterone per day, with circulating total tefsimme levels ranging from around 10 to
35 nmol/L (Wu, 1992). An age-related decline ircalating testosterone levels has been
identified in men, but there is great inter-indivad variability (Tenover, 1994). Healthy
men exhibit a gradual decline in serum testosteleweds during the third decade of life,
with an associated increase in luteinizing horm@mhé), follicle-stimulating hormone
(FSH), and sex-hormone binding globulin (SHBG) ls\e.g., Feldman et al., 2002;
Gapstur et al., 2002; Gray, Feldman, McKinlay, &ngoope, 1991; Harman, Metter,
Tobin, Pearson, & Blackman, 2001). Both free amdwailable testosterone
concentrations fall more steeply than total testaste due to increases in SHBG levels
with age (Swerdloff & Wang, 2004). Harman and cajjees (2001) also indicated that a
significant percentage of men over 50 years ofteye circulating testosterone
concentrations in the hypogonadal range.

Diurnal and seasonal variations in circulatingdsstrone levels in young adult men
have also been reported. Serum testosterone lgsaksearly in the morning and fall to

approximately 43% of the morning peak value, reagimadir concentrations between 4



and 8 p.m. (Diver, Imtiaz, Ahmad, Vora, & FrasédQ3; Valero-Politi & Fuentes-
Arderiu, 1996). In young adult men, the rise irtdsterone is linked with the appearance
of the first rapid-eye movement sleep episode (lshiioky, Zabari, Shen-Orr, Herer, &
Lavie, 2001). The circadian rhythm in serum testaste levels is blunted in healthy
older men (e.g., Bremner, Vitiello, & Prinz, 1983ymate, Tenover, & Bremner, 1989).

Seasonal fluctuations in male testosterone lewals lalso been identified. In North
America, men have higher testosterone levels endatumn and early winter (when
sperm counts are highest) than in the spring (Dal880; Reinberg, Smolensky, Hallek,
Smith, & Steinberger, 1988). Nonetheless, studée® ldemonstrated contradictory
results (Meriggiola, Noonan, Paulsen, & BremneB6t $vartberg, Jorde, Sundsfjord,
Bgnaa, & Barrett-Connor, 2003).

Production and secretion of testosterone in the nisalegulated by a complex set of
feedback loops of the hypothalamic-pituitary-gonadas. The hypothalamus
synthesizes and secretes gonadotropin-releasimgadner (GnRH), which in turn
stimulates the production and release of both L&i E®H from the anterior pituitary
(Haymond & Gronowski, 2006). LH acts on testiculaydig cells to stimulate the
synthesis and secretion of testosterone, and F&-badhe Sertoli cells to stimulate
spermatogenesis, as well as the production anétgactiof inhibin (Haymond &
Gronowski, 2006). Circulating androgens (such asterone and DHT) act on target
tissues, but also regulate gonadotropin secretimugh negative feedback on the
hypothalamus and anterior pituitary. For examglplasma testosterone levels are

elevated in the male, it signals the hypothalamustibit secretion of LH and FSH. This



feedback also reduces the production of testostearothe testes (Haymond &
Gronowski, 2006).

Testosterone is not the sole inhibitor of gonadutr@ecretion in men. Estrogens
and peptide hormones (e.g., inhibin B, kisspefisd regulate gonadotropin secretion.
Inhibin B, a gonadal glycoprotein hormone, has b&®wn to inhibit pituitary FSH
secretion by negative feedback (Meachem, NiescBl&jmoni, 2001). Kisspeptin
stimulates the release of GnRH by activating GnRbrons (Dungan, Clifton, & Steiner,
2006). Kisspeptin receptors (G protein-coupled peare GPR54) have been found on the
GnRH cell membrane. There is also some evidend&iepeptin neurons are sensitive
to steroid feedback (Dungan, Clifton, & SteinerQ@p

Steroid hormones act as chemical messengers, arichasported in the bloodstream
to target tissues. Free testosterone is a lipidbdelsteroid hormone, and thus can diffuse
passively through extracellular membranes (Nel2660). Once inside the target cell,
testosterone binds tightly to inactive androgerpéars in the cytoplasm, causing the
receptor to undergo a structural change into ameatdrm (O’'Malley & Strott, 1999).

The activated steroid-receptor complex enters élenacleus where it binds directly to a
specific DNA sequence (hormone response elemenggldate gene transcription and
subsequent protein synthesis (Nelson, 2000; O'M&l&trott, 1999). The physiological
effects of testosterone (and AASs) are mediatemlitfir intracellular androgen receptors.
However, there is evidence that some steroid hoemesponses involve ‘non-genomic’
mechanisms of action, such as rapid cellular ahé@¥ieural responses to the steroid
hormone (e.g., Foradori, Weiser, & Handa, 2008; Md% Evans, 1999).

In healthy men, approximately 2-3% of testostercnaulates in plasma in unbound



form (free testosterone) [Haymond & Gronowski, Z00®e remainder is bound to
plasma proteins. Testosterone is bound primarigHBG and to a lesser and weaker
extent to albumin (Haymond & Gronowski, 2006). Daegtrone is bound tightly to

SHBG, and thus is not biologically active. Howeubae free and weakly bound hormone
fractions are available for tissue uptake (Pardrid®86). Bioavailable testosterone is the
sum of albumin-bound testosterone plus free temtoiseé, and represents about 35% of
total testosterone (Haymond & Gronowski, 2006).

Two primary pathways of peripheral metabolism stasterone exist within the
body. The liver is the main site for inactivatiohamdrogens (Mooradian, Morley, &
Korenman, 1987). Testosterone is converted to exgrenetabolites, such as 17-
ketosteroids, that are excreted primarily in theei{Haymond & Gronowski, 2006).
Urine testing for endogenous, as well as exogerstesyids and their excretory
metabolites has been the primary means for detesteroid use in athletes. Circulating
testosterone is also irreversibly metabolized lactdarget tissues to its more
biologically potent products, specifically dihydestosterone (DHT) via the enzyma-5
reductase and to estradiol via aromatase (Haymo@dafaowski, 2006). Approximately
85% of the circulating estradiol in males is frororaatized testosterone, with the
remainder secreted by the testes (MacDonald, Madtemner, Wilson, & Siiteri,

1979).

Circulating testosterone exerts both direct andéot effects on many different
tissues in the body. It may act directly on kidn&keletal and cardiac muscle, as well as
some reproductive tissues, through binding withathérogen receptor (Mooradian et al.,

1987). Aggression and sexual behaviour are inrpadiated by testosterone (Rubinow &



Schmidt, 1996). Testosterone may exert indireeog$fin peripheral tissues by
converting to one of its active metabolites. Faaraple, it is metabolized to DHT in
androgen target tissues with higl-feductase activity, such as the skin, hair facand
prostate (Haymond & Gronowski, 2006; Mooradianlgtl®87). Although the actions of
testosterone and DHT are mediated by the samedtiukar androgen receptor, DHT
binds to androgen receptors with a greater affitngn testosterone (Mooradian et al.,
1987).

Testosterone also may exert some of its effectaitir estradiol. Peripheral
aromatization of testosterone to estradiol ocauedipose tissue, bone, and numerous
sites in the brain (Mooradian et al., 1987). Aromead testosterone presumably acts via
the estrogen receptors to influence bone growtlhe sexual behaviour, and other brain-
related functions (Mooradian et al., 1987). Testasie may also compete with estradiol
for binding to estrogen receptors (Mooradian etl&187).

Androgen and estrogen receptors are selectivelyldised in the brain, with some
overlap in target locations. Nelson (2000) indidateat the distribution of estrogen
receptors is more extensive in the brain thandh#te androgen receptors. Animal
studies have shown that androgen receptors arectated in the amygdala,
hypothalamus, pituitary, septum, and preoptic @&zEwen, 1980). Aromatization of
testosterone to estradiol occurs in different regiof the brain. Aromatase activity has
been found in the amygdala, preoptic area, andthgfamus, but was absent in the
pituitary and cerebral cortex (McEwen, 1980).

Estradiol binds with two different types of estrageceptors (ER and ER) in the

brain. Based on localization studies of rodentsag been found that both estrogen



receptor subtypes are generally expressed in dasidistribution throughout the brain
(Maggi, Ciana, Belcredito, & Vegeto, 2004). Howeube receptor subtypes are
concentrated in different regions of the brain. &mmple, ER is the predominant
subtype in the hippocampus, preoptic area, andioeateas of the hypothalamus (e.qg.,
Maggi et al., 2004; Orikasa, McEwen, Hayashi, SakuénHayashi, 2000; Pérez, Chen,
& Mufson, 2003). Although the HRis present in several brain regions wherexER
expressed (e.g., medial amygdala), it is also admind regions where ERis sparse or
absent such as the cerebral cortex and the cargb@hughrue & Mercenthaler, 2001).
Estrogens have an influence on mood, verbal mewedyfine motor skills, and may play
a neuroprotective role by limiting the extent otirmegeneration induced by brain injury
and neural disorders (Maggi et al., 2004). Stehoiadnone actions in the male brain are
likely due to a complex interplay of both directdandirect effects on androgen and
estrogen receptors.

Steroid hormone receptors are found throughoubditly, such as skin, skeletal
muscle, reproductive tissues, heart, liver, kidraay] the brain. The effects of steroid
hormones vary depending on the type of receptateeanymes present in target tissues.
The diverse physical and behavioural effects oftesociated with AASs are related to
the almost ubiquitous steroid receptor sites |latate¢he body.

Anabolic and Androgenic Effects of Steroid Hormones

AASs produce both androgenic (masculinizing) arabaltic (tissue building)
effects. However, they also possess biologicabaston target tissues that are neither
androgenic nor anabolic, such as those of the alemtrvous system. Androgenic effects

are responsible for the normal growth and developrokthe male urogenital tract and



secondary sex characteristics (such as axillacyalfeand pubic hair growth, laryngeal
enlargement, and sebaceous gland proliferationpfisitian et al., 1987]. Androgens are
also necessary for spermatogenesis in men, agwaihintenance of the male accessory
sex organs and sexual functions.

Testosterone also possesses highly anabolic efteatly studies found that the
injection of an androgen-containing extract fronmiam male urine produced a strong
positive nitrogen balance, with an increase in bedight in castrated dogs (Kochakian
& Murlin, 1935). Shortly thereafter, the nitrogestention ability of a synthetic steroid
was documented in eunuchoid men (Kenyon, Sandignghn, Knowlton, & Koch,
1938). AASs have been shown to play a role in togvth and maintenance of muscle in
humans, by stimulating positive protein metaboleam nitrogen retention. They also
have a positive effect on bone mass and bone gd&siahidi, 2001). AASs stimulate the
production of red blood cells by increasing eryguietin levels and blocking the
negative effects of catabolic hormones (cortisalpootein metabolism (Basaria,
Wabhlstrom, & Dobs, 2001). The anabolic charactesstf AASs are the primary selling
feature to bodybuilders and athletes.

Types of Anabolic-Androgenic Steroids

Unmodified testosterone is ineffective clinicallyh@n taken orally or by injection, as
it is rapidly degraded by the liver and thus effexplasma levels are not sustained
(Bagatell & Bremner, 1996; Wilson, 1988). To cirowent this problem, attempts were
made to develop a steroid compound with prolongelbical activity (Shahidi, 2001).
Specifically, modification of the chemical struawf the testosterone molecule was
performed to slow the rate of absorption and togmérapid degradation in the body

(Wu, 1992). Researchers were also interested ialdewmg synthetic steroids with strong
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anabolic relative to androgenic properties for dépeutic purposes, specifically for use
with women and children. There are no purely ‘atiabsteroids, and all of the AASs
retain sufficient androgenic activity to producelization (Wilson, 1988). Nonetheless,
there are some synthetic steroids with more s@itababolic-androgenic profiles for
therapeutic use (Shahidi, 2001). In addition, worattetes interested in increasing
anabolic support often choose AASs with lower agdric properties to decrease the
masculinizing effects.

Based on structural modifications to various regiofithe testosterone molecule,
three main classes of synthetically modified stésdiave been developed. Type A
steroids involve esterification of the @-hydroxyl group with various carboxylic acids,
which increases lipid solubility of the moleculedagxtends its duration of action in
peripheral tissues (Basaria et al., 2001; Wils@88). To slow the rate of release of these
compounds, they are primarily administered by mtracular injection in oil. Lipid
solubility and rate of absorption of testosterostees depends on the length of the carbon
chain, with longer chains resulting in slower releand a prolonged action in the body
(Wilson, 1988). Testosterone esters are hydrolyaduologically active free
testosterone, which possesses virtually the saatedical effects on target tissues, and is
metabolized by the same pathway as endogenoustersioe (Wu, 1992).

Type B derivatives entail alkylation at theolgosition, which slowed the rate of
metabolic inactivation by the liver and permittétketive oral administration (Wilson,
1988). Alkylation alters the metabolic pathway,uléag in a longer half-life (Basaria et

al., 2001). Type B derivatives are not convertetegtosterone or its distinct metabolites,
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but produce physiological effects by acting dingetith the androgen receptor (Wilson,
1988).

Type C steroids involve alterations of the ringisture of the testosterone molecule
(Wilson, 1988). Most derivatives contain a combimaf structural changes of the ring
(Type C) with either esterification (Type A) or glation (Type B) [Wilson, 1988].
These combined agents are available for both ohparenteral use. Similar to the
alkylated agents, they are not converted to testose in the body (Wilson, 1988).

Endurance and strength athletes who take AASs piimese the oral and parenteral
forms of steroids (Franke & Berendonk, 1997; Yesé&lBahrke, 1995). Intramuscular
injections of testosterone esters are often pi@sdror clinical purposes; however, they
pose potential undesirable side effects. Intramasaojections can cause fluctuations in
serum testosterone concentrations, with unphysicddly high levels within 24 to 48
hours after injection followed by a gradual declinesubnormal values before the next
injection (Snyder & Lawrence, 1980; Wu, 1992). Flations in serum testosterone
levels can cause similar changes in energy, maoaiad desire and activity (Bhasin &
Bremner, 1997). The pharmaceutical industry has baerested in developing
alternative testosterone preparations in ordetatoilize testosterone levels and to
improve side effect profiles.

Various alternative delivery systems have beenldped, including transdermal
scrotal and nonscrotal patches, dermatological tgdtosterone implants, and nasal
sprays. Transdermal applications have become isioglg popular for clinical use as
they maintain physiological testosterone levels amyide ease of application as

compared to parenteral injections (Bhasin et 806). Elite athletes also often use these
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alternative delivery systems and other maskingrtiegles before competitions to
circumvent detection by drug testing (Franke & Bel@nk, 1997).

Each AAS has a unique molecular structure thamdasr to testosterone, and
functions as a steroid hormone in the body. Howexesgenous steroids possess
different anabolic-androgenic ratios and have diffé effects within the body (e.g., some
steroids are metabolized similar to endogenousgtsbne, whereas other steroids are
not converted to testosterone or its metabolifEsg. magnitude of anabolic-androgenic
effects in the body also depends on route of adwnation, the dosage, as well as the
frequency and length of usage. For example, intsodar injections of testosterone
esters require less frequent administration andesselikely to cause liver toxicity than
oral AASs.

Clinical Uses of Anabolic-Androgenic Steroids

When taken in controlled amounts, AASs have sonfid ehlnical uses. AASs are
primarily indicated and prescribed for male hypoagism (Conway, Handelsman,
Lording, Stuckey, & Zajac, 2000). The therapeubtealgf androgen supplementation is
to maintain serum testosterone levels within thegspdtogical range (Conway et al.,
2000). In children with delayed puberty, testosterceplacement therapy also helps to
advance sexual development and stimulate lineag boowth (Bagatell & Bremner,
1996). Androgen-deficient men experience diminisheergy and sexual function,
decreased lean muscle mass, strength, bone maersity, hematocrit and hemoglobin
concentrations, as well as a smaller prostate (@greval., 2000). Treatment with AASs
has been shown to reverse these testosteroneethefies (Bhasin et al., 1997; Conway et
al., 2000; Snyder et al., 2000; Wang et al., 2088y.eral testosterone regimens are

available for treatment of androgen deficiency sgntkes, such as long-acting
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testosterone esters, transdermal formulationssabhdermal pellets (Hijazi &
Cunningham, 2005; Kazi, Geraci & Koch, 2007).

There is an emerging trend to use AASs as hormapgleamentation in healthy
older men. Testosterone replacement therapy hasgyeposed to prevent or reverse
symptoms associated with androgen deficiency inggdncluding declines in energy,
sexual dysfunction, muscle weakness and wastirdypateopenia. Preliminary
randomized, placebo-controlled studies have shdwrt-¢erm benefits on body
composition, bone mineral density, hematocrit a@chdglobin (Morley et al., 1993; Sih
et al., 1997; Tenover, 1992). Nonetheless, thefiisroé hormonal supplementation have
not been adequately assessed in older men (Corivehy 2000; Swerdloff & Wang,
2004).

Since AASs promote nitrogen balance and proteith&gns in the muscular system,
these drugs have important clinical applicationthentreatment of sarcopenia associated
with chronic illnesses, such as severe burns, capuknonary disease, and renal failure
(Basaria et al., 2001; Shahidi, 2001). AASs are adsitinely used to fight muscle
wasting associated with HIV and AIDS. Various sasdnave demonstrated increases in
lean muscle mass and strength, as well as incrgabi&lo, energy and mood with
androgen supplementation in HIV patients (Basdra.e2001; Bhasin et al., 2000;
Rabkin, Wagner, & Rabkin, 2000).

Testosterone and synthetic steroids have sevéral olinical applications. They
have been used occasionally as an anti-estrogeeaiometastatic breast cancer (Basaria
et al., 2001). These compounds have been used inelitment of short stature (Turner’s

syndrome), wound healing and postoperative recowry hereditary angioedema
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(Basaria et al., 2001; Shahidi, 2001). At one tipsrenteral AASs were prescribed for
the treatment of deficient red blood cell productias seen in various anemias and bone
marrow failure (Bagatell & Bremner, 1996; Basatiale 2001). However, due to the
availability and effectiveness of recombinant ergfioietin in treating these conditions,
androgen therapy is now rarely used.

Due to the shortcomings of existing methods of ncal@raception, efforts have
been made to develop a reversible hormonal cormgti@eemethod for men (Amory &
Bremner, 2003). Several clinical studies have atalll AASs alone or in combination
with other agents as potential male contraceptiZgegenous testosterone administration
results in negative feedback suppression of gonagiotsecretion and normal
testosterone production, as well as reduction @mraproduction and fertility (Basaria et
al., 2001). Clinical trials have shown that testoshe esters alone or in combination with
other agents can induce fully reversible suppressispermatogenesis to azoospermia
with minimal side effects; however, sperm produttias not entirely suppressed in all
men (e.g., Bagatell, Matsumoto, Christensen, Ri®dBremner, 1993; Kamischke et al.,
2002; Matsumoto, 1990; World Health Organizatid®Q@; Zhang, Gu, Wang, Cui, &
Bremner, 1999).

Although AASs have been used for over 50 yearsett tnale hypogonadism, very
little is known about the long-term effects of taesugs (Wu, 1992). Long-term
outcomes of AAS use for therapeutic purposes nede more fully evaluated. Side
effects appear to be related to dose and routdroirastration. Safety hazards of AAS
use are primarily available from studies conduetétl athletes.

Non-medical Use of Anabolic-Androgenic Steroids

Performance-related AAS dosage depends on the @paithe particular needs of
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the athlete (Yesalis, 2000). Endurance athletesteseids primarily for their alleged
catabolism-blocking effects, at doses typicallpraslightly below physiological
replacement levels (Yesalis, 2000). Bodybuildeosygrlifters, and other strength
athletes, however, frequently use AASs in doseisfinaxceed those used for clinical
purposes (supraphysiological levels). Based om thguirements to increase lean muscle
mass and/or strength, these athletes often talesdbat are 10 to more than 100 times
greater than normal physiological levels (Brow&02, Franke & Berendonk, 1997).
However, the actual amount and quality of the sarxsts are often unknown because
athletes typically obtain AASs from black marketiszes and/or use veterinary
preparations (Brower, 2002).

Strength athletes often use different types of adstration techniques to avoid
tolerance and withdrawal symptoms, and to actiwvadee androgen receptor sites
(Brower, 2002; Yesalis, 2000). For example, atlsletiten combine (‘stack’) multiple
oral and parenteral AASs at a time. To avoid plaiteg an athlete may stagger their use
of AASs by taking different drugs in an overlappimajtern, or by stopping one AAS and
starting another (Yesalis, 2000). Cycling is anoteehnique used by bodybuilders; they
alternate periods of AAS use with drug-free perid&imthetic steroids are often used in
cycles typically lasting for 6 to 12 weeks (Yesall800). However, some strength
athletes take AASs on a continuous basis with fevgdree periods (Brower, 2002).
Athletes might also use pyramid regimes duringde;ywhere small doses are gradually
increased to high doses and then tapered off totharénd of the cycle (Brower, 2002).

Bodybuilders, powerlifters, and other strengthettd often combine these various

administration technigues. AASs are commonly usezbnjunction with other drugs to
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augment anabolic effects and to counteract adwdgeeffects, such as diuretics (to
decrease fluid retention), ephedrine (to burn &atji-estrogens (to prevent
gynecomastia), and human chorionic gonadotropbipri@vent testicular atrophy)
[Brower, 2002; Evans, 2004]. It is also importanthbte that athletes often combine strict
diet regimes including dietary supplements (e.gtgin, vitamins, creatine) with their
physical training and AAS use. Side effects expeeel by athletes taking AASs might
be the result of an interaction between AASs aheéradietary supplements, diet, and
intense physical training.

Athletes continue to use AASs despite their knottical, legal, and health
complications. Virtually all sport federations h&venned the use of performance-
enhancing drugs. Reasons for banning the use gédmnusport have been based on
various ethical and moral arguments, such as grotecf the well-being of athletes,
coercion to cheat, and unfair advantage over nos#A8ing athletes (Yesalis, 2000).
Yesalis (2000) argued that drug use “is morallymgrbecause it reduces sport to
competition between biochemical machines” (p. @stbsterone and synthetic steroids
are controlled substances in Canada and the Usttads, and are illegal for use without
a physician’s prescription. A substantial portidritese drugs is obtained from black
market sources for unapproved indications, sudbraathletes or bodybuilders who use
AASs for muscle building or performance enhancenféasalis, 2000). Beyond the
dangers associated with AAS use, the purity andityuantrol of black market sources
are an additional concern.

Effects of Anabolic-Androgenic Steroids
Non-medical use of AASs is a growing health probleme that has an expanding

list of negative side effects. Although the shertat health and psychological effects of
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AAS use have been increasingly studied, the long-tesks of megadoses of AASs are
not well known. In endurance and strength athletespenefits of AAS use, specifically
the anabolic properties, appear to outweigh thes ri¥esalis, 2000).

Muscular strength and muscle mass. Bodybuilders, weightlifters and other strength
athletes often take AASs to increase muscle masstaength, reduce body fat, increase
aggressiveness and/or reduce recovery time betwesdwuts to allow them to increase
training volume and intensity. Athletes consistgptiaise the anabolic effects of AASs.
However, there is considerable debate about theaeff of AASs for improving
muscular strength and size. Some professionalsdevied that AASs significantly
increase muscle mass or improve athletic performaaguing that any weight gain is
primarily the result of water retention (e.g., Hey\et al., 1981; Wilson, 1988) or that any
strength gain is largely psychological (Ariel & 38y 1972).

Significant inconsistencies exist in the reseaitelndture with regards to the anabolic
effects of AASs in normal men, with some studiesidestrating an increase in muscular
strength (e.g., Alén & Hakkinen, 1987; Bhasin et B996) and others failing to show a
change in muscle strength (e.g., Crist, Stacki@Reake, 1983; Samuels, Henschel, &
Keys, 1942). Part of the confusion stems from #uoé bf uniformity and questionable
experimental designs, including lack of appropr@istrols, different assessment criteria,
varying doses of different steroids, and weighhirey history before the study period
(Blue & Lombardo, 1999; Elashoff, Jacknow, ShairB&aunstein, 1991; Wilson, 1988).
In addition, studies that found positive effectsnomscular strength generally used
experienced weightlifters and/or high-doses of AASs

In a meta-analysis study, Elashoff, Jacknow, Staaid,Braunstein (1991) examined
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the effects of AASs on muscular strength. Aftematiation of several poorly designed
studies, the investigators found no support fora@ckd muscle strength with AAS use in
untrained participants. On the other hand, preWoained athletes in the AAS group
showed slightly greater improvements in strengthgared to the trained athletes in the
placebo group. Only three of nine studies of trdiathletes provided adequate
information to calculate effect sizes. Althoughaegke overall effect sizelE 1.0, range =
0.22 to 2.3) was found for these three studiesHeiti and colleagues (1991) indicated
that the data were insufficient to allow any fironclusions about the efficacy of AASs
in enhancing overall athletic performance. It wis® aoted that these results should not
be generalized to strength athletes using varicdS Administration techniques as most
of the published studies used low dosages of sstgi®id derivatives (Elashoff et al.,
1991).

A recent well-designed study using supraphysiolagioses of testosterone
enanthate (600 mg/wk) demonstrated gains in mssagth and muscle mass in
healthy eugonadal men (Bhasin et al., 1996). Rbntye men, with previous weight
training experience, were randomly assigned intw fpoups: testosterone with no
exercise, testosterone with strength training,gid@aovith no exercise, and placebo with
strength training. Among the no exercise groupgdshand colleagues (1996) found that
men given testosterone gained significantly morsatausize and strength than those
given the placebo. However, the combined regim@ubraphysiologic) testosterone and
strength training produced a greater increase isciatsize and strength than the other
three groups (Bhasin et al., 1996).

Franke and Berendonk (1997) also shed some lighteperformance enhancing
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potential of AASs. From 1966 until the collapselté German Democratic Republic,
various physicians, scientists, and professorsigndountry performed doping research
and administered AASs to thousands of male andl&athletes. Based on well-
documented observations and experiences of theteshiManfred Hoppner (cited in
Franke & Berendonk, 1997), the former deputy doreend sports medical physician,
concluded “The positive value of anabolic sterdatshe development of a top
performance is undoubted...[and] women have thatgseadvantage from treatments
with anabolic hormones with respect to their perfance in sports” (p.1264).

Heavy resistance training (without AASSs) also ressinl significant adaptive
responses, such as muscle hypertrophy and increasesscular strength (Hakkinen,
Pakarinen, Alén, Kauhanen, & Komi, 1988; Kraemeailgt1995). In the recent study by
Bhasin et al. (1996), men in the placebo plus gtretraining group demonstrated
significant increases in muscle strength and szeoapared to the placebo group with
no exercise. However, men who combine strengthitrgi(and balanced diets) with
AASSs experience increases in strength and muscés mzer and above those observed
from resistance training alone (e.g., American €yl of Sports Medicine, 1987; Bhasin
et al., 1996; Haupt & Rovere, 1984).

Physical health. A wide variety of detrimental effects of AASs haween
documented in the literature. Health risks rangenfthose that are minor and possibly
inconvenient (acne) to those that are potentialiiydl (liver tumours, cardiovascular
disease). Adverse side effects can be temporarparsist for the duration of AAS use,
last for a short duration after cessation of thegdor can be permanent (Blue &

Lombardo, 1999). The majority of side effects drersterm and reverse upon
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discontinuation of the drug (Blue & Lombardo, 1999)

Potential adverse effects of AASs can be diffeegatl into four major areas:
hepatic, cardiovascular, endocrine/reproductivd, @ychological/behavioural. The
negative side effects of AAS use depend on theaadesex of the individual, type of
AAS used, dosage, and duration of steroid use @®87). Psychological and
behavioural effects will be detailed more extenlgive a separate section.

AAS use has been associated with reversible eabdf liver enzymes and
cholestatic jaundice, as well as rare but potdptidé-threatening conditions such as
peliosis hepatis and liver tumours (Wilson, 1988jis is not surprising because the liver
is a target tissue for androgens and the prinaipalof steroid metabolism and clearance.
In an extensive review of the literature, Haupt aovere (1984) found that
approximately 50% of the athletes taking AASs digptl abnormal liver function tests.
Intensive weightlifting alone is also associatethvailterations in hepatic enzymes.
Nonetheless, Kutscher, Lund, & Perry (2002) arghetl AAS users are at greater risk of
abnormal liver function. Hepatoxicity is predomitigrassociated with the orally active
17 a-alkylated derivatives (Wilson, 1988).

It has been suggested that AAS use can incredsgad®rs associated with
atherosclerotic cardiovascular disease and sti®ke (& Lombardo, 1999). A significant
adverse effect that has been clearly establishalieisation of serum lipid levels.
Research studies have identified that AAS admatisin reduces high-density
lipoproteins (HDL) and elevates low-density lipowios (LDL) [e.g., Alén, Rahkila, &
Marniemi, 1985; Glazer, 1991]. In a review of titerature, Glazer (1991) reported that

AASs brought about profound suppression in serunh. KDels (52%) while
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significantly increasing LDL levels by 36%. Routleaglministration is an important
contributing factor, with the Ialkylated derivatives producing greater effectserum
lipid levels (Alén & Rahkila, 1988; Friedl, Hannalgnes, & Plymate, 1990).

AAS use might also induce changes in the struattitee heart, such as enlargement
and thickening of the left ventricular myocardiuBiue & Lombardo, 1999; Dickerman,
Schaller, Zachariah, & McConathy, 1997; Sullivararithez, Gennis, & Gallagher,
1998). However, Yeater, Reed, Ullrich, Morise & Ban (1996) failed to detect a
difference in left ventricular wall thickness beemeAAS-using and non-AAS using
strength trained athletes, specifically men whiedifweights more than 10 hours/week.

AASSs can also have dramatic effects on the endeeid reproductive systems. The
use of high doses of AASs results in decreasedlating concentrations of LH, FSH,
and SHBG via the negative feedback loop of the thgdamic-pituitary-gonadal axis
(Alen & Rahkila, 1988; Alén, Rahkila, Reinild, & ko, 1987). However, not all AASs
have the same effects on endogenous hormones @nodivetive functions. For example,
administration of testosterone esters has beewmiagst with immediate and temporary
supraphysiological levels of serum testosteroneemtihdiol (Alén & Rahkila, 1988;
Alén, Reinila, & Vihko, 1985). Nonetheless, manythetic steroids tend to decrease
serum testosterone levels, and have no effecttosded levels.

Women and children are particularly susceptiblthéovirilizing and toxic effects of
AASs (Franke & Berendonk, 1997; Wilson, 1988). Mdstzing effects are frequent
and pronounced in female athletes; some of whigleapto be permanent even when
drug use is stopped. AAS use can lead to deepeiitig voice, male pattern baldness,

acne, facial and body hair, shrinkage of the bsgast increase in libido, menstrual
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irregularities, and significantly elevated serustdsterone levels (Franke & Berendonk,
1997; Korkia, Lenehan, & McVeigh, 1996; Strausgdsatt, & Lanese, 1985). Synthetic
steroids also have a profound capacity to prommmature masculinization and
epiphyseal closure (resulting in short staturehiddren of both sexes (Franke &
Berendonk, 1997; Shahidi, 2001; Wilson 1988).

In normally virilized males, prolonged use of higid frequent doses of AASs can
also lead to hypogonadotropic hypogonadism, wisassociated with suppression of
spermatogenesis, testicular atrophy, and inferiiiutscher et al., 2002). Although
disruption of sperm production and testicular atsopppear to be reversible, several
studies have noted that spermatogenesis may remppressed for several months to a
year following cessation of the drugs (Alén, Re&in& Vihko, 1985; Jarow & Lipshultz,
1990). Feminization in men, such as developmeglonécomastia, is most common after
administration of aromatizable AASs (Alén, Reingayihko, 1985; Franke &
Berendonk, 1997). Other endocrine effects includeeaand oily skin, and male-pattern
baldness.

Research has also identified changes in the emadpsyistem with high-intensity
resistance training in men who do not use AASs. mhgrity of studies have
demonstrated acute increases in serum testosteoocentrations following a bout of
heavy resistance exercise training (Fahey, Rolptyridmee, Nagel, & Mortara, 1976;
Hakkinen & Pakarinen, 1995; Kraemer et al., 19®Bsting testosterone concentrations
may remain unaltered by resistance training (Krag®88). However, Arce, De Souza,
Pescatello, and Luciano (1993) noted lower redestpsterone levels in resistance-

trained athletes compared to sedentary controlskélia(1994) also described other
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physiological alterations related to regular ex@cincluding maintenance of bone
density, decreased triglycerides, increased higtsithecholesterol, and decreased levels
of bodyfat.

Some indirect problems are also associated with A% such as sharing of needles
or syringes. Individuals who use unsanitary infattiechniques put themselves at risk
for contracting infections such as hepatitis and/AIDS (Midgley et al., 2000).
Administration of injectable AASs has also beerpaigged with peripheral nerve
damage (Perry, 1994) and abscesses (Khankhaniammkeias, & Kowalski, 1992).

Psychological and behavioural effects. PSychological effects of AASs have been
less extensively studied than their anabolic prigeand health risks. Researchers have
typically relied on case reports and naturalisticl®s when drawing conclusions about
the psychological effects of AASs in strength aide Clinical studies in the treatment of
medical or psychiatric disorders, and laboratougligs with healthy male volunteers
have only evaluated single agents of AASs, at dosesh lower than those commonly
used by athletic steroid users. Ethical reasondymte execution of randomized
controlled studies with healthy volunteers usingetoand patterns of AAS
administration comparable to illicit AAS users. $lsiection will summarize the various
types of studies that have evaluated the psyctiefiécts of AASs.

Interestingly, during the 1930s to 1970s AASs wesed successfully to treat
clinical depression (Bahrke, Yesalis, & Wright, D99With the introduction of more
efficacious pharmacological treatments and eleotraalsive therapy, the use of AASs
rapidly lost favour as treatment of depressiverdists (Pope & Katz, 2003). A recent

study has examined the antidepressant effectsufsterone supplementation. Pope,
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Cohane, Kanayama, Siegel, & Hudson (2003) addedtasterone transdermal gel to the
existing antidepressant regimens of men with treatmesistant depression and low or
borderline serum testosterone levels. These mebitedhsignificantly greater
improvement in scores on the Hamilton DepressidinB&cale, particularly the
vegetative and affective subscales (Pope et &@3)20

Most clinical and laboratory studies have used @hlysiological or moderately
supraphysiological doses of AASs. Testosterongshte/e often been used for
therapeutic purposes, including male hypogonadmsyoung men and treatment of
muscle wasting associated with HIV/AIDS. Clinicadatment studies with hypogonadal
men and men with HIV infection have often showniaygments in energy, libido and
mood, with few, if any, reports of adverse psyaiicaffects (Grinspoon et al., 2000;
Rabkin et al., 2000; Wang et al., 1996). Similaldoratory studies that have
administered physiological to “moderately” supragibiogical doses (e.g., 25 mg to 300
mg/week) of AASs to healthy young men have alsawshminimal behavioural
alterations (Anderson, Bancroft, & Wu, 1992; Batiatéeiman, Matsumoto, Rivier, &
Bremner, 1994; Forbes, Porta, Herr, & Griggs, 199atsumoto, 1990). However, the
doses used in these studies are far lower thae tsed by most strength athletes.

In contrast to the subtle psychological effectedan clinical and laboratory studies,
naturalistic studies have often found prominenthgtric manifestations in individuals
taking supraphysiological levels of AASs (TrentorC&rrier, 2005). Case reports
suggest that AASs can produce a variety of psydhicd and behavioural disturbances,
such as irritability, hypomania, psychotic symptoaggression, violent behaviour, as

well as suicide (Annitto & Layman, 1980; Freinha*dvarez, 1985; Pope & Katz, 1987,
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1990; Thiblin & Parlklo, 2002; Thiblin, Runeson,Rajs, 1999).

Some investigators have assessed AAS users udieg siructured diagnostic
interviews and/or rating scales to assess moodgagign, and other variables. Non-AAS
using athletes have served as controls, and in sases, AAS users have served as their
own controls (comparing periods of steroid use withods of non-use). Bahrke, Wright,
Strauss & Catlin (1992) found no significant diaces on objective measures of mood
and aggression between current/former AAS usersiandsers. Nonetheless, both the
current and previous users described subjectiveases in enthusiasm, irritability and
aggression associated with AAS use. In anotheystlS-using weightlifters scored
higher on depression, hostility, and paranoid ideatubscales of the SCL-90 than non-
using weightlifters (Perry, Anderson & Yates, 1998t there was not an increased
incidence of major psychiatric disorders amongARS users. On the other hand, some
studies have found marked psychiatric manifestatiora few individuals. Irritability,
hypomania, manic episodes, and psychotic symptoens described during periods of
AAS use (Malone, Dimeff, Lombardo, & Sample, 1995pe & Katz, 1988, 1994),
although depressive symptoms have also been rep@ttpe & Katz, 1994). Major
depression and suicidal ideation have been asedaidth the discontinuation of AASs
(Malone et al., 1995; Pope & Katz, 1988).

Four placebo-controlled studies have investigatedosychological effects of
moderately supraphysiological doses of AASs inthgahale volunteers (Pope, Kouri,

& Hudson, 2000; Su et al., 1993; Tricker et al9@.9Yates, Perry, Macindoe, Holman,
& Ellingrod, 1999). Collectively, these studies sigal that most men exhibited minimal

alterations in mood and aggression. However, anfien displayed marked psychiatric
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symptoms. For example, 4.6% (5 of 109 men) exhdhgit®minent hypomanic or manic
symptoms during administration of high doses of AABope & Katz, 2003). In addition,
one individual developed marked depressive symptdfies discontinuation of AASs
(Su et al., 1993). This prevalence rate might uvestenate the ‘true’ prevalence of
hypomanic and manic symptoms among AAS users.

The most commonly cited psychiatric effect of AABsthletes is increased hostility
and aggressive behaviour. Anecdotal evidence stgjties megadoses of AASs might
result in highly aggressive behaviour and violendaich is defined as “roid rage”. The
validity of this claim is questionable; however,rasst of the evidence supporting this
behaviour is based on single case reports or etiwehl studies (Basaria et al., 2001).

It is widely believed that testosterone is an in@otr determinant of aggression.
Animal models provide strong evidence to suppatassertion that endogenous
testosterone levels directly mediate dominanceagytessive behaviour in male adult
animals (Bahrke et al., 1990). In addition, expedorexogenous testosterone increases
aggressive behaviour in rodents (e.g., Farrell &hnis, 2003; Lumia, Thorner, &
McGinnis, 1994; Melloni, Connor, Hang, Harrison R&rris, 1997). Conclusions drawn
from animal studies should be applied cautiouslyumans.

The effects of androgens on human aggression hataeen firmly established
(Archer, 1991). Some evidence suggests that testost may play a role in expression
of aggressive behaviours. For one, there are skadifferences in steroid hormone
levels and aggressive behaviour in humans. Thesdiferences appear at an early age,
with boys more likely to engage in rough-and-tundbey than girls (Hines, 1982).

Males are also involved in more delinquent acts\aaként crimes than females. Some
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studies have found a positive relationship betwesetogenous testosterone levels and
aggressive behaviour in boys and men (Archer, 1@8tistiansen & Knussman, 1987a;
Gladue, 1991; Olweus, Mattsson, Schalling, & Lo@8Q@). However, this relationship
has not been consistently shown (Archer, Birring/M&, 1998). The expression of
aggressive behaviour is likely related to not dmdymonal influences, but also
environmental factors, such as socialization aathiag (Gladue, 1991).

Cross-sectional studies have examined hostilityaggtessive behaviour using
standardized rating scales in athletes using ANBsy researchers have found
significantly higher levels of self-rated hostiléynd aggression in athletes while using
AASs (e.g., Choi & Pope, 1994; Choi, Parrot, & Cawh990; Lefavi, Reeve, &
Newland, 1990; Moss, Panazak, & Tarter, 1992; Ra@looi, Davies, 1994; Yates,
Perry, & Murray, 1992). Based on these findingsnsoesearchers have proposed a
causal relationship between AAS use and aggresdimnever, Sharp and Collins (1998)
argue that psychosocial factors, such as expectamagelling, and subculture values,
might also have an influence on aggressive behaviou

Research on aggression and AASs has typically éztos the negative aspects of
aggression. Nonetheless, an aggressive attituggued in many strength sports, such as
football, powerlifting, and wrestling (Yesalis, 2D0 Increased feelings of aggressiveness
may facilitate the performance of more frequentrg sessions, and thus result in
greater gains in athletic performance.

Very few studies have investigated personality atigristics among male athletes
using AASs. Cooper, Noakes, Dunne, Lambert & Rach{@996) examined the effects

of AAS use on personality traits in male bodybuitdé’ersonality traits of users before
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the onset of AAS use, as assessed retrospectietg, not significantly different from
those of the control group. Nonetheless, AAS udemsonstrated more abnormal
personality traits, such as antisocial and nastissiduring AAS use compared to the
control group (Cooper et al., 1996).

Yates, Perry, & Andersen (1990) evaluated perstyn@isorders in a group of AAS-
using weightlifters and compared them to threer@bigroups (weightlifters not using
AASSs, alcoholics, and non-weightlifting communityntrols). AAS users demonstrated
an increased risk of personality psychopathologih particular elevation of Cluster B
personality traits, compared with community corgr@imilar to the alcoholic group,
AAS users (45%) also demonstrated significant ani#d personality traits. Of note,
weightlifter controls also had higher rates of @u® traits than community controls.
Yates et al. (1990) noted that weightlifter groupmership partially explained the
increased prevalence of Cluster B traits among AS&ss.

Researchers have also focused on AAS dependenceittiddawal symptoms. A
recent review of the literature documented 165<a$@AS dependence among
dedicated weightlifters and bodybuilders who chealty took supraphysiological doses
of AASs (Brower, 2002). Brower (2002) proposed a-stage model of AAS
dependence. In stage one, high-dose AASs are aséukeir muscle-building properties,
in conjunction with intensive weight training andd diet regimes, to improve body
image or enhance athletic performance (Brower, R00% AAS user often becomes
preoccupied with their goal-directed activities (g training, diet, and AAS use),
which may take on a compulsive quality. At thiggetathe primary reinforcing actions of

AASs are derived from their muscle-building effe@sme AAS users may reach stage
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two dependence. Chronic megadoses of AASs arevbdli® activate brain reward
systems, similar to other drugs of abuse (Brow@d22. During the second stage, steroid
users are likely administering AASs not only foeitthmuscle-building effects but also for
their psychoactive effects (to avoid withdrawal gyoms).

Some athletes have experienced withdrawal symptgos discontinuation of
AASs. The withdrawal syndrome is primarily depreesn nature and includes
symptoms of fatigue, insomnia, restlessness, degdasnood, anorexia, decreased libido,
and a desire (craving) to take more AASs (Brow802). Although withdrawal
symptoms may only last for a few weeks, some imlligls may experience severe and
persistent depression with suicidal thoughts (Malenal., 1995). Withdrawal symptoms
might be due to psychological dependence. Howelsgmessed mood might also stem
from the rapid decrease in muscular size and sindngm discontinuation of AASs.
Physiological alterations in hormone levels are &ikely to contribute to and exacerbate
withdrawal symptoms.

Although there are contradictory findings in thtedature, there is convincing data to
suggest that AASs can produce profound psycholbgitébehavioural disturbances in
some individuals who take these substances (Padgat®, 2003). It appears that
psychological effects are dose-related. A recentrotied naturalistic study investigated
the psychological effects of AAS abuse patterratietes (Pagonis, Angelopoulos,
Koukoulis, & Hadjichristodoulou, 2006). They redrd a substantial group of AAS-
using athletes (160 current users) and controlu§®&@s administering placebo drugs, 80
athletes who were not using any substances), amdotled for the effects of weight

training and diet regimens. On the Symptom CheicRIlsand the Hostility and Direction
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of Hostility Questionnaire, AAS users reported #gigantly higher levels of hostility and
psychopathological symptoms during their cycle,levttie scores for the control groups
remained stable over time. Of note, stratificatbathletes according to severity of
abuse showed that hostility and psychological sitects increased as the abuse
progressed from light into heavier consumptiongrat (Pagonis et al., 2006). Although
the AAS users exhibited elevated levels of psyohiokd symptoms as compared to non-
using athletes, a structured diagnostic interviewalet have helped clarify the nature and
severity of their symptoms.

In summary, based on findings from clinical, lalborg and naturalistic studies,
physiological or moderately high dosages of AAS30(Bg or less/week) rarely produce
psychological symptoms. However, individuals whicetanuch larger doses of AASs
(900 mg or more/week) are more likely to exhibggsatric manifestations, such as
manic episodes, clinical depression and even psigceiymptoms (Pope & Katz, 2003).
There is also evidence to support that AAS depereland withdrawal symptoms may
develop among strength athletes who chronicallyiadter supraphysiological dosages
of AASs (Brower, 2002).

Popular belief is that exercise and physical atgtiptomotes positive mental health
in individuals who do not use AAS. Anecdotally, ividuals often report that they “feel
better” following exercise. There is evidence sufipg the beneficial effects of regular
physical activity on psychological and mental Heékrent, Landers, & Etnier, 2000;
Stephens, 1988). In a cross-sectional populatigedatudy, increases in physical
activity were associated with positive mental Headis measured by the absence of

anxiety and depressive symptoms, positive moodganéral psychological well-being



31

(Stephens, 1988). Paffenbarger, Lee, and Leungdjf®8nd an inverse relation between
physical activity and the risk of depression. Pbgtly active men were less likely to
develop clinical depression, with the lowest risitad in the most active group (28%), as
compared to their inactive peers.

Short bouts of physical activity are associatedh\pibsitive psychological benefits,
such as a sensation of well being or euphoriayaddctions in state anxiety (Petruzzello,
Landers, Hatfield, Kubitz, & Salazar, 1991; RaglitMorgan, 1987). Anxiolytic effects
occur in the immediate post-exercise period, ang peasist for 1 to 2 hours following
vigorous aerobic activity (Raglin & Morgan, 1980hronic exercise programs are also
associated with improvements in trait anxiety (&=tello et al., 1991).

Most of the literature has focused on the benefierobic exercise on overall
mental health and affect. In comparison, therepaucity of research regarding the
effects of anaerobic exercise (strength or resigtéraining) on psychological states.
Acute bouts of resistance training have not beenddo be associated with reductions in
‘state’ anxiety, and in some cases, resulted imagiens in anxiety immediately post-
exercise (Koltyn, Raglin, O’Connor, & Morgan, 19%etruzzello et al., 1991; Raglin,
Turner, & Eksten, 1993). However, the limited ount&ostudies on resistance training and
mental health are plagued with methodological pwid, such as different operational
definitions of psychological states and poor cdntfdraining variables. A recent study
examined the effects of three different resistanaing intensities (40%, 70% and
100% of 10-repetition maximum) on positive and riegamoods, and anxiety (Arent,
Landers, Matt, & Etnier, 2005). A curvilinear dosssponse relationship between

intensity of resistance training and post-exeraf$ective change was identified, with
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moderate intensity training (70%) producing theaggst overall improvements in affect
and anxiety.

Although habitual physical activity is often assded with positive psychological
mental health, exercise can be potentially harnvhén it becomes excessive and
uncontrollable. Exercise dependence is a cravingligsical activity that results in
compulsive exercise behaviour and manifests iniplogical (tolerance, withdrawal)
and/or psychological symptoms (depression, anx[etgusenblas & Symons Downs,
2002a]. A sudden deprivation of chronic physicaivity can also lead to sleep
disturbances, fatigue, and negative mood stateb, &siirritability, anxiety, and
depression (Hausenblas & Symons Downs, 2002a) arde's have often found a
positive relationship between exercise dependendeartain personality characteristics,
such as perfectionism (Hausenblas & Symons Dowd2@ and obsessive-
compulsiveness (Spano, 2001). Hausenblas and Gie{204) recently examined the
relationship between normal personality charadtesignd exercise dependence
symptoms. Both extraversion and neuroticism westpely correlated and
agreeableness was negatively correlated, with seedependence (Hausenblas &
Giacobbi, 2004).

In summary, although psychological and behavioeiffacts might be associated
with AAS use, weightlifting may also contributedbanges in mood and personality
(Bahrke & Yesalis, 1994). Dedicated weightliftemattexhibit exercise dependence are
likely to develop persistent psychological and abproblems. Psychological changes
associated with AAS use might be due in whole grart to the compulsive nature of

weight training (Bahrke and Yesalis, 1994). In éiddi, psychological disturbances
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might be due to a synergistic effect between AASSweightlifting.

Body image and eating behaviours. The research literature on eating disorders and
body image has historically focused on women. [gadisorders, such as anorexia
nervosa and bulimia nervosa (American Psychiatsso&iation, 1994), as well as body
image disturbances (Garner, 1997), are more pnetvaieong female adolescents and
adults. Researchers have identified a positiveiogiship between body dissatisfaction
and disordered eating in females (e.g., Cash & [2e4§97; Cooley & Toray, 2001;
Killen et al., 1996). The literature also suggestsncreased risk of disordered eating
attitudes and behaviour among female athletescpkatly those involved in sports that
emphasize leanness and/or aesthetics (Hausent@asr&n, 1999; Sundgot-Borgen,
1994).

Considerably less is known about body image anardésed eating in men.
However, a growing body of literature has describedy image dissatisfaction and
disordered eating in male adolescents and adulidy Bnage is one component of self-
esteem, which is defined as one’s subjective pémepand attitudes about his or her
body and physical appearance. Body image is adimkinsional concept involving
perceptual, affective, cognitive, behavioural, aotljective evaluation processes
(Thompson, 2004). In contemporary Western socigtiesaesthetic idealized body for
males is a mesomorphic (lean, muscular) physique.

Body image concerns in males appear to be linkéal tiveir desire to attain the
mesomorphic ideal body type (McCreary & Sasse, 20Mdrison, Morrison, Hopkins,
& Rowan, 2004). Pope, Gruber and colleagues (2f220)d that men would like an ideal

body that is 13 kg more muscular than their curbenty. The literature suggests that
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male’s perceptions of their current level of muscity are related to their psychological
well-being (McCreary & Sasse 2000; Olivardia, Pdperowiecki, & Cohane, 2004).
Thus, the greater the difference between the aanlideal body type, the greater the
likelihood of body image disturbances. Large scalevey studies have revealed that the
prevalence of body image dissatisfaction has isg@aearly threefold in males from
1972 (15%) to 1996 (43%) [Berscheid, Walster, & Baitedt, 1973; Garner, 1997].

The research literature has demonstrated confli¢iimdings regarding levels of
body image dissatisfaction and eating disordersngnmeale athletes. Based on the results
of a recent meta-analysis, Hausenblas & Symons B¢2001) found that male athletes
have a more positive body image compared to ndeta) although the magnitude of
this effect was smalEHS= 0.31). In another meta-analytic study, maleedéd in
aesthetic and weight-dependent sports (e.g., divingstling) reported more bulimic and
drive for thinness symptomatology compared to nihietes (Hausenblas & Carron,
1999). Of note, these studies did not evaluate lmdge in bodybuilders and
weightlifters.

Bodybuilding, in particular, espouses the mesomiorpbciocultural ideal body type
for men. To develop a muscular and lean physigbedgbuilder engages in intensive
weight training and often follows a strict diethogh protein and low carbohydrates to
develop the ‘ripped’ look. Competitive male bodyars frequently experience one or
more large weight gain and loss cycles per yeaigiwbften includes dietary restrictions,
use of weight loss substances (e.g., diuretichahsupplements), and preoccupation
with food and their physique [Andersen, Bartletiglan, & Brownell, 1995].

Approximately 30 to 50% reported feelings of irpiléy, fatigue, anxiety, depression,
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and anger in the week prior to competition (Anderseal., 1995).

Bodybuilders walk a very fine line between safe pathogenic attitudes and weight
control behaviours. A bodybuilder’s drive to deyebleaner and hypermesomorphic
physique might foster increased preoccupation aitidism of one’s physical
appearance, possibly leading to body dissatisfai abnormal eating patterns. Some
individuals may not recover from the temporary digoed attitudes and eating practices
associated with competitive bodybuilding, and ttegelop long-lasting body image
disturbances and eating disorders (Andersen €t345).

Blouin and Goldfield (1995) examined the relatidpgbetween body image, and
eating-related attitudes and behaviours among bwdgbuilders as compared to runners
and martial artists. Bodybuilders showed greatelybmage dissatisfaction, with a
higher drive for muscle bulk and thinness relativéhe other athletes. There was also
evidence of abnormal eating practices (bulimic &mikes), and elevated feelings of
ineffectiveness and perfectionism among the bodgérs (Blouin & Goldfield, 1995).
Forty-four percent of men in the bodybuilding graeported using AASs; and these men
reported greater drive for bulk and bulimic tendes¢han the non-AAS using
weightlifters. Disordered eating attitudes and lvéhas are associated with AAS use
among bodybuilders (Blouin & Goldfield, 1995; BrawBlow, & Hill, 1994).

Pope, Katz, and Hudson (1993) described a “revarseexia nervosa” syndrome in
men, where the affected individual believes thaytare physically small even though
they are highly muscular. This belief was assodiatgh many abnormal behaviours and
cognitions, such as compulsive exercising, dietamgl profound distress about having

their bodies seen in public (Pope et al., 1993yeRee anorexia nervosa was found
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exclusively among AAS users (Pope & Katz, 1994;dPeipal., 1993). This term was
recently changed to “muscle dysmorphia”, a subtyfdeody dysmorphic disorder, as
affected individuals develop pathological preocdigues with their muscularity (Pope,
Gruber, Choi, Olivardia, & Phillips, 1997). Male igbtlifters with muscle dysmorphia
differed significantly from nonclinical compariseveightlifters in terms of body
dissatisfaction, eating attitudes, prevalence oSAKe and lifetime prevalence of mood,
anxiety and eating disorders, with nonclinical weliffers demonstrating little pathology
(Choli, Pope, & Olivardia, 2002; Olivardia, PopeH&dson, 2000). Interestingly, elite-
level bodybuilders also reported more body imagsatisfaction, greater dietary
manipulation, and greater use of muscle-enhanceibgtances in comparison to elite-
level powerlifters (Lantz, Rhea, & Cornelius, 2002)

The research literature suggests that many bodidrgimay not exhibit elevated
levels of psychopathology. However, a subgroupaafybuilders may be at great risk for
developing body image disturbances and associatlpgical behaviour.

Cognitive effects. Research on the cognitive functioning in athletes wse high
doses of exogenous testosterone and/or synthetaids is lacking. Based on a previous
placebo-controlled study group (Su et al., 1993)lyland colleagues (2003) further
investigated the neuroendocrine and behaviouratesffof AAS administration. Male
volunteers receiving moderately high doses of niaghipsterone (240 mg/day) reported
increased distractibility and forgetfulness. Thgritve cluster (distractibility,
forgetfulness) correlated significantly with chaage endogenous testosterone levels (
.52,p=.02). Daly et al. (2003) indicated that they dat observe any systematic effects

of methyltestosterone on objective measures ofitognHowever, it is uncertain what
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cognitive measures were administered as this irdan was not published.

In a meta-analysis examining the relationship betwghysical activity and
cognitive functioning, Etnier and colleagues (19f1)nd that exercise has a small
overall positive effect on cognitiog £ 0.25). Involvement in physical activity for anig
period of time has a greater impact on cognitiveefioning than an acute bout of
exercise@ = 0.33,g = 0.16), respectively. Etnier and colleagues () @9@posed various
mechanisms to explain the beneficial effects ofgtgl exercise on cognitive abilities.
Investigators have found links between cerebrabdbliitow and moderate to high
physical exercise. Thus, enhanced cognitive pedoga might be related to an increase
in essential nutrients to the brain, such as geie@r&l oxygen (Etnier et al., 1997). Acute
and chronic physical activity may also have aruefice on brain neurotransmitter levels,
such as norepinephrine, serotonin, and endorpEimsef et al., 1997). Another theory is
that physical exercise may result in permanentsiral changes in the brain, as
illustrated in some animal studies (e.g., Blac&ats, Anderson, Alcantara, &
Greenough, 1990).
Sex-Related Differences in Cognition

The topic of sex-related differences in cogniti@s Intrigued researchers for
centuries, and has engendered heated debates amentsts, philosophers, and the
public. Many assume that the study of cognitive diéerences will be inherently
harmful to women because the data will demonsthatefemales are inferior to males
(Halpern & Ikier, 2002). However, this fear is unvemted and has not been supported
by the research literature. For some cognitivetadsithere are (on average) sex
differences between men and women, while for atbdities there are no sex differences

(Halpern & Ikier, 2002). The cognitive sex diffeoces sometimes favour women and
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other times favour men, depending on the specifgnitive ability being evaluated
(Halpern & Ikier, 2002).

The nature (biological influences) versus nurt@mv{ronmental influences)
argument is central to the study of sex differenédthough most researchers and
clinicians recognize that both heredity and envimental factors contribute to our
behaviour, research often does not take into addbercomplex interplay between
biological, psychological, and social determinasftbehavioural differences.

In the research literature, sex differences refavierage differences between men
and women. As there is great variability in cogrtperformance within the sexes,
performance on cognitive tasks overlaps to a ldeggee between men and women
(Halpern, 2000). Although the sex difference litara has been plagued by inconsistent
findings and contradictory theories, there are soeakand stable differences between
males and females (Halpern & LaMay, 2000). Menaeerage, outperform women on
certain aspects of spatial ability and mathemapecablem solving, whereas women
excel on certain language-based tasks, percegieatisand memory for object locations
(e.g., Collaer & Nelson, 2002; Halpern & LaMay, PO&imura, 1999; Voyer, Voyer, &
Bryden, 1995).

Many researchers assert that there are no clipisghificant sex differences on
measures of intelligence, such as the Wechsleescdlintelligence and Raven’'s
Progressive Matrices (Colom, Juan-Espinosa, Aba@agcia, 2000; Court, 1983;
Halpern & LaMay, 2000; Mackintosh, 1996). Sex diffieces are of small or negligible
magnitude on measures of general intellectualtgbNionetheless, Lynn (1994) has

challenged the widely held opinion that there aresex differences in general
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intelligence, demonstrating an adult male advantdgg@proximately 4 1Q points. It is
important to note that standardized intelligenststevere constructed to ensure that there
was no significant overall difference between maled females (Halpern & LaMay,
2000).

Longman, Saklofske and Fung (2007) examined séardiices on the United States
and Canadian standardization samples of the Weachdldt Intelligence Scale-Third
Edition (WAIS-III). Results indicated that malessed higher than females by 2.4 to 4
points on Verbal 1Q (VIQ), 0.5 to 1 point on Perfance 1Q (PIQ), and 1.7 to 2.8 points
on Full-Scale 1Q, with smaller and nonsignificaex ffects for the Canadian normative
sample. However, a significant female advantageisedified for the Processing Speed
Index [d = .19 (Canadian sample)= .31 (U.S. sample)]. Although sex differences are
small on standard measures of overall intelligeseg,differences are more notable on a
few subtests of the WAIS-IIl. Medium to high effesttes were noted on three subtests;
women scored higher on the Digit Symbol-Coding ssb&nd men scored higher on both
Information and Arithmetic (Kaufman & Lichtenberg@006; van der Sluis et al., 2006).

Although researchers suggest negligible differemeg®neral intelligence between
men and women, sex differences are well documentsdme of the cognitive domains
that underlie intelligence measures. Women and dispiay different cognitive
strengths, and thus different patterns of abikin{ura, 2002). A brief summary of
commonly reported sex differences in spatial abgitverbal abilities, and
perceptual/motor speed will follow, as well as eerd documented difference in working
memory.

Visual-spatial abilities. Most studies have identified a male advantagesuoal-
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spatial abilities. Linn and Petersen (1985) coneldiet meta-analysis of spatial abilities,
and found that sex differences vary in magnitudeedding on the type of spatial ability
assessed. Significant sex differences were idedtdin tasks of mental rotatiog € 0.73)
and spatial perceptiog € 0.44); however, sex differences failed to resignificance for
spatial visualizationg = 0.13). Linn and Peterson (1985) defined memtition as the
ability to quickly visualize two- or three-dimensal figures that have to be rotated or
manipulated mentally in space. Spatial perceptias defined as the ability to determine
spatial relations while ignoring distracting infaation. Lastly, Linn & Peterson (1985)
defined spatial visualization as the ability to npaate complex spatial information
when several stages are required to produce theot@olution.

A more recent meta-analysis found a significantraeex difference favouring
males in spatial abilitiegl(= 0.37) [Voyer et al., 1995]. However, effect sizesied
considerably from test to test, likely due to measuapping different spatial abilities.
Certain spatial tasks were found to produce robestdifferences (Mental Rotations
Test,d = 0.67), whereas others did not show a signifiedietict (Paper Foldingl =
0.12). Procedural factors also had an influenceftect sizes for particular tasks. For
example, the magnitude of the sex difference gelawhen the Mental Rotations Test is
scored out of 20d(= 0.94) than when it scored out of 4D50.70). Voyer et al. (1995)
suggested that giving credit for each correct ah@iccorrect items on 20 trials) allows
guessing to have a greater influence on the ficales

Mental rotations, specifically the three-dimensioviandenberg & Kuse version
(1978) yields the largest and most consistent géxehce [Linn & Petersen, 1985;

Peters et al., 1995; Voyer et al., 1995]. Silverraad colleagues (2007) recently
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demonstrated the universality of sex differenceth@emental rotation task; men scored
significantly higher than women across multiple minies and ethnic groupd € 0.48).

Verbal abilities. The research literature has often supported thertien that
females, on average, possess better verbal abiliteen males. Sex differences in verbal
skills are among the first to appear developmen{&lblpern, 2000). Speech and
language skills appear to mature more rapidly its giFor example, girls on average
articulate earlier, produce longer mean utteramoelsdevelop larger vocabularies than
boys (e.g., Bornstein, Hahn, & Haynes, 2004; Lutapa) Baron-Cohen, & Raggatt,
2002). Furthermore, boys demonstrate a higher feea of stuttering, developmental
language disorders, and reading disabilities thds @\PA, 1994).

Although adult women are thought to have bettebakabilities than men, sex
differences vary with the type of ability being @ssed. For example, there are no
substantial sex differences in vocabulary (Hydeidnl.1988; van der Sluis et al., 2006).
The research literature is equivocal concernintpaleffuency abilities, which is the
production of words, phrases, or sentences acaptdinertain rules within a specified
time limit. Some studies have found little evidefmesex differences on phonemic and
semantic tasks (e.g., Brickman et al., 2005; Torghalozak, & Rees, 1999; Yeudall,
Fromm, Reddon, & Stefanyk, 1986), whereas otheve heported a female advantage on
these tasks. Sex differences favouring femalesragdl to moderate on letter fluenay (
=0.15t0 0.59) [e.g., Barr, 2003; Herlitz, Airaksn, & Nordstrom, 1999; Rahman,
Abrahams, & Wilson, 2003] and moderate to largeategory fluencyd = 0.5 to 1.12)
[Acevedo et al., 2000; Rahman et al., 2003]. A néstudy reported a large effect side (

= 1.05) favouring heterosexual females on a synoggneration task (Rahman et al.,
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2003). Verbal fluency tasks involve rapid retriegverbal information from long-term
memory (Halpern & Tan, 2001).

Researchers have also identified sex differencgsrinal memory abilities, with
women obtaining higher scores on many episodic mgtasks. It has been shown that
adult women often outperform men on recall indicgkst learning tasks, such as the
Auditory Verbal Learning Test and California Verlaarning Test (e.g., Bleecker,
Bolla-Wilson, Agnew, & Meyers, 1988; Gale, Baxt€gnnor, Herring, & Comer, 2007;
Geffen, Moar, O’Hanlon, Clark, & Geffen, 1990; KramDelis, & Daniel, 1988; Van
der Elst, van Boxtel, van Breukelen, & Jolles, 20@&lult women were also more likely
to use a semantic organizational strategy duringlkeHowever, no sex differences were
identified on the recognition task (Kramer et 4888). List-learning memory tests have
shown the largest effect sizes favouring fematles .58 to 0.97) [Chipman & Kimura,
1999]. Kramer and his colleagues (1997) identifleat sex differences on a verbal
learning task were evident from age five. On soesearch studies, women have also
outperformed men on story recall tasks (Hultschsdda, & Small, 1991; Zelinski,
Gilweski, & Schaie, 1993).

Speeded perceptual and motor skills. Reliable sex differences have also been found
on tasks requiring perceptual speed and accuracyeh as some perceptual-motor tasks.
Females typically outperform males on tasks thaiire rapid matching, symbol-digit
substitution tasks, and clerical speed (Barr, 2008gge, 1967; Snow & Weinstock,
1990; van der Sluis et al., 2006). Similar to thAIB4111, females scored significantly
higher on the processing speed index of the Wodddohnson (WJ-I1l) cognitive

battery, with the largest difference in the adodedésampled = .55) [Camarata &
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Woodcock, 2006]. A female advantage has also baamdfon tasks of fine-motor
dexterity, such as Grooved Pegboard (Bornstein5;1B8/den & Roy, 2005; Ruff &
Parker, 1993; Schmidt, Oliveira, Rocha, & Abreulah, 2000).

Working memory. Duff and Hampson (2001) investigated whether tlageesex-
related differences in working memory in adult hasar his study identified significant
sex differences in favour of females on a noveltitmial spatial working memory task
(similar to the game Memory) and a verbal workingnmory task (digit ordering).
Females made fewer working memory errors than mafitls medium effect sizes for the
spatial taskd = 0.63 to 0.76) and the verbal task=0.59). Duff and Hampson (2001)
noted that the sex difference in working memory waisaccounted for by differences in
general intellectual ability, perceptual speeceraton, incidental memory, or speed of
verbal access. These research findings suggestdireg prefrontal functions might be
sexually differentiated in adults (Duff & Hamps@01).

Mechanisms underlying the observed cognitive sgrénces are poorly
understood. However, several researchers have stiegg#at cognitive abilities are the
combined product of biological and psychosociatdes: Biological explanations have
typically focused on neuroanatomical and hormoaeagldifferences (Kramer et al., 1997).
Much of the recent research literature has focaseithe role of organizational and
activational effects of steroid hormones on cogaiperformance (Collaer & Hines,
1995).

Endogenous Steroid Hormones, Brain, and Behaviour
Animal research has established that steroid hoesiare responsible for the sexual

differentiation of both the structure and functmfrthe brain via two related processes,
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organizational and activational effects (Arnold &eBdlove, 1985; Phoenix, Goy, Gerall,
& Young, 1959). Steroid hormones promote growth imadice permanent structural and
chemical changes during critical periods of preindgaelopment (Nyborg, 1994;
Phoenix et al., 1959). Once the critical period passed, steroid hormones cannot exert
permanent effects (Arnold & Breedlove, 1985). Theggnizational effects shape the
brain in male or female directions, and supportetgression of sexually differentiated
behaviours (Arnold & Breedlove, 1985; Nyborg, 199%4gtivational effects of steroid
hormones occur during adulthood and involve trarisikeversible actions in previously
established steroid-responsive neural circuitss&reorganization of neural pathways is
not expected to occur with daily fluctuations iarsid hormone levels (Arnold &
Breedlove, 1985). However, circulating androgert @strogens have been shown to
modulate sexually differentiated neural pathways famctions.

Organizational influences. Males and females differ in their prenatal exposare
steroid hormones, and sex differences arise intlras a function of steroid hormones
secreted by the gonads (Breedlove, 1992). Durieritiaal period of brain development,
the presence or absence of testosterone induceal skferentiation of the brain and
behaviour. The classic model of gonadal hormonectsfproposes that exposure to
testosterone and its metabolites in utero actsascalinize and defeminize the body and
the brain, resulting in development of male-typioahaviours (Woodson & Gorski,
1999). If androgens are absent, it results in femimorphology and development of
female-typical characteristics (Arnold & Breedlo€85).

The underlying mechanisms of how steroid hormoresmathe developing brain to

produce sex differences in neuronal organizatiemat fully understood (Arai, 1999). It
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has been suggested that testosterone acts divextydrogen receptors to organize
neural pathways during early development (Phoeinat.£1959). Nonetheless,
testosterone might also play a significant rolsemual differentiation of the brain
through its aromatization to estradiol and consatjaetivation of estrogen receptors
(Cooke, Hegstrom, Villeneuve, & Breedlove, 1998).

Animal studies and studies conducted in humans latimone abnormalities
suggest that early exposure to steroid hormongs l@ritical role in brain organization
and sexually differentiated cognitive functionse®atal hormone manipulation in
animals has demonstrated hormonal effects on dgxdiatorphic cognitive abilities.

Isgor and Sengelaub (1998) investigated prenathbgen and estrogen exposure on
spatial learning in adult rats. Results indicatest prenatal steroids had significant
effects on water maze performance. Specificallysaated male rats performed better
than male rats prenatally-treated with flutamide gadrogen receptor blocker), while
female rats treated prenatally with estradiol bate@r androgens (testosterone
propionate or dihydrotestosterone propionate) peréal better than untreated female rats
(Isgor & Sengelaub, 1998). A recent study examihednfluence of prenatal hormone
manipulations on visual-spatial memory, as assdsgdide radial arm maze, in adulthood
(Lund & Lephart, 2001). Results suggested thatatispatial memory was inhibited in
the flutamide-treated male rats and enhanced itetesterone-treated female rats.
Female rodents and nonhuman primates exposedtdevigls of androgens prenatally or
neonatally also showed increases in male-typidahbieurs, such as rough play and

mounting (e.g., Goy, Bercovitch, & McBrair, 1988;jl\dms & Meck, 1991).
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Hormone manipulation studies are not possible mdms because of ethical
considerations. However, a natural model for exargihormone influences on
neurobehavioural development has come from studpighgiduals who were exposed to
atypical hormone environments in utero. The mostelling evidence for prenatal
hormonal influences on human behaviour comes fiemmafes with congenital adrenal
hyperplasia (CAH) [Kimura, 2002]. Due to an enzyimdefect, females with CAH (an
autosomal recessive genetic disorder) produce highe normal levels of adrenal
androgens early in gestation. The overproducticanofogens leads to variable degrees
of masculinization of the external genitalia attbifCollaer & Hines, 1995). Behavioural
studies also suggest that females with CAH exiniloite male-typical behaviours as
compared to control females, such as a preferendsofys’ toys and activities
(Berenbaum, 1999; Berenbaum & Snyder, 1995).

Research on cognitive abilities in females with Cl&$ produced inconsistent
findings. Some studies have found that girls wikHJperform better than unaffected
community or sibling controls on some visuospataaks (Hampson, Rovet, & Altmann,
1998; Hines et al., 2003; Resnick, Berenbaum, Goism, & Bouchard, 1986), while
other studies have found no differences (HelleBayifai, Ritzen, & Forsman, 1994;
Hines et al., 2003; McGuire, Ryan, & Omenn, 1975hpaired performance (Helleday
et al., 1994). Hampson et al. (1998) found a dodldsociation among cognitive
abilities; girls with CAH performed significantlyeltter on a spatial relations task than
unaffected female siblings, but scored significafdgiver on a perceptual speed test.

Nonetheless, most studies have typically foundifferdnces on female-typical skills,
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such as verbal fluency and perceptual speed (Hslletlal., 1994; McGuire et al., 1975;
Resnick et al., 1986).

Further evidence that androgens might influencenitivg development comes from
clinical studies investigating individuals with agiathic hypogonadotropic
hypogonadism (IHH). Congenital IHH is marked bymased activity of the testes
during early postnatal development, resulting complete virilization and low levels of
androgens. Hier and Crowley (1982) found that mih iH had reduced visuospatial
ability as compared to unaffected community costrsl addition, androgen replacement
therapy in adulthood did not improve spatial perfance in men with IHH (Hier &
Crowley, 1982).

Studies have also provided convergent evidenca felationship between prenatal
testosterone levels and cognitive functions in rarchildren. Grimshaw, Bryden, and
Finegan (1995) examined the relationship betweengial testosterone levels in second
trimester amniotic fluid and cerebral lateralizatia 10-year old children. Girls with
higher prenatal testosterone levels demonstratedgsr left-nemisphere specialization
for language, suggesting a male-typical patterceoébral lateralization. In another
study, second-trimester prenatal testosterone otrat®ns were related to mental
rotation performance at seven years of age (GrimsBdarenios, & Finegan, 1995). A
significant positive correlatiorr € 0.67) was found between prenatal testosteromdsle
and performance on the mental rotation task irsgirl

Research with normal healthy twins also provides@wortunity to investigate
prenatal effects of androgens on brain and behayi@ohen-Bendahan, Buitelaar, Van

Goozen, & Cohen-Kettanis, 2004). Animal researchdiewn that exposure to
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androgens in utero is influenced by the intrauteposition of the fetus and the litter sex-
ratio, which can affect adult spatial performarfea. example, a female fetus positioned
between two males has higher concentrations ajsesbne than a female situated
between two females (vom Saal, 1989). Studies Abeeshown that female animals
born into male-biased litters performed better patial tasks than those born into
predominantly female litters (Galea, Ossenkopp,a&#&iers, 1994; Williams & Meck,
1991). A recent study by Cohen-Bendaham and h&agples (2004) investigated the
potential effect of prenatal exposure to testoster@nd functional cerebral organization
in same-sex and opposite-sex twin girls. Oppostetwin girls demonstrated a more
masculine pattern of functional cerebral latergiag as reflected by right-ear
superiority for processing verbal-auditory stimi@ohen-Bendaham et al., 2004).

Prenatal hormone manipulation studies with aninaaig, studies conducted with
humans with abnormal and normal prenatal levetesibsterone, has provided evidence
to support the organizational effects of steroichimmnes on sexually differentiated
cognitive functions. Activational effects have alsgen shown to influence cognition
during adulthood.

Activational influences. Accumulating evidence suggests that adult steroid
hormones might also modify cognitive patterns. Redeers have had to rely on natural
hormonal fluctuations to study the activationaket of steroid hormones. The
menstrual cycle provides a natural paradigm fotyghg the activational effects of
naturally occurring variations in steroid hormoidampson, 1995). Researchers have
found that sex-related cognitive abilities fluceiat a cyclical fashion during phases of

the menstrual cycle. Enhanced performance on éésexbal fluency, speeded
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articulation and manual skills were noted during tmdluteal phase (high levels of
estrogen and progesterone) than at menses (lovs lefvestrogen and progesterone)
[Hampson, 1990a, 1990b; Hampson & Kimura, 1988;df@nn, Slabbekoorn, van
Goozen, Cohen-Kettenis, & Gunturkin, 2000]. In castt women obtained lower scores
on spatial tasks during the midluteal phase, radaty performance during menstrual
phase of the cycle.

Diurnal and seasonal variations in serum testoséeconcentrations have been
associated with changes in spatial performanceaiesnMen performed worse on spatial
tasks in early morning, when testosterone levelg\wggher, as compared to late
morning when testosterone levels were lower (Ma$fédtampson, 1996). Men also show
seasonal variations, with higher testosterone $gewmeautumn than in spring. Kimura and
Hampson (1994) found that spatial skills were pondingly lower in autumn and
higher in the spring.

Since secondary sex characteristics are influebgexhdrogens in males, there have
been some attempts to investigate the relatiortsttyween physical manifestations of sex
hormones and cognitive performance (e.g., BroverBaoverman, Vogel, Palmer, &
Klaiber, 1964; Peterson, 1976). For example, Petef976) found that males with less
masculine body types were relatively better atiaptasks than fluent production tasks,
whereas the more physically masculine males shaoleteverse cognitive pattern.
However, using physical characteristics is an gxtiand likely imprecise method of
assessing androgen levels.

Several researchers have also examined the redhtphetween circulating

testosterone levels and cognitive abilities in raed women. Gouchie & Kimura (1991)
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did not find any consistent relationships betweaivary testosterone concentrations and
performance on tasks of perceptual speed, verbaliation, and vocabulary. However,
Christiansen & Knussman (1987b) found a significeggative relationship between
androgen levels and some verbal tasks in healtbggyonales. Research studies are also
inconsistent concerning the relationship betwestosterone and spatial ability.
McKeever, Rich, Deyo, & Conner (1987) failed todfia significant association
between testosterone and spatial visualizatios tedioth men and women. Some
studies have found a positive relationship betweemlating androgen levels and spatial
ability in men (Christiansen & Knussmann, 1987bri§transen, 1993; Janowsky, Oviatt,
& Orwell, 1994), whereas others have suggested\arted U-shaped curvilinear
relationship across sexes (e.g., Gouchie & Kimiig81; Moffat & Hampson, 1996;
Ostatnikova, Putz, Celec, & Hudosy, 2002; Shutéefeno, Hubert, & Reynolds,
1983). Specifically, adult males with low (physigical range) testosterone levels
performed better on spatial tasks than males withdn levels, whereas females with
higher testosterone levels performed better tharalies with lower levels. Decreased
spatial performance in males with IHH as compacodddalthy adult males is also
consistent with this curvilinear hypothesis (HielC&owley, 1982). Taken together, these
findings suggest that intermediate levels of téstose, within the physiological range in
men might be associated with optimal spatial pertorce (Moffat & Hampson, 1996).
Although the organizational-activational dichototmgs proved to be a useful model
to understanding hormonal influences, it may bé tob rigid (Arnold & Breedlove,
1985). The human brain maintains a high degreeofaplasticity, with hormones

modulating behaviour throughout the lifespan. Uradatain conditions, steroid
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hormones might cause permanent changes in braipholeagy or behaviour in adults.
For example, brain injury and chronic stress haenlshown to cause permanent
changes in neural organization.

Administration of prolonged or high-doses of exagensteroid hormones might also
exert permanent, possibly detrimental effects arraleeorganization. Hormone-induced
sexual differentiation of brain and behaviour seras a model to consider the potential
ramifications of androgen supplementation, paréidylthe non-medical use of
supraphysiological dosages of AAS in athletes.

Exogenous Hormone Administration

Exogenous hormone administration provides someseciel on the potential
activational or modulatory effects of hormones ogrative functioning and brain
plasticity in adulthood. Hormone manipulation saglhave typically administered
physiological levels of anabolic steroids, usuédiytherapeutic purposes.

Several randomized placebo-controlled studies irargstigated the cognitive effects
of short-term testosterone supplementation in hgalder men. Healthy older men
received weekly intramuscular injections of 1005® mg of testosterone (T) enanthate
(Cherrier et al., 2001; Cherrier et al., 2005; Jesicy, Chavez, & Orwell, 2000) or
scrotal patches containing 15 mg testosterone \Jslnoet al., 1994). Cherrier and
colleagues (2005) also randomly assigned somecjpaatits to receive T enanthate plus
anastrozole, an aromatase inhibitor, to block cmigr of testosterone to estradiol. Both
serum testosterone and estradiol levels increagbdntramuscular injections; however,
the scrotal patch and T enanthate plus anastrozisied testosterone levels but
suppressed estradiol production. Results sugges@dvements in spatial ability

(Cherrier et al., 2001; Janowsky et al., 1994)drdospatial memory (Cherrier et al.,
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2001; Cherrier et al., 2005), and visuospatial wayknemory (Janowsky et al., 2000).
Only men with elevated estradiol levels, those wdoeived T enanthate alone,
demonstrated verbal memory improvements (Chertial. €2001; Cherrier et al., 2005).
Of note, Cherrier et al. (2005) did not find anyprovements in visuospatial working
memory. Although the Self-Ordered Pointing Test adsninistered in both studies
(Janowsky et al., 2000; Cherrier et al., 2005 dgant findings might be related to
different administration procedures.

These results suggest that steroid hormones canlatedtertain aspects of cognition
in older men. It is uncertain whether improvementsognition might be related to
increased levels of testosterone and/or estradmkever, findings from Cherrier et al.’s
study (2005) suggest that improvements in verbaharg might depend on
aromatization of testosterone to estradiol, whemaasovements in spatial memory
might occur in the absence of increases in estradio

Effects of cross-sex hormone treatment provideaterg support for the activational
effects of steroid hormones on cognition. Admiraistn of estrogens (ethinyl-oestradiol;
50 ug/twice a day) and antiandrogens (cyproterone &ei@ mg/twice a day) to male-
to-female transsexuals resulted in a shift towartlsmale-typical pattern of cognitive
performance, specifically verbal fluency increasdtbreas visuospatial ability decreased
(Van Goozen, Cohen-Kettenis, Gooren, Frijda, & \darPoll, 1995). In contrast, female-
to-male transsexuals receiving androgen treatneegt, (estosterone esters, 250 mg once
every two weeks; or Andriol, 40 mg/twice a day)whkd the reverse pattern (Van
Goozen et al, 1994, 1995). Female-to-male transdexiemonstrated an increase in

visuospatial ability and a decline in verbal flugmperformance. These studies suggest
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that hormones may exert a differential effect onrsdated cognitive abilities, such that
as one function improves, the other deteriorates.

Despite the substantial increase in anabolic starse, research regarding the effects
of supraphysiological doses of AASs on cognitivectioning in men is lacking. A recent
randomized controlled study investigated the effettadministration of moderately
supraphysiological doses of exogenous testostenemmegnitive abilities in healthy men.
O'Connor, Archer, Hair and Wu (2001) investigateel ¢ffects of short-term
administration of testosterone enanthate (200 mglyven cognitive functions in healthy
eugonadal men. Researchers found a differentiatiedin sex-related cognitive abilities
in response to exogenous testosterone, such thatr@ase in verbal fluency was
accompanied by a decrease in spatial ability (O"Goet al., 2001). Based on combined
results of this study in conjunction with studiesioterindividual variations in
endogenous testosterone, evidence suggests areeavitelationship between
testosterone levels and sex-related cognitivetedsiliO’Connor and colleagues (2001)
argue that intermediate levels of testosteronemecessary for optimal performance on
both spatial and verbal tasks. However, sub-optandl supraphysiological levels of
testosterone are associated with a decline in sata@l ability and an increase in verbal
fluency.

Rationale for the Present Study

lllicit use of AASs is a growing health concernhfgtes continue to use AASs
despite their known health and psychological risksrmone supplementation studies
using physiological or moderately supraphysiolobitses of AASs have demonstrated

some alterations in cognitive performance. Howethery do not capture the effects of
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steroid regimens commonly used by bodybuildersh stiscmultidrug combinations,
supraphysiological doses, and chronic use of AASSs.

This study examined the effects of exogenous stdroimones on sex-related
cognitive abilities and psychological functionirReview of the literature suggests that
this is the first study to investigate the potdrdaivating effects of AASs on sex-related
cognitive abilities in illicit AAS users. The psyalogical effects of exogenous steroid
supplementation have also been less extensivedaresed than the anabolic properties
and short-term health risks of AAS use.

The primary purpose of this naturalistic study wasxamine whether male
bodybuilders who use supraphysiological doses o§8f.e., greater than 500 mg/week)
demonstrate differential performance on cognitagks as compared to non-AAS using
controls (male bodybuilders and men involved imarilly aerobic activities). This study
investigated specific cognitive domains with docuated sex differences. It is difficult to
predict with certainty the pattern of differencescognitive abilities between groups. For
one, each synthetic steroid has a very differeiecefvithin the body. Some AASs
(testosterone esters) result in supraphysiologgstabsterone levels and are available for
conversion to DHT and estradiol, whereas othenslr@ssub-normal testosterone levels,
with no conversion to DHT and estradiol. In addifibodybuilders often combine
multiple oral and parenteral derivatives at a time.

The secondary purpose of the study was to builthersmall body of research
investigating psychological characteristics of madeybuilders who use AAS. Itis
difficult to draw firm conclusions from previouauslies, as researchers have often used

different measures and examined only a few psygicdbvariables. In addition, several
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studies have not included an appropriate contmligifor comparison. Although research
findings have been inconsistent, some psychologisalirbances have been reported in
male bodybuilders who use AAS, such as increasedd®f aggression, body
dissatisfaction, disordered eating attitudes aadtmes, and certain personality traits
(e.g., antisocial, narcissism). Studies that haveparatively examined psychological
characteristics in AAS-using and non-AAS using ntaddybuilders also suggest some
similarities in psychological functioning.

A small but growing body of research has investigdhe pursuit of the idealized
mesomorphic physique and unhealthy behaviours im ®i&ce male bodybuilders
espouse the hypermesomorphic body ideal, an irededsve for muscularity might lead
to excessive exercise, body dissatisfaction, andrmbal eating behaviours. Some
research has found that male bodybuilders exhipgyahological profile similar to
individuals with eating disorders and body dysmarlisorder, such as a preoccupation
with weight and shape, body dissatisfaction, disord eating behaviours (i.e., bulimic
tendencies), and personality traits (e.g., pexdadm, neuroticism, obsessive-
compulsive, and narcissism). Some of these behess/maight be more prominent among
male bodybuilders who use AASs.

Cognitive hypotheses

Based on available evidence from previous hormtundies investigating
interindividual variations in serum testosteroneele and exogenous testosterone
administration, it was hypothesized that the mal@ybuilders who used AASs would
demonstrate a shift towards a female-typical patéicognitive performance (e.g., with
stronger abilities on verbal tasks than spatid€adn contrast, it was hypothesized that

the two matched control groups of men who did rset AASs would demonstrate a
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male-typical pattern of performance on sex-rela@ghitive tasks (e.g., with stronger
abilities on spatial tasks than verbal tasks). Beasgistance training was not expected to
have an effect on hormone levels or cognitive parémce in male bodybuilders who did
not use steroids.

The primary cognitive hypotheses tested in thidygare the following:

H1: The AAS group will show weaker visuospatialliieis, as evidenced by a
significantly lower score on the mental rotatioskiarelative to the control groups.

H2: The AAS group will demonstrate stronger verfhancy skills, as evidenced by
significantly higher scores on the phonemic andaseio fluency tasks, relative to the
control groups.

H3: The AAS group will show enhanced verbal menmlnifities, as evidenced by
significantly higher scores on the total recall aethy trials of the verbal memory test,
than the control groups.

H4: The AAS group will perform better on speedettpptual and motor tasks, as
evidenced by a significantly higher score on thgiDsymbol-Coding subtest and faster
latency scores on the Grooved Pegboard task, tieacontrol groups.

H5: The AAS group will demonstrate stronger viswadgg working memory, as
evidenced by significantly fewer errors on the Saiflered Pointing Test, than the
control groups.

H6: The AAS group will display stronger verbal worg memory, as evidenced by a
significantly higher score on the Letter-Number &a&tring subtest, than the control

groups.
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Exploratory analyses for cognitive measures. Given the evidence that testosterone
supplementation improves spatial memory in headtdgr men, hormones might also
have an effect on visuospatial memory performand®AS users. Thus, this study was
also interested in exploring whether AAS users destrated differential performance on
visuospatial memory tasks as compared non-AAS usutgiduals. It was hypothesized
that males who used AASs would perform better @ewiBuospatial memory task,
specifically the total recall and delay trials atale to the control groups.

Lastly, this study explored the association betwsamone levels and cognitive
performance. As the research literature has sugdi@sturvilinear relationship between
cognitive abilities and testosterone levels, it Wggothesized that testosterone levels
within the normal physiological range would be tethto a male-typical pattern of
performance on cognitive tasks (e.g., higher spaligities and lower verbal abilities).
However, subnormal or supraphysiological testostetevels were expected to be
related to a decline in visuospatial abilities angrovements on verbal tasks (fluency,
memory), working memory, and speeded perceptuatimasks. To investigate the
association between hormone levels and cognitiugied, the investigator collapsed all
three participant groups and included additionaltic® participants who were not
included in the matching process to increase thgaaf hormone levels from slightly
below the physiological range to supraphysiologieatls.

Psychological hypotheses

This current study was also interested in detemmgimvhether psychological

differences exist between AAS users and non-AASsuspecifically men who are

bodybuilders. The psychological comparison of baglging groups represents an
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important component to the present study, as theession of psychopathology might be
related in part to a bodybuilding group effect.n@itigh much of the information gained
from the interview and questionnaires was usedéscriptive purposes, the study
investigated various aspects of psychological fienatg, including aggression,
personality characteristics, body image, and eatfgted pathology.

The primary psychological hypothedested in the current study were the following:

H1: The AAS group will exhibit elevated levels @fgaession as compared to both
control groups.

H2: The AAS group will exhibit elevated levels @egific personality traits (i.e.,
antisocial, narcissism, neuroticism, and obsessorapulsive) as compared to both
control groups.

H3: The AAS group and the bodybuilding control grawill exhibit greater body

image dissatisfaction and abnormal eating attit@sheispractices than the aerobic control

group.
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Method
Participants

Recruitment. The current study was conducted from June 2005ctol@r 2006,
and August 2007 to December 2007. The study redetl@cal approval from the
University of Victoria’s Human Research Ethics Bb@1REB) [Protocol number: 07-
05-1064q]. Due to the requirements for anonymityaumding illegal use of AASs, the
HREB agreed to the use of verbal informed consetttis study. Signed informed
consent was not used because it would likely dserparticipation of AAS users, and
might lead to a breach of confidentiality. Refe™gpendix A and B for the approved
Information Letter and Consent Form for the curitntly, respectively. After obtaining
permission, the investigator recruited participahtsugh the various procedures
described below.

Male adults were recruited from various cities nitiBh Columbia, specifically
Victoria, Duncan, Cobble Hill, Nanaimo, and the &mwnainland (e.g., Vancouver,
Langley, Port Coquitlam, and Surrey). Extensiveuiment procedures occurred
through advertisements posted in various gymnasibeeath and fitness centres,
recreational facilities, and on various internebsites (e.g., bodybuilding, steroid
forums) and bulletin boards at the University oftdria; as well as advertisements
distributed at athletic events (e.g., bodybuildbegnpetitions, road races, and triathlons)
and by athletic clubs/teams, athletic stores, andtional supplement companies. Gym
owners, athletic event planners, coaches of athiedims, etc. were initially contacted
about the research study, and they provided sugpatgh distribution of research
advertisements. Individuals interested in partitigain the current study initiated

contact with the investigator.
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Description of study criteria. To be eligible for inclusion in the study, all
participants had to be men between the ages oh@®@. Firstly, only men were
included in the current study because AAS use iemeevalent in males than females.
Secondly, this age range was selected to mininogenpial age-effects on hormone
levels and cognitive performance. Adolescents weteéncluded in the study as they
experience hormonal fluctuations during puberty.aye cut-off of 50 years was used to
ensure minor age-related declines in testosteroneentrations and cognitive
performance (particularly speeded tasks). Furthezpadl men had to be right-handed to
avoid potential effects of handedness on brainrorgéion and cognitive abilities. Non-
smokers were preferable; however, no more tharcialssmoker (less than a pack/week)
was accepted as a participant.

Additional exclusionary criteria included the follmg: a history of learning
disabilities (LD) or Attention-Deficit/HyperactiwtDisorder (ADHD), pre-existent
neurological, endocrine or metabolic abnormalitiestory of significant mental health
problems, current alcohol or substance abuse (&sideAAS use for the experimental
group), and a primary language other than Enghdirelite athletes were also excluded
from participation, as well as interested individudat did not meet physical activity
criteria. Participants, who completed blood tesbnga different day than their testing
session, were not included in any of the statiktinalyses. Lastly, control men who
exhibited high or subnormal physiological leveleatfiogenous hormones were not used
in the matching process. Table 1 summarizes thébaunf men excluded based on the

study criteria.
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Table 1. Number of men excluded based on study criteria

Exclusion criteria # of men excluded
(N=123)
Multiple factors (e.g., medical & mental healthtbiy) 19
Declined participation 18
Medical history (e.g., traumatic brain injury, hypgroidism) 12
Mental health history (e.g., depression, anxiety) 11
English as a second language 9
Left-handed 9
Current substance abuse and/or regular tobaccoisgnok 8
Physical activity criteria (e.g., elite athlete eowaining) 8
Recent use of prohormones and AASs 8
Testing variables (e.g., fatigue, decreased effort) 8
Testosterone levels outside reference range 5
Age (outside range of 20-50 years) 3
Unable to participate (e.g., work commitments) 3
Learning disabilities 1
Pilot study 1

To control for the effects of physical activity addigs on endogenous steroid
hormone levels, cognition and mood, the principaestigator implemented the
following restrictions for study participation. Adlarticipants were required to refrain
from all types of sexual activity, as well as amyabic or anaerobic exercise, for at least
15 hours prior to testing. They were also requicecefrain from ingesting caffeinated
products (i.e., coffee, tea, soda pop, chocolatd)recotine for at least three hours, and
alcohol and illicit drugs for at least 15 hoursoptio testing. Based on self-report during
the testing session, all participants includechegrimary statistical analyses followed

these study restrictions. In addition, participamése instructed not to change their
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current diet, eating patterns, and dietary supptesa¢iowever, they were encouraged to
eat immediately prior to or at the beginning of tbgting session to ensure adequate
energy levels for cognitive testing, and decrebsepbssibility of negative side-effects of
blood testing (e.g., shakiness). A fasting state m@ mandatory for hormone testing.

Initially, the study proposed classifying bodybeitd as individuals who engaged in
weight training to maximize muscle hypertrophy with more than one aerobic session
each week. Thus, athletes who focused on weigiinigafor strength purposes, or
combined weight training and multiple aerobic attg, were initially excluded from
study participation (i.e., Olympic weightlifterd)hese restrictions on training history
were to ensure that participants focused primanilyesistance training for bodybuilding
purposes.

Based on findings during recruitment, classificatooiteria were altered for the
bodybuilding groups. Firstly, participants in batoups typically endorsed more than
one aerobic activity each week, often to decreasly bat. Secondly, the principal
investigator had difficulties recruiting a sampfecompetitive bodybuilders (i.e., those
who have been involved in bodybuilding competitloi® address these issues, a
broader definition was developed to increase sasipé In the current study, a
‘bodybuilder’ was defined as an individual who penhed resistance-training exercises
primarily to increase muscle mass and/or strerigths, this definition included
recreational and competitive bodybuilders, powttd, strongman competitors, and
Olympic weightlifters. Men could also include aeimbxercise in their weekly training
schedule, such as cardiovascular activity and agiomal sports; however, weight

training had to be their primary focus. For accepgain the bodybuilding groups, these
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participants had to weight train at least four snaewveek for a minimum of three
consecutive years.

Minimum aerobic activity guidelines of the Americ@ollege of Sports Medicine
(ACSM) were used to help classify aerobic activityhe study groups. The ACSM
recommends at least 20 minutes of vigorous-intgr&tobic activity (e.g., jogging,
swimming continuous laps) at least three timesagsk, or at least 30 minutes of
moderate-intensity aerobic activity (e.g., briskkirag, biking) five times per week. The
principal investigator applied stringent criteraa talculating aerobic sessions; only those
of moderate intensity lasting at least 20 minutesewncluded. Thus, warm-up and cool-
down sessions, as well as walking or biking fongortation, were not included in the
calculations unless the participant identified tinet activity was designed to promote
aerobic fitness.

The second control group consisted of healthy actiales who were involved in
aerobic activities. To be eligible for this groupdividuals had to be involved in
moderate-intensity aerobic exercise for at leagnBlutes, three times weekly for a
minimum of one year. Initially the study was desidrio include only aerobic exercisers
(i.e., runners, cyclists, triathletes) who did maude weights in their training schedule.
However, most of the men classified as aerobicaesens reported including at least one
strength training session in their weekly schediégea result, men who included weight
training in their weekly aerobic training schedwdere weight training for muscle
hypertrophy was not their primary focus alike tloelybuilding groups, were included in

the second control group.
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Screening and Matching Process: A visual flowchart of the screening and matching
process of the current study is provided in Figur®ne hundred and sixty-six men were
screened for study eligibility during a brief tetheme interview. Based on exclusion
criteria or non-interest in study participation71en were identified as potential
participants for the research study. Of these 16i,rane was used as a pilot for the
study, 18 declined participation in the study (i'eo show’ or withdrawal), and eight
testing sessions were discontinued. Eighty pagitip completed the full battery of tests.
However, strict inclusion criteria were applied tbe final matching process, resulting in
35 potential controls. Almost two thirds of the @rticipants (those that completed the
testing) responded to postings in gyms, healthschrlrecreational facilities. Other
participants were recruited through advertisempasied or distributed by athletic
teams/clubs, websites, or at athletic events (168)d of mouth through friends, family
members, and co-workers (10%) or the investig&®s)( and from advertisements
distributed by athletic or nutritional supplemeatpanies (4%).

It is important to note that only 15 male bodybeailwho self-disclosed use of
AASs contacted the principal investigator. Of th&Semen, two decided not to
participate in the study and one did not live iitiBn Columbia. The investigator
excluded three additional men who used AASs, tweladm had a history of current
substance abuse and one described an atypicainpatt@AS use (1 to 2 week cycles).
Thus, nine AAS users completed the full batteryests. As admission to the final group
was stringent, another AAS user was excluded daediagnosis of a previous traumatic
brain injury and resultant cognitive sequelae.

From a surplus of 35 control participants who metusion criteria, each of the AAS
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users were matched closely with two controls (caig@pant in the bodybuilding group,
one participant in the aerobic group) for age, atlon, and estimated verbal intelligence.
Since 1Q is correlated with various cognitive dhaB, statistically controlling for any
significant differences between the groups was maipe. The WAIS-IIl Vocabulary

subtest was used to estimate verbal intellectulityaf@escribed in more detail below in

166men
contacted investigator &
screened for study eligibility

59 excluded (56 did not meet inclusion crite
& 3 were unable to participate)

A 4

107 potential participants

27 excluded (1 waused as a pilot, 18 declin
participation, 8 testing sessions discontinued)

A 4
80 participants completed the

full battery of tests
(9 AAS users)

37 further excluded (stringent inclusion crite
applied, such as medical/mental health history)

A 4

8 AAS users 35 potential
matched controls

Strict criteria for final matching process ba:
on age, education, estimated VIQ, & physical
activity criteria

A 4
8 AAS usersg bodybuilding
controls,8 aerobic exercisers

Figure 1. Flowchart of the exclusion and matching process.
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the “Materials” section). Due to difficulties matoly on the three variables, a
discrepancy of up to 8 years was accepted forggt 2 years for education, and up to
two scaled score points for estimated verbal iigietice between matched cases.

Description of study sample. The final sample consisted of 24 healthy active men
ranging in age from 20 to 48&1(= 33.33,SD = 9.63). Participants were divided into three
groups; (i) male bodybuilders who admitted to catr®AS use K = 8), (ii) male
bodybuilders who denied any current or previousaig®ASs ( = 8), and (iii) male
aerobic exercisers who also denied any AAS oseq). The bodybuilding control group
was included to control for potential effects afistance training on endogenous
hormone levels, cognition, and psychological stafixe control group of primarily
‘aerobically trained’ men was included to providbasis of comparison to the study
group of AAS users.

The following description of the sample pertainydo the 24 participants whose
data were included in the final analyses. All maptnts included in the study reported
English as their first language. Based on handvgifireference identified during the
screening interview, all participants were classifas right-handed. Men were
predominantly Caucasian (91.7%), except for thmeéviduals in the AAS group who
reported mixed ethnicity. Concerning family stafiige AAS users (62.5%), 4
bodybuilding controls (50%), and 4 aerobic exersig0%) were married or common-
law. All other participants were unmarried (i.engde or divorced). Two participants in
each of the control groups were university studait®f the other participants were
employed in either part-time or full-time work.

Table 2 summarizes the frequency of various heeltited behaviour variables.
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Based on self-report, participants did not repoyt @urrent alcohol or drug abuse. The
groups did not differ in terms of current consuraptof alcohol, cigarettes, cannabis, and
other illicit substances. Overall participants nepd occasional use of these substances
within the past 30 days. However, one individuahia AAS group reported smoking an
average of 20 cigarettes per week in the past maifétime use of alcohol, cigarettes,
and cannabis also did not differ between groupsidgs cannabis, a greater number of
participants in the AAS group and the aerobic gragorted lifetime use of other illicit
drugs. Of note, two individuals in the AAS groupoeted frequent use of illicit drugs in
the past. Based on self-report, none of the matchatitols had ever used AASSs.
However, two participants indicated that they wagously considering the use of
AASs.

Eleven of 24 participants reported experiencingld traumatic brain injury, or one
or more concussions in the past. This finding issupprising, as there is a higher
incidence of concussions and mild traumatic brajaries among males. A few resulted
in a brief loss of consciousness with reportedlyasting cognitive effects of these
injuries. Two participants described prior clinickhgnoses of depression and/or anxiety;
one was related to issues of loss and the otherela®d to teenage obesity. Lastly, one
participant in the bodybuilding control group refgor a diagnosis of adult Attention
Deficit Disorder (ADD), although he has not takery atimulant medications.

Participant demographic characteristics are presentTable 3. One-way ANOVAs
indicated that the groups did not differ signifitgrin age, education, and estimated
verbal intelligence. As these groups did not difidrably in terms of matching variables,

these measures were not considered a potentiadwathfrequiring statistical control. In
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addition, the groups did not differ on measurekeafiht, positive affect, negative affect,
global psychological distress, or exercise depecglegmptoms. However, the
bodybuilders who used AASs were heavier than bdatthbdybuilding and the aerobic

controls, but the latter of the two groups did differ from each other.

Table 2. Frequency of health-related behaviours per group

AAS users Bodybuilders  Aerobic controls
(n=18) (n=28) (n=28)

Alcohol consumption

Past 30 days 5 6 5

Lifetime 7 8 8
Tobacco smoking

Past 30 days 1 1 1

Lifetime 3 4 4
Cannabis

Past 30 days 1 1 1

Lifetime 6 7 6
lllicit substance use

Past 30 days 1 1 0

Lifetime 6 2 6
Concussion 3 4 4
Previous mental health diagnoses 1 1 0
(e.g., depression, anxiety)
Attention Deficit Disorder 0 1 0

All bodybuilders met group-specific physical adiyvcriteria. The majority of men in
the bodybuilding groups had been weight traininggi@ater than 7 years (62.5%), with
all of the other men having trained for at leageadrs. Most male bodybuilders reported

weight training for at least 4 days per week (range5 to 6 days). Sessions lasted on
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average 76.69 minuteSID= 27.47) and 75.63 minuteSP= 19.72) for the AAS group
and the bodybuilding control group, respectivelgid® from two individuals in the AAS

group, all other bodybuilders included some aertdaining in their weekly schedule.

Table 3. Characteristics of the study population

AAS users Bodybuilders  Aerobic controls

Variable M SD M SD M SD F(2,21)
Age (years) 33.50 8.12 3250 11.23 34.00 10.56 0.05
Education (years) 14.00 1.77 1438 1.77 14.75 1.17 0.44

Vocabulary (scaled score) 11.38 2.39 12.38 2.07 12.13 2.03 0.46

Height (cm) 17939 7.33 179.71 7.41 181.07 5.38 0.14

Weight (kg) 107.68 12.19 91.1 13.70 79.04 9.29 11.71%
WT sessions/week 463 0.74 488 0.99 2.2% 113 17.85%**
AT sessions/week 219 279 228 171 569 1.58 7.23%*
BDS Social Dependente 18.0Q 5.32  14.88 4.45 8.14 3.53 9.09**

PANAS Positive Affect 39.00 355 3888 6.51 39.75 5.60 0.06
PANAS Negative Affect 22.38 8.88 18.88 4.85 2175 792 0.51
SCL-90-R GSI 0.59 0.42 0.57 0.57 0.58 0.16 0.01

EDS Total Score 82.25 29.89 70.00 17.78 65.00 14.36 1.34

Note Groups with different letter subscripts are sigmfitly different p < .05) based on Tukey’'s
honestly significant difference post hoc test. Mmdary = Vocabulary subtest from Wechsler
Adult Intelligence Scale-Third Edition; WT = Weigt&ining; AT = Aerobic training; BDS =
Bodybuilding Dependence Scale; PANAS = Positive ldadative Affect Schedule; SCL-90-R
GSI = Global Severity Index for the Symptom ChestkiO-Revised; EDS = Exercise
Dependence Scale.

4Twenty-three participants filled out this measumee aerobic exerciser did not weight train.
*»* p<.01, ** p<.001.
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All of the bodybuilders reported weight training farimarily hypertrophy or
strength purposes. Additional reasons includechatiss and health. The majority of the
men in the bodybuilding groups were recreationalbailders, those who had never
competed in a bodybuilding competition and had lan$to compete in the next twelve
months. Competitive bodybuilders were defined as mieo either had participated in at
least one bodybuilding competition in the past erevpreparing for a competition within
the next year. Seven men were classified as cotiegtiodybuilders; four men in the
AAS group and one man in the bodybuilding controlugp had competed in amateur
bodybuilding competitions. Two of the recreatiobatlybuilders (one in each group) had
plans of entering a bodybuilding competition in faire. One of the bodybuilding
controls was also a strongman competitor.

Men in the aerobic control group also met groupcsjwephysical activity criteria.

All men had been physically active since childhoo@dolescence, with most reporting
at least 15 years involvement in their current bieractivities (62.5%). These men were
involved in aerobic activities at least 4 times week (range = 4 to 9 sessions), for an
average 63.13 minuteSID= 18.31) per session. Six aerobic exercisers imdwwbme
weight training in their weekly schedule. Primagasons for weight training were to
promote fitness, physical health, maintenance,andérease strength for their sport.
Although some individuals reported weight traintogncrease muscle mass, this
appeared to be related to enhancing fithess aports-related performance (e.qg.,
running).

To provide evidence of correct classification oflipouilders and aerobic exercisers,

the principal investigator looked at group diffezes in terms of weight training, aerobic
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activities, and bodybuilding dependence. As expkdteere were significant group
differences on all these measures. Post hoc cosguarirevealed that the aerobic controls
completed more aerobic sessions per week thandbolie bodybuilding groups. On the
other hand, AAS users and bodybuilding controlsgiveirained more often than aerobic
exercisers, and showed more dependence on the asperts of bodybuilding training.
These findings provided support for the validitytioé current classification of
bodybuilding and aerobic groups.

Since supplementation with nutritional aids is casnnm bodybuilders and athletes
(Brill & Keane, 1994; Morrison, Gizis, & ShorterD@4; Nieman et al., 1989),
participants were asked about their current wee&hsumption of various products.
Only three participants in the aerobic group usethdy supplements. Vitamins/minerals,
protein powders/bars, joint repair products, enehgyks, and stimulants were the only
products used by these individuals. On the othedhall participants in AAS group and
seven participants in the bodybuilding control gr@emdorsed using dietary supplements.
Of note, six AASusers and five bodybuilding controls reported ugjrepter than four
different supplements each week. Vitamins/mineaals protein powder were the most
popular supplements used by the bodybuilding grotips next most frequently reported
supplements were essential fatty acids, glutanairegtine (for bodybuilding controls),
and other amino acids (AAS group). Seventeen peofahe total sample consumed
stimulants at least once per week, such as epledaffeine pills, and guarana.
Although most individuals ingested caffeinated prcid (e.g., coffee, tea, soda), these
were not included in the calculation for stimulaftke frequency of current supplement

use for each group is outlined in Table 4.
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Table 4. Frequency of current nutritional supplementation per group

AAS users Bodybuilders  Aerobic controls
Type of supplements (n=28) (n=28) (n=28)
Vitamins / Minerals / Antioxidants 7 7 2
Protein powder / bars 7 5 1
Essential fatty acids 5 4 0
Glutamine 4 4 0
Creatine 2 4 0
Other amino acids 4 2 0
Joint repair products 3 2 1
Energy drinks 2 2 1
Sleep aids 2 0 0
Fat burners 1 0 0
Stimulants 1 2 1
Other 3 1 0

AAS group. Due to the expense of urinalysis, steroid use vaaed solely on self-
report. Some research studies have found no instensies between self-reported AAS
use and urinalysis, suggesting that self-repatrisliable measure in this context (Bond,
Choi, & Pope, 1995; Pope and Katz, 1994). In addjtmeasurement of total
testosterone, estradiol and SHBG through bloodispgtcollection provided indirect
confirmation of current steroid use (see Table 8)

Participants in the AAS group followed individuad regimens of self-obtained

steroids; all of the drugs were used independeattitis study. The majority of the drugs
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reportedly came from the black market and undergtdaboratories. Aside from one
bodybuilder (who will be discussed separately), nodbshe men were experienced users.
Seven of the bodybuilders had been using steroidarf average of about 10 years
(range = 5 to 18). Steroid use started during adelece or their 20’9\ = 20.86, range =
15 to 27). Participants reported use of variousiahtnation techniques, such as cycling
(on and off periods of AAS use), stacking (usewad br more AAS at a time), and
pyramiding (tapering doses toward the end of aedydlhese men often used a number of
different drugs within a cycle, but not necessaailyat the same time. For example, some
of the bodybuilders staggered their drugs, by @kivem in an overlapping pattern or by
stopping use of one drug and then starting anoHwerfive of the participants, AAS were
taken in cycles with on-periods lasting about 4@onveeks. Based on participant
approximations, the average number of lifetime eydbtalled 15.7 (range = 10 to 20).

Of note, two bodybuilders reported using AAS omrlatively continuous basis (8 months
to 3 years) with very few off-periods (maximum ofal2 weeks off).

Table 5 summarizes the lifetime use of differeppiety of performance-enhancing
substances and other drugs by the AAS group. Sitaceng steroids, these seven
bodybuilders have used several different typesalfand injectable agents. Participants
‘cycling’ steroids reported stacking a maximum lufee to four different steroids at the
same time, with a stack of more than five repotgthose who have used continuously.
Similar to reports from the literature, the mostneoonly used injectable agent by
participants was Deca-Durabolin (nandrolone dedayoahich has a reputation for
increasing size and strength. Polypharamacy wascalmmon among the participants.

AAS were often used with a number of other perfarogaenhancing drugs (e.g.,



Table 5. Types of AAS and other substances used by the AAS group

Generic name / Category of drugs (Brand name) usefs
(n=8)

Types of AAS
Nandrolone decanoate (Deca-Durabbdjin
Methandrostenolone (Dianabol)
Stanozolol (Winstrdl tabs & depot)
Trenbolone (Finaplix, Parabolan)
Methenolone acetate / enanthate (Primobolan tathsp®t)
Testosterone enanthate
Testosterone blends (Omnadren, Sten, Sustanon)
Drostanolone propionate (Masteron)
Oxandrolone (Anavar)
Oxymetholone (Anadr6)
Testosterone cypionate
Testosterone propionate
Boldenone undecylenate (Equipoise)
Fluoxymesterone (Halotestin)
Mesterolone (Proviron)
Testosterone suspension (Aquaviron)
Nandrolone phenylpropionate (Durab&)in
Norethandrolone (Nilevar)

Oral-Turinabol

P P P P NN W P OO OO 01O 00N NN

Denistenil

Other drugs commonly used in combination with $tisro
Anti-estrogens / aromatase inhibitors (e.g., AriexidClomid, Femera)
Clenbuterol
DHEA / Tribulus terrestris
Growth hormone & peptide hormones (e.g., hGH, insUGF-1)
Dexedrine
Diuretics (e.g., Aldactone, Dyazide, Hydrodiuripgix)
Human chorionic gonadotropin

N D NN DM DM OOl

Liothyronine sodium (Cytomel)

Note hGH = Human Growth Hormone; IGF-1 = Insulin-ligeowth Factor; DHEA = dehydroepiandrosterone.
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clenbuterol, human growth hormone) and nutriticngdplements. Therapeutic
substances were also often used to counteracidbefects of AAS (e.g., anti-
estrogens).

Table 6 presents the types and dosages of allsageat in the current steroid
cycles, as well as the number of bodybuilders utiegpecified substances. The current
cycles of seven of the men consisted of a comlminaif multiple oral and/or injectable
formulations of different agents, used in supraptiggical doses over several weeks.
The majority were stacking two or three steroidghattime of testing, with one man
using four AASs. All AAS users administered at te@se injectable agent (one man
consumed the substance orally), up to a totalreethAdditionally, three men used
between one to two oral agents at the time ofrtgstihe current cycles varied in length
from 6 to 16 weeks.

One of the bodybuilders in the current study sthusing steroids at the age of 45.
He has only used two different types of injectatibroids. These agents were used
separately in two cycles, lasting between 9 to @8ks. His current steroid regimen
consisted of a maximum of 600 mg/week of the ikl agent. Of note, this individual
also served as his own control in the bodybuildjrmup. As a bodybuilding control, he
was tested about 7 months after his first cycleedn@he principal investigator tested
him again 1.5 years later during his second cycle.

At the time of testing, their current steroid regims consisted of an average of 986
mg/week (range = 450 to 1800) of oral and/or irgble agents. For drugs with approved
clinical indications, dosages of oral and injectadtieroids were typically greater than

those used for therapeutic purposes. Other ressarbhve also described similar
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patterns of AAS use in athletes and non-athletes, (Eudala, Weinrieb, Calarco,
Kampman, & Boardman, 2003; Pagonis, Angelopoulasjddlis, & Hadjichristodoulou,

2006; Perry, Lund, Deninger, Kutscher, & Schnei@énbs).

Table 6. Types of substances used in the current steroid regimens of the AAS users

Generic Name Clinical dose Dosage # of users
(h=8)

Oral agents (mg/day)

Methandrostenolone 5-10 mg 25 mg 1
Oxandrolone 10-20 mg 50 mg 1
Oxymetholone 50-100 mg 75-150 mg 1
Stanozolol 2-16 mg 50 mg 1
Injectable agents (mg/week)
Nandrolone decanoate 30-100 mg every 3 to 4 wks 200-600 mg 3
Testosterone enanthate 100 mg/wk to 400 mg/4 wks 250-1000 mg 3
Testosterone cypionate 100 mg/wk to 400 mg/4 wks 250-400 mg 2
Testosterone propionate 50-100 mg 300-375 mg 2
Testosterone blend (Sustanor§0-125 mg 250-1000 mg 2
Trenbolone acetate not used clinically 200-300 mg 2
Stanozolol (liquid oral) not used clinically 150 mg 1

Note.Clinical doses were estimated based on informaifained from product monographs and

clinical research studies.

Procedure

An initial phone interview was conducted to deterenwhether each interested
individual met inclusion criteria. Inability to methe criteria excluded participation in
the current study. Specific restrictions for stydyticipation were discussed extensively

with potential participants (i.e., refrain from sk activity and physical activity for at
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least 15 hours prior to testing, etc.). Informatadiout protection of anonymity and
confidentiality were also discussed during the ghimerviews. The principal
investigator emphasized to participants that undecircumstances would they be
required to provide their real name. Several paditts provided a pseudonym. All
participants also received an identification numbed only this number was recorded
on data forms. For potential participants who melusion criteria, a personal
information sheet was developed at the time opti@ne interview, which included their
identification number, telephone number, and inesaases their address and a
pseudonym (if these were provided). This informatieas recorded to have a means to
contact participants during the study (i.e., tolrtiee package when necessary, reschedule
testing sessions for cancelled appointments, apdoide feedback about their blood
test results).

Prior to the scheduled testing session, particgaither picked up or were mailed a
package that included a letter of information alibatresearch study, a history form, and
some self-rating inventories (i.e., Exercise Deeog Scale, Bodybuilding Dependence
Scale, Drive for Muscularity Scale, and Multidimemsal Body-Self Relations
Questionnaire). Participants were encouraged tagylihieir completed history form and
guestionnaires to the scheduled testing sessionotesl on the information letter, the
return of completed questionnaires indicated thatparticipant was providing consent to
participate in the research study.

Most participants were tested individually in ag@<h laboratory at the University
of Victoria. The University testing environment sisted of two different rooms; the

main room used for completion of the non-compuégtiand physiological tasks, and a
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second room used briefly to complete the compwgdriask. As many interested
individuals lived in other regions of British Collma, 3 of the 24 study participants (2
AAS users, 1 bodybuilder control) were tested irdiially in a quiet location outside
Victoria (e.g., meeting rooms booked at librariesezreational facilities). The principal
investigator and a research assistant (a graduwaterd in the Clinical Psychology
program) conducted testing in Victoria, both of whaere not blind to group status of
the participants. However, only the principal invgstor conducted testing sessions
outside of Victoria.

Testing occurred during one session lasting appratély 2.5 to 3.5 hours,
dependent on participants’ speed of task complefdthough the examiners offered
breaks during testing, most participants choseioptete the sessions without breaks. At
the outset of the testing session, the examinexs algscribed the nature of study and
reviewed the informed consent procedures. Eaclicjgamt provided verbal consent
prior to starting the research tasks. Verbal consess documented in a book, with
participant’s identification number and date of sent.

After informed consent, the examiners asked spegifestions to ensure that
individuals had followed the necessary restrictifmsstudy participation (e.g., sexual
and physical activity, alcohol/drug use, etc.)oPto task completion, men were
familiarized with instructions on the cognitive kasand self-report inventories. The tasks
were administered to participants in the orderioed in Table 7. A brief interview was
conducted during the testing session to follow-npndormation provided in the history
form. The Eating Disorder Inventory-3 (EDI-3) ame tAggression Questionnaire (AQ)

were also administered during the memory delays;iBpally after the WAIS-11I Digit-
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Symbol Coding task and prior to WAIS-III Letter-Nber Sequencing. To ensure a delay
of approximately 5 minutes between the two mermtdtion sets, physiological

measurements and final follow-up questions wereimidtered during this delay period.

Table 7. Test administration order

Cognitive measures and self-rating scales

Positive and Negative Affect Schedule (PANAS)

Symptom Checklist-90-R (SCL-90-R)

OMNI Personality Inventory (OMNI)

Bodybuilder’'s Survey (only completed by the AAS gpod

Weschler Adult Intelligence Scale —Third Edition AN%-IIl), Vocabulary

Rey Auditory Verbal Learning Test (RAVLT)

Brief Visuospatial Memory Test-Revised (BVMT-R)
Grooved Pegboard

WAIS-III, Digit Symbol-Coding

RAVLT (delay trials)

BVMT-R (delay trials)

WAIS-III Letter-Number Sequencing
Self-Ordered Pointing Test (SOPT)
Phonemic Fluency (FAS)

Animal Naming

Mental Rotation

After participants completed their testing sessthay went directly to a local
medical laboratory for blood specimen collectioreddurement of serum hormone levels

occurred in the afternoon, as soon as possible @mitive testing. All participants who
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completed the full battery of tests and blood samgpleceived a t-shirt and $40 for their
participation. In cases where testing sessions disoentinued, participants were
reimbursed with a t-shirt and $20 for their tim@s& for blood testing, participant
reimbursement, and research assistance were paiggthsmall grants from the
Canadian Institute for Health Research, Lions GHgalthcare Research Foundation, and
Michael Smith Foundation for Health Research.

The investigator contacted participants via teleghto provide general information
about their blood test results (fell within the fn@l physiological range’ and/or ‘fell
outside the normal physiological range’). As thedioal laboratory service employed for
this study has an obligation to communicate abnbresalts to patients, the company
requested that the principal investigator provids information to the study participants.
Thus, participants were provided with a copy ofrteénormal blood test results and
were encouraged to follow-up with their family ployan. After providing feedback to
participants, their personal information sheetsewstmediately shredded. In cases where
the investigator was unable to contact a partidigars information was shredded after
one month.

Measures

Questionnaires for demographic and descriptive variables. During the initial
phone interview, basic demographic and healthedlatformation was gathered for
screening and descriptive purposes. The Screenilegti@ns form (see Appendix C) and
the Drug History Questionnaire (DHQ); Sobell, Kw&nSobell, 1995) were administered
during the phone interview. The DHG is a brief sfandized screening questionnaire of

past and current substance use. It assesses #me antl frequency of use for different
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drug categories (i.e., alcohol, cannabis, stimslagiic.). Test-retest reliability
coefficients of 20 drug abusers in treatment weodenately highr(= .53 to .93]JCC =
.54 to .93) for the variablemtimber of years usédnd “frequency of past use in a
typical month (Sobell et al., 1995).

Additional information was collected from questiames completed before and
during the testing session. The Health History F@mself-report questionnaire
developed for this study, provided information abdemographics (e.g., marital status,
occupation, race/ethnicity), medical and mentalthdastory, substance use, physical
activity, nutrition/diet, and use of nutritionalglements (see Appendix D). To protect
anonymity, participants were only asked generarmftion about their employment
status (i.e., student, part-time and/or full-timerky. A brief assessment of nutritional
supplementation was included to provide a summange among bodybuilders and
aerobic exercisers. Exercise questions were aimigetifying how often participants
engaged in sports and physical activity, such esbéetraining and weight training.
AAS use was assessed solely on self-report byifglengy the types of steroids used,
doses and durations used, and age at which AAStaged. Bodybuilders who used
AAS were asked several questions regarding histbapabolic steroid use in the Health
History Form, as well as the Bodybuilder's Survegg Appendix E).

The following self-rating scales and questionraisere used for descriptive
purposes; the Positive and Negative Affect Sche(RANAS; Watson, Clark, &
Tellegen, 1988); Symptom Checklist-90-R (SCL-90BRrogatis, 1994), Bodybuilding
Dependence Scale (BDS; Smith, Hale, & Collins, 3988d the Exercise Dependence

Scale (EDS; Hausenblaus & Symons Downs, 2001bktailéd summary of these
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measures is included in the Psychological Measgeson.

Physiological measures. Measurements of height (in) and weight (Ib) wdreaimed
from each participant, and converted to the respettternational System equivalents
(cm, kg). Body weight was measured in light clothiwithout shoes and with empty
pockets. Body mass index (BMI), a simple heighwight ratio, was not calculated in
this study. It is an inappropriate measurementoalfyicomposition particularly for
muscular men, as it does not account for weighibatable to muscle mass. For
example, if a man were heavier due to increaseclmusass, a high score on the BMI
would falsely suggest obesity. Although it would/édeen desirable to calculate fat-free
mass index (FFMI), as it takes into consideratiarsoularity, this measurement was not
included in the current study due to time constgain

Hormone measurements. A private clinical medical laboratory company (LLifs,
formerly MDS Metro Laboratory Services) was contiealcto be responsible for the
coordination of support services for blood specimeltection and hormone analyses for
the current study. The medical company followettsindustry-standard procedures and
protocols on blood specimen collection, serum @, assays, transport of samples,
and waste disposal. No more than 12 ml was taken &ach participant. Although blood
specimen collection is recommended in the mornugtd daytime biological variations
of testosterone and SHBG, all blood samples wdteated in the afternoon when
testosterone levels are lower. To protect anonymetyuisition forms for hormone
testing provided only the participant’s study idicaition number and a ‘default’ date of
birth (e.g., use same day of the month for eachqggaaint). Blood samples were not used

for any other purpose than those outlined in thdystand were disposed of within 7 days
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of faxing the blood test results to the principalastigator.

Serum total testosterone, total estradiol, SHB@,ahbumin concentrations were
measured directly from blood samples collected fparticipants. Free and bioavailable
testosterone were calculated using the quadratiateps developed by Vermeulen and
colleagues (1999). The contracted laboratory compatablished the following
references ranges for males: total testosterongg 30 nmol/L; total estradiol, 0 to 220
pmol/L; SHBG, 10 to 70 nmol/L; and albumin, 35 @ §/L.

A lab representative provided information on assesexd in the current study (K.
Dooley, personal communication, January 11, 2088)um total testosterone was
measured directly on the ADVIA CentduiSiemens Healthcare Diagnostics, Deerfield,
IL), an automated chemiluminescent enzyme immurayagshe assay measures
testosterone concentrations up to 52 nmol/L witlaaalytical sensitivity of 0.35 nmol/L.
Based on in-house studies, mean inter-assay ceetfscof variation were less than 10%.
However, the intra-assay coefficients of variatianged from 4.3% to 27.2%.
Quantitative measurement of SHBG in serum was medsiirectly on the IMMULITE
2000 (Siemens Healthcare Diagnostics, Deerfield, Ilje BHBG assay is a solid-
phase, two-site chemiluminescent immunoassay. Basé@a-house studies, the within-
run and between-run coefficients of variation wgto 5.1% and 5.4 to 6.2%,
respectively. The assay has an analytical sengitii2 nmol/L with a range up to 180
nmol/L. Serum albumin concentration was measurethelVITROS by using dry-slide
technology (Ortho-Clinical Diagnostics, Rochesi¢Y)).

Lastly, the ADVIA Centadft Estradiol-6 11l (Siemens Healthcare Diagnostics,

Deerfield, IL), a competitive immunoassay usingedirchemiluminescent technology,
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was used to measure serum estradiol levels. Basadlmuse studies, coefficients of
variation were in the range of 5.2 to 9.0% (betwaet) and 7.1 to 7.7% (within-run),
respectively. As per the manufacturer, the assayHimear range up to 3670 pmol/L

with an analytical sensitivity of 25.7 pmol/L. Howes, the precision of the assay was
noted to be sufficiently poor for values below 180d thus all these values were reported
as <100 pmol/L.

Cognitive measures. Six cognitive measures were selected as they tijpsizow
sex-related differences, albeit of variable sizgeSe included measures of spatial ability
(mental rotation), verbal fluency (phonemic and aetit fluency tasks), verbal memory
(list learning task), and speeded perceptual arerfiotor tasks (Digit Symbol-Coding,
Grooved Pegboard). Measures of visual and verbedimg memory were also included,
as recent reports have identified sex differencesomplex working memory tasks (Duff
& Hampson, 2001). A visual memory measure was atldleaplore whether sex steroid
hormones would have a general effect on memoryppaegnce.

1. Vocabulary subtest from the WAIS-III (Wechsl|&897). Vocabulary was used as
an estimate of verbal intellectual ability. Basedfactor analytic studies, the Vocabulary
subtest is the best measure of general intelligemite an average loading of .83 (Sattler
& Ryan, 1999). Vocabulary also has a high corretatvith the Full Scale (FSIQ;= .80)
and the Verbal Scale (VIQ;=.83), and has consistently high split-half feiligy for all
age groupsr(= .93, range = .90 to .95) [The Psychological @oagion, 1997]. Since
vocabulary is a hallmark measure of crystallizedliigence (i.e., acquired knowledge),

and there are also no notable sex differencesistiatk (Kaufman, McLean, &
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Reynolds, 1988; van der Sluis et al., 2006), naxgka on account of AAS administration
were expected.

On the Vocabulary subtest, participants definedds@f increasing complexity. If
they were unable to define six consecutive wordsiately, the test was discontinued.
Scores of 0, 1, or 2 were assigned for each iterarding to criteria outlined in the
WAIS-IIl manual. Performance on this task was pnésg as age-based scaled scores,
which have a mean of 10 and a standard deviati@ of

2. Mental Rotations Test (MRT; Peters, 1995). Tést was included in the current
study because it has shown the largest sex ditfefemth a strong male advantage. The
MRT is a redrawn paper-and-pencil version (Petead. £1995) of the original Mental
Rotations Test figures of Vandenberg & Kuse (19¥8)ich in turn was based on cube
stimuli from the Shepard and Metzler paradigm ()9The redrawn version of the
Vandenberg and Kuse designs was reported to hghdrternal consistency for a group
of 377 participantso(= .86) [M. Peters, personal communication, JandaB008].

Based on a large-scale internet study designew/asiigate sex differences (Reimers,
2007), a six-item MRT (drawn from Peters et al.98Prevised version) showed a
moderate correlation with a line angle judgemesk ta= .26, p <.0001) [M. Peters,
personal communication, January 4, 2008].

Each participant was given the MRT-A version, whigis comprised of 24
problems involving mental manipulation of figuregsand the vertical axis under timed
constraints. For each problem, there was a taigatef with four block figures to the
right of the target figure. Participants were regdito correctly identify both of the block

figures (only 2 of 4 figures were correct rotategsions) that matched the target figure.
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The test was presented in two sets of 12 problemis, @vith 3 min for each set, separated
by a 5 min rest period. To control for guessingcrexit was given for single correct
answers. Thus, a single point was given only ihbmdrrect figures were identified, for a
maximum score of 24. The summary score on thiswaskthe total number of problem
sets answered correctly within the time limit.

3. Verbal fluency. Measures of phonemic fluency §&preen & Benton, 1977]
and semantic fluency (Animal naming) were includethe test battery, as sex-related
differences favouring women have been identified/erpal fluency tasks (e.g., Herlitz et
al., 1999; Rahman et al., 2003). Internal conscstéras been found to be high for FAS
(o = .83) [Tombaugh et al., 1999]. Phonemic fluerfex$) scores correlate moderately
well with category fluency (Animals) scores< .52, p <.01) [Tombaugh et al., 1999].

For the phonemic fluency task, participants wekedgo spontaneously generate as
many different words beginning with a specifieddein three respective 60 s trials.
Performance on the phonemic fluency task was eteduay summing the total number
of correct words generated for the three trials.tRe semantic fluency task, participants
were required to name as many different anima@&is. Performance on this task was
evaluated by summing all the acceptable wordshieisemantic category. A separate
summary score was generated for the phonemic fluand the semantic fluency tasks.
In the interest of parsimony, only the phonemieflay total score was used in the
statistical analyses.

4. Rey Auditory-Verbal Learning Test (RAVLT; Schrjid996). The RAVLT is a
standardized measure of verbal learning and meniig.task was included because

previous studies have found sex differences fanguemales on the RAVLT (e.g.,
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Bleecker et al., 1988; Gale et al., 2007; Geffeal €t1990; Van der Elst et al., 2005).
Small to moderate levels of convergent validitydaeen previously reported (Crossen
& Wiens, 1994; Johnstone, Vieth, Johnson, & Shad@02.

Participants were read a list of 15 unrelated woads were then asked to recall as
many items as possible across five learning triéistds were presented in the same
order for the five consecutive trials. After contmlea of the fifth trial, a new list of 15
words was presented, followed by a free-recall taathis list. Participants were then
asked to recall words from the first list, but vaith further presentation of those words.
After a delay of about 20 min, they were again negilito recollect words from the first
list. Finally, a word list recognition trial usiragyes-no format was administered. The
scores of interest in this study were the Totates¢sum of Trial 1 to 5), which is the best
index of overall performance, and the Trial 7 scareneasure of delayed recall.

5. Digit Symbol-Coding subtest of the WAIS-III (Wesder, 1997). This timed task
involves complex visual scanning, attention, angchemotor speed. The Digit Symbol-
Coding subtest has high test-retest reliabilitythar different age groups € .84, range =
.81 to .87), and correlates moderately with FS1@ (75) Performance IQ (PIQ;= .62),
and the Processing Speed Index (P$1;65) [The Psychological Corporation, 1997]. A
sex-related difference on this task has been ifileditior children, adolescents and adults,
with females typically outperforming males (e.garB 2003; Snow & Weinstock, 1990;
van der Sluis et al., 2006).

Participants were asked to quickly copy symbols the empty boxes, by matching
each number with its respective symbol providethekey at the top of the page. The

key consisted of boxes containing a number from 9 &and a symbol. Each number was
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paired with a different symbol. The outcome scoas Wwased on the total number of
correctly drawn symbols completed within the 2-itnine limit.

6. Grooved Pegboard (Heaton, Grant, & Matthews11.9bhis test evaluates
complex fine-motor dexterity and motor speed indbainant and nondominant hands.
Several researchers have identified a sex differgiawouring women, on the Grooved
Pegboard task (Bornstein, 1985; Bryden & Roy, 200%f & Parker, 1993; Schmidt et
al., 2000). The pegboard consisted of a 5 by Siratrslotted holes angled in different
directions. The holes in the pegboard were gro@retieach peg had a ridge on its side.
Participants were asked to place all 25 pegs hmdbles as quickly as possible,
matching the ridge of the pegs to the groove irtbles, first with their dominant hand
then with their nondominant hand. The measuresrmddgrom this task were the latency
scores (time to completion) for the dominant hand the nondominant hand. In the
interest of parsimony, only the latency score fer dominant hand was used in the
statistical analyses.

7. Self-Ordered Pointing Test (SOPT; Petrides &l 1982). The SOPT is an
experimental test measuring visual-spatial workimegmory processes and strategic
memory. This task was chosen because a recentisiemntyfied a large sex effect,
favouring woman, on a complex spatial working meyrtask (Duff & Hampson, 2002).
Another recent study also found that testosterapplementation improved working
memory, as assessed by the SOPT, in older menwdapet al., 2000). Low internal
consistency (i.e., average inter-trial correlatjomas reported for the abstract-design

version (Ross, Hanouskova, Girala, Calhoun, & Tuck@07). Thus, Ross and
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colleagues (2007) suggested that the total erameqg@ measure of performance across
all trials) should be utilized.

A computerized version of the original SOPT wasaleped for the present study,
and was structured identically to the paper verdRarticipants either touched the
designs on a computer screen or clicked them wittoase. Although Petrides and
Milner (1982) used four different tasks (i.e., abst designs, representational drawings,
high-imagery words, and low-imagery words), onlgtaé#ict designs were used in the
current study as they are more difficult to labedbally. The principal investigator
developed new abstract designs for this measure.

Similar to the original version, there were fouffelient sections in the current study,
each of which consisted of a different number aftatet designs (i.e., 6, 8, 10, and 12).
In the first section, an array of six designs waspnted in a different spatial
arrangement on each page (i.e., six pages in edctParticipants selected one design on
every page with the restriction that they shouldage a different design each time.
Three consecutive trials of the six-item set wehaiaistered. Abstract designs for the
six-item set are presented in Figure 2.

Administration of sections two through four wasntieal to section one, except that
they consisted of 8, 10, and 12 abstract desigrifférent set of abstract designs was
used for each of the four sections. Of note, tlitef®-set was always presented first,
followed by the 8-, 10-, and then 12 item setgpeesively. Only the total error score
(number of errors across all trials) of the SOPTF wsed in the statistical analyses.

A participant made an error when he pointed tosagiepreviously selected in a set.

Thus, participants were expected to monitor theifggmance by ‘holding in mind’
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previously selected designs while planning a futeasponse. To increase the working
memory demand on this task, the computer prograssetup to stop participants from

responding consistently to the same location oh &@al (Petrides & Milner, 1982).

2
&
Bl

Figure 2. Abstract designs for the six-item set of the Self-Ordered Pointing Test (SOPT).

Of note, although computerizing a task might affsrnparability of the results to
the original version, this issue was consideredéie a negligible influence on the
dissertation results. There was no reason to astahdisplaying the designs on a
computer would significantly alter the task demaredative to displaying the items in

paper form. Furthermore, since all participantened the same task and the groups
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were matched by age, years of education, and dstivarbal intelligence, any artefacts
from computerizing the task would affect both greagually.

8. Letter-Number Sequencing subtest of the WAIWEechsler, 1997). This subtest
is a measure of verbal working memory. Letter-Nun®equencing has high split-half
reliability for the different age groups £ .82, range = .75 to .88), and has a moderate
correlation with FSIQr(= .64), VIQ ¢ = .62), and the Working Memory Index (WMi,
= .64) [The Psychological Corporation, 1997]. D&fHampson (2002) found a large sex
difference on a complex verbal memory task (digitening), with women outperforming
men. However, more recently van der Sluis and aglies (2006) did not find a sex
effect on the Letter-Number Sequencing task.

Based on standard administration instructionsj@pants were initially read a
combination of numbers and letters. After hearirmgp@bination, participants repeated
them by saying the numbers first in ascending oimiwed by the letters in
alphabetical order. Participants completed fivectica trials before starting the task.
There were three trials per string length. Thewest discontinued after failure on all
three trials containing an identical number of tigind letters. The summary measure for
this task was the total number of trials answegdectly.

9. Brief Visuospatial Memory Test-Revised (BVMT-Benedict, 1997). This
measure was chosen as it provides a detailed asseissf visuospatial learning and
memory, and is similar to the RAVLT (i.e., has npl# learning trials). High interrater
reliability has been reported ¥ .90) [Benedict, 1997]. The Total Recall and eth

Recall scores from the BVMT-R have moderate to luigiielations with other visual €
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.66 to .80) [Benedict, Schretlen, Groninger, Dokira& Shpritz, 1996] and verbal
memory tasksr(= .35 to .74) [Benedict et al., 1996; Gale et2007].

Based on the original normative sample, sex doeseportedly influence aspects of
recall on the BVMT-R (Benedict, 1997), thus indingtthat hormone levels do not have
an impact on this measure. However, a recent shwegtigating sex differences in the
elderly found that women obtained higher scoren than on the BVMT-R Total Recall
(d=0.27) and Delayed Recatl € 0.15) trials, but not on the Recognition tricl £
0.00) [Gale et al., 2007]. In addition, young maleth high (normal range) levels of
estradiol performed better on some visual memakstéhan those with lower levels
(Kampen & Sherwin, 1996). These findings, in additio sex-related differences
between hormone levels and verbal memory performaared moderate-to-high
correlations between the BVMT-R and verbal memasks, suggest that hormones
might have an influence on this task. This measa® added to explore whether steroid
hormones would have a general effect on memoryppeaegnce.

Participants were shown a display of six geomelesigns for three learning trials,
and were asked to draw as many of the design®indbrrect location as they appeared
on the display. After a 25 min delay, participamgroduced the array of designs. The
delayed recall trial was followed by a recognittdal using a yes-no format. The
outcome scores were the Total Recall (sum of Tdidts 3) and Delayed Recall scores.

Psychological measures. Participants completed several self-report inveesor
assessing the following concerns: screening foradlvaffect, psychological distress, and
exercise dependence (Positive and Negative Affelte@ule, Symptom Checklist-90-R,

Bodybuilding Dependence Scale, Exercise Depend8oake), aggression (Aggression
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Questionnaire), disordered eating attitudes ang bmdge (Eating Disorder Inventory-3,
Drive for Muscularity Scale, Drive for Tone scaldltidimensional Body-Self Relations
Questionnaire), and personality (OMNI Personaliyeintory).

1. Positive and Negative Affect Schedule (PANAS;t3Ua et al., 1988) is a widely
used self-report measure of affect. It contains 1@atem scales, the Positive Affect
scale (e.g.alert, active) and the Negative Affect scale (e &fraid, ashameyl which
assess the two dominant dimensions that consigtemtbrge in factor analytic studies of
self-rated affect (Watson & Tellegen, 1985). Thales can be used as state or trait
measures of affect by using different time instiauts, such as rating how you feel today
vs. how you have felt within the past year. Lowretations between the two scales(-
.12 to -.23) suggest that the positive and negatifext scales measure relatively distinct
constructs (Watson et al., 1988). These two s¢aes shown adequate internal
consistencyr(> .83) for the different time instructions [Watseinal., 1988; Watson &
Walker, 1996], and high convergent validity as daestated in factor analysis studies (
> .90) [Watson et al., 1988]. Good predictive vitjiaf both affect scales was shown
across an extended time span, as evidenced byisagicorrelations between initial
scores on the PANAS scales and measures of camgigus and depressive
symptomatology that were completed 4.5 to 7.5 yksdies (Watson & Walker, 1996).

As noted earlier, this measure was used for ddsaipurposes in the present study.
Participants were asked to rate the extent to wihieit had experienced certain feelings
during the past week on a five-point Likert scaéaging from 1 ¥ery slightly omot at
all) to 5 extremely. Total scores on the Positive Affect scale anddtige Affect scale

were reported. High scores indicated high levelaffefct.
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2. Symptom Checklist-90-R (SCL-90-R; Derogatis,499he SCL-90-R is a
widely employed, self-report inventory designedgtoeen a broad range of psychological
problems and symptoms of psychopathology. It isprgsed of 90 items that cluster into
nine symptom domains (Anxiety, Depression, Hogtilihterpersonal Sensitivity,
Obsessive-Compulsive, Phobic Anxiety, ParanoidtldeaPsychoticism, and
Somatization), and three global indices of dist{€@sbal Severity Index, Positive
Symptom Distress Index, and Positive Symptom Tofdle SCL-90-R is appropriate for
use with several ethnic and cultural groups (&gnicatto, Dew, Soria, & Seghezzo,
1997).

High split-half reliability, as estimated by theégpman-Brown formula, and internal
consistency (coefficient alpha) of the Global Séydndex (GSI) have been reportead (
= .94, .96), respectively [Bonicatto et al., 19B¥ophy, Norvell, & Kiluk, 1988]. Internal
consistency of the nine symptom dimensions ranged f62 to .90, with the lowest
coefficients on the Paranoid Ideation and Psyclsoticubscales (Bonicatto et al., 1997;
Derogatis, Rickels, & Rock, 1976; Horowitz, Rosewmp@&aer, Urefio, & Villaserior,
1988). On the other hand, validity of the nine syonpdimensions has been questioned.
Convergent validity is acceptable for certain dalisubscales on the SCL-90-R. For
example, the SCL-90-R Depression dimension was highkty related to the BDIr(=
.73) and the Depression scale of the MMP4 (55) [Brophy et al., 1988]. However,
evidence for discriminant validity is inconclusivas each of the SCL-90-R dimensions
were significantly correlated with the BDI and aflthe MMPI clinical scales (Brophy et
al., 1988). Some factor analysis studies havefaltal to replicate the nine symptom

dimensions (Brophy et al., 1988; Cyr, McKenna-Fopyeacock, 1985). Based on
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these results, researchers have argued that thalldd€L-90-R score should only be
used to measure global psychological distress.

As per standard administration, participants weked to rate the severity of
psychological symptoms experienced during the wask on a 5-point scale, ranging
from O (ot at al) to 4 extremely. The SCL-90-R was used for descriptive purposes t
provide a measure of overall psychological adjustmés the GSI provides the best
summary measure for current level of distress, til/score was reported in the current
study. The GSI was calculated by summing all itamd dividing by the total number of
responses.

3. Exercise Dependence Scale (EDS; Hausenblas &&ymowns, 2002b). This
multidimensional measure was used for descriptinp@ses to assess exercise
dependence symptoms. Based on DSM-IV criteriadbstance dependence, the EDS-21
conceptualizes exercise dependence as a clustegoitive, behavioural, and
physiological symptoms leading to clinically sigo&nt impairment or distress
(Hausenblas & Symons Downs, 2002c). It is comprefe?ll items that cluster into seven
clinical symptoms: Tolerance, Withdrawal, Intenti6ffects, Lack of Control, Time,
Reduction in Other Activities, and Continuance. Bi2S has satisfactory psychometric
properties. Internal consistency (coefficient a)pioa the total EDS score € .93)
[Hausenblas & Giacobbi, 2004] and the seven subsdat .67 to .93) was above
acceptable limits [Hausenblas & Fallon, 2002; SysnDowns, Hausenblas, & Nigg,
2004]. During initial development and validatiohetEDS was also shown to be

significantly related to the Exercise Dependencesfiannairer(= .69) and the
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Obligatory Exercise Questionnaimre<.75), which suggests adequate convergent validity
(Hausenblas & Symons Downs, 2002c).

In the present study, participants were askedteohaw well each item reflected
their current exercise beliefs and behavioursltage occurred in the past three months
on a 7-point Likert scale from héve) to 7 @lway9. Higher total and subscale scores
suggest more exercise dependence symptomatologheAseasure was mistakenly
altered to a 7-point Likert scale (original ED&i8-point scale), only the overall score of
exercise dependence symptoms was reported in thentstudy. The total EDS score
was calculated by summing all 21 items.

4. Bodybuilding Dependence Scale (BDS; Smith et1&98). The BDS was
developed to assess both biomedical (e.g., withal)aamd psychosocial (e.qg.,
interference with social and occupational functigjiaspects of dependence. This 9-item
rating scale consists of three subscales relewardrhpulsive weight lifting; Social
Dependence (i.e., the need to be in the bodybugjlsatial environment), Training
Dependence (i.e., the compulsive need to engageight training), and Mastery
Dependence (i.e., the need to exert control oegmitrg schedules) [Smith et al., 1998].

Preliminary research on the BDS by Smith and cglies (1988) indicated
acceptable internal consistency coefficients fahesubscales(= .76, .75, .78),
respectively. Convergent validity of the Social Begence subscale was evidenced by
moderate correlations with the Social Identity:(.66) and Exclusivity subscalas<
.71) of Athletic Identity Measurement Scale. Comgesrt validity of the two other
subscales was inconclusive. However, a more restedy provided support for

convergent validity of all three subscales, spealfy moderate correlations were shown
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with the Interference with Social/Family Life, Pbg¢ Reward, Withdrawal Symptoms,
and Exercise for Social Reasons subscales of taecise Dependence Questionnaire (
=.36 to .71) [Smith & Hale, 2004]. Smith et al. §B) also found that bodybuilders
scored significantly higher on the BDS Social Degmrce scale than Olympic
weightlifters and individuals who weight trained faness purposes. There was also no
difference in scores between the AAS-using bodgeus and the non-AAS using
bodybuilders.

The BDS was used for descriptive purposes to asselduilding dependence. In
the current study, the measure was only admingster@articipants who included
weight-training sessions in their weekly schedBlaticipants were asked to rate how
well each item reflected their attitudes about lmdlging on a 7-point Likert scale from
1 (strongly disagregto 7 Gtrongly agreg Higher total and subscale scores suggest more
exercise dependence symptomatology. As previoesrels identified a significant
difference in Social Dependence scores betweenlbwildgrs and fitness trainers, this
subscale was reported to provide further evidefeppropriate classification of the
control groups.

5. Aggression Questionnaire (AQ; Buss & Perry, 1998e AQ was administered to
evaluate aggression in the current sample. lpisyahometrically improved and updated
version of the Buss-Durkee Hostility Inventory (BDBuss & Durkee, 1957), a widely
used measure for assessing aggression and hodtiigymost recent version, a 34-item
rating scale, was used in the current study (Bu¥gatren, 2000). It consists of several
original items from the Buss & Durkee (1957) vensias well as seven new items, that

cluster into five subscales (Physical Aggressioerbdl Aggression, Anger, Hostility,
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and Indirect Aggression. The AQ provides a tripamnodel of aggression describing
behavioural (Verbal Aggression, Physical Aggressindirect Aggression), affective
(Anger) and cognitive components (Hostility).

For the entire normative sample, internal conssterefficients were acceptable
for the AQ Total scoren(= .94) and for the five subscales, ranging from(l@direct
Aggression) to .88 (Physical Aggression) [Buss &#a, 2000]. These measures are
consistent with those reported on the first versibthe AQ (Total score = .89;= .72 to
.85 for subscales), although of note, the Indifgggression scale was not included [Buss
& Perry, 1992]. Overall, convergent validity wasgdate, as evidenced by higher
correlations with constructs purported to be measbly each AQ scale (e.g5 .73 for
Physical Aggression subscale of AQ and Angry Beatravi Novaco Anger Scale) [Buss
& Warren, 2000]. Factor analytic techniques werkzed in the development of the first
version of the questionnaire (Buss & Perry, 1992)ich resulted in four factors:
Physical Aggression, Verbal Aggression, Anger, Hodltility. Indirect aggression did
not appear as a separate factor. Based on a @irmamponent factor analysis of the
standardization sample, Buss and Warren (2000 )¢l the most recent version
provides support for the relative independencéefRhysical Aggression, Verbal
Aggression, and Hostility subscales. However, Araget Indirect Aggression items
displayed associations with all three of thosediesct

As per standard administration, each participars asked to rate how well each
item described him on a five-point Likert scalegeng from 1 (ot at all like mg¢to 5
(completely like meBased on evaluation of the Inconsistent Respantidex, all

participants demonstrated a valid profile. In thieiest of parsimony, only the AQ total
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score was used in the data analyses. It is a gondhary measure of general aggression
and anger.

6. OMNI Personality Inventory (OMNI; Loranger, 200The OMNI is a self-report
inventory that provides a comprehensive assessofierrmal and abnormal personality
traits. The 375-item measure contains 25 normagueddity traits (Normal scales) and 10
abnormal personality traits (Personality Disord=las). The OMNI Personality Disorder
scales are based on the Axis Il diagnostic categar the Diagnostic Statistical Manual
— Fourth Edition (DSM-1V). The OMNI also containsv&n broad factor scales
(Agreeableness, Conscientiousness, Extraversiacjgsesm, Neuroticism, Openness,
and Sensation Seeking) that represent an integratitvaits across the normal and
abnormal scales. Five of these factors were sirtoléinose often referred to as the “Big
Five” traits in the literature (McCrae & John, 1992wo validity scales are also
available to determine the consistency of respandin

Based on the original and replication samples,fment alphas for the Normal
scales were moderate to high«.53 to .86) [Loranger, 2001], and were similatttose
obtained from other measures of normal persontiis (e.g., Costa & McCrae, 1992).
Acceptable internal consistency was also showth@iPersonality Disorder scales<
.62 to0 .84) and the Factor scales=(.79 to .94). Lastly, acceptable convergent vilidi
was found, as evidenced by significant correlatioetsveen the 25 normal scales on the
OMNI and similar scales on other personality téstsanger, 2001).

Prior to administration, the examiners indicateat the test was divided into three
separate sections, each with its own set of instmng (Loranger, 2001). On the first

section, participants were asked to indicate hoWeaeh item described them or their
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opinions during the past 5 years on a 7-point ltikeale from 1definitely agregto 7
(definitely disagree On the second set of items, participants wekedo rate how
often something had been occurring during the pasiars on a 7-point scale (lakways
to 7 =neve). The last section, which was included as a vgligidicator (Current
Distress), focused on participant’s experiencebiwithe past 7 days on a 7-point scale
(1 =alwaysto 7 =nevej.

The primary measures of interest for this studyeneto of the OMNI Factor scales
(Narcissism, Neuroticism), as well as two Persay&isorder scales (Antisocial and
Obsessive-Compulsive). Total raw scores for eaate sgere presented.

7. Eating Disorder Inventory-3 (EDI-3; Garner, 2l0Phe EDI-3 was administered
in the current study to assess disordered eatiitigd®s and behaviour. The original
Eating Disorder Inventory (EDI; Garner, OlmsteadPé&livy, 1983) and the Eating
Disorder Inventory-2 (EDI-2; Garner, 1991) haverbesdely used in research and
treatment of eating disorders. The updated vensasdeveloped to improve the
psychometric properties and conceptual framewotkisfmeasure, thus several EDI-2
scales have been refined or created to measurbgsgeal constructs that are more
consistent with modern theories on eating disor(feesner, 2004). Although the original
items have been retained in the EDI-3, the newt&h-version includes the original
three eating disorder subscales (Body DissatisfacBulimia, Drive for Thinness), as
well as nine other psychological subscales (AsissticEmotional Dysregulation,
Interoceptive Deficits, Interpersonal Alienationtdrpersonal Insecurity, Low Self-
Esteem, Maturity Fears, Perfectionism, and Persali@hation). The inventory also

includes six composite scores (General Psycholbyletadjustment, Affective
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Problems Composite, Eating Disorder Risk Compositffectiveness Composite,
Interpersonal Problems Composite, Overcontrol Caitgpand three validity indicators
(Inconsistency, Infrequency, Negative Impression).

Based on the U.S. and international adult clinsgahples of the EDI-3, overall
moderate to high internal consistency(.70) was reported for thel8 clinical and 6
composite scales, with lower reliability estimafes .70) for the Bulimia subscale for
the Anorexia Nervosa-Restricting type in the U&@nple (Garner, 2004). However, the
EDI-3 does not provide internal consistency coedfits for the nonpatient comparison
groups. For the U. S. adult clinical sample, thd-BRlinical scales have their highest
correlations with the corresponding EDI-2 subscéles.73 to .98). In addition, the
Drive for Thinness and Body Dissatisfaction scdrage the highest correlations with the
Eating Attitudes Test-26 total score (EAT-26; .72 and .52), and Bulimia and Drive for
Thinness scores have the highest correlationstivglBulimia Test-Revised Total score
(BULIT-R; r =.81 and .77) [Garner, 2004]. These provide sorpeat for convergent
validity. Of note, very little research has beenducted regarding reliability and validity
of the measure with men. Nonetheless, the EDI/EB&2been used to assess disordered
eating attitudes and behaviour in men with suspleetting disorders.

Participants rated how well each item reflectedr thi@rent attitudes, feelings, and
behaviours on a six-point scale fraxtwaysto Never As per standard administration, a 0
to 4 scoring system was used. A score of 4 wagradifor the extreme response in the
symptomatic directionXlwaysor Never depending on whether the item is positively or
negatively keyed), a score of 3 for the immediageljacent respons&gually or

Rarely), and a score of 2 for the next respor@ignhor Sometimés and a score of 1 for
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the next respons&ometimesr Ofter). The two responses in the asymptomatic direction
were given a score of 0 [Garner, 2004]. Clinicalsscores were computed by summing
all items for that specific scale.

Outcome measures for the present study were linitéige Drive for Thinness,
Bulimia, and Perfectionism subscales of the EDIH& Body Dissatisfaction subscale
was not reported in this study, as it assessesg#eific satisfaction of body regions (i.e.,
buttocks, hips, stomach, thighs) of greatest conteefemales and eating disorder
populations. However, a modified version of the B@dssatisfaction subscale has been
developed for men. Blouin and Goldfield (1995) fdumgher scores on these measures
in male bodybuilders as compared to male runnersastial artists. In this same study,
male bodybuilders who used AASs endorsed signifigdmgher scores than non-using
bodybuilders on the Bulimia and Drive for Bulk (atizd Body Dissatisfaction scale)
subscales. In another research study (Cole, Shidhord, & Wagstaff, 2003), although
current and ex-AAS male users obtained higher scamethe Drive for Thinness subscale
and the modified version of the Body Dissatisfattionly the ex-AAS users scored
higher on the Bulimia and Perfectionism subscdias hon-using male bodybuilders and
aerobic trainers.

To address aspects of men’s body image (e.g.edesiincreased muscularity and
reduced body fat), the Drive for Bulk and Drive fcone scales were included in the
current study (Blouin & Goldfield, 1995; GoldfielBJouin, & Woodside, 2006). The six-
item Drive for Bulk scale (i.e., a desire to in@eanuscle mass) is a modification of the
Body Dissatisfaction scale of the EDI. The directad items was reversed on this scale

(e.g., “too big” was changed to “too small”), arderences to specific body parts were
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adapted to be more appropriate for males (i.e.saback, chest, legs, and shoulders).
The Drive for Tone scale is comprised of five itetlmst evaluate the desire to achieve a
leaner and more toned body (e.g., “ripped” and™)cétithough Goldfield et al. (2006)
used the EDI-2 scoring system; the current stuey tise O to 4 scoring system for the
Drive for Bulk and Drive for Tone scales in orderkeep it consistent with the EDI-3
clinical scales. The psychometric properties oséhevo measures have not been
investigated.

Other questionnaires were included in the studdsgess men’s body image, such as
the Drive for Muscularity Scale (McCreary & Sas3@00) and the Multidimensional
Body-Self Relations Questionnaire (Cash, 2000).aFdescription of these measures,
please refer to their respective sections.

8. Drive for Muscularity Scale (McCreary & Sass@0@Q). The DMS is a self-report
measure designed to evaluate an individual’'s désira more muscular body. It is one of
the few measures developed using samples of bathamd women. The original
inventory consisted of 15 items; however, resuita factor analysis indicated that one
item (“ think about taking anabolic steroitjdid not load significantly on any factor
and showed very little variability in responses (feary, Sasse, Saucier, & Dorsch,
2004). Both the 15-item version and 14-item vergadter removal of the AAS question)
have consistently shown good reliability among raed women. Moderately high
internal consistency coefficients on the total Ds&®re and the two subscale scores have
been found for male respondents, ranging fromo88& (McCreary & Sasse, 2000;
McCreary et al., 2004). Exploratory factor analysasealed two factors, muscularity-

oriented body image (attitudes) and muscularityaveiur, for the men but not the
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women (McCreary et al., 2004). A single-factor stane for the DMS also emerged for
both men and women. Thus, these results suggeshthaverall DMS score is
appropriate for use with both men and women, baitwo subscales should only be used
with men (McCreary et al., 2004). Acceptable cogeet validity was also found in a
sample of men and women, as evidenced by a signtfaorrelation between the DMS
total score and the Swansea Muscularity Attitudeesflonnaire total score € .83)
[Wojtowicz & van Ranson, 2006].

The participants were asked to rate each itemsx-point scale ranging from 1
(alwayg to 6 feve). All of the DMS items are reverse-coded priostoring so that
higher scores reflect a greater drive for musciyldMcCreary & Sasse, 2000). As the
AAS item loaded weakly on the lower order factivieCreary et al., 2004), this item
was removed from the scale in the current studg. tbtal DMS score (sum of all 14
items) was the measure of interest in the presedys

9. Multidimensional Body-Self Relations QuestiomnegiMBSRQ); Cash, 2000). The
current study administered this self-report inventis it has been used extensively in
body image research. In addition, it is one offdve measures developed from a large
normative sample of men and women of various ag@esentative of the U.S.
population (Cash, Winstead, & Janda, 1986). The RQ3s a multidimensional
attitudinal assessment designed to assess affectigaitive, and behavioural
components of the body image construct. The 69-ite@ntory is comprised of the
revised Body-Self Relations Questionnaire (54 itesegen subscales), Body Areas
Satisfaction Scale (9 items), Overweight Preocdapd# items), and the Self-Classified

Weight subscale (2 items).
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A principal-components factor analysis of the or@idatabase supported the
conceptual framework of the 54-item Body-Self Relad Questionnaire, with six
subscales reflecting two attitudinal dimensionsa(eation, orientation) for each of the
three somatic domains (appearance, fitness, arthhfrown, Cash, & Mikulka, 1990].
An additional factor (illness orientation) also egex. This study identified the same
seven factors for both males and females (Brovat.£1990). The reliability coefficients
of the subscales ranged from .70 to .91, which esiggnoderately high levels of internal
consistency (Brown et al., 1990; Cash, 2000). Adégjaonvergent validity of the
Appearance Evaluatiom € -.47 to -.67), Appearance Orientatior(.28 to .58) and
Body Parts Satisfactiom £ -.53 to -.71) subscales with other attitudinabmees of
body image has been shown [Mayville, Williamson,id@hNetemeyer, & Drab, 2002;
Rosen, Jones, Ramirez, & Waxman, 1996].

Three subscales from the MBSRQ were of primary@stiein this study, as these
measures were sensitive in identifying body imaggcerns in male weightlifters with
muscle dysmorphia (Choi, Pope, & Olivardia, 2002)e Appearance Evaluation
subscale (seven items) assesses attitudes abarabehysical appearance, with higher
scores reflecting greater satisfaction with oveaiplbearance. The Appearance
Orientation subscale (12 items) evaluates the tiogAbehavioural investment in or
concern with physical appearance, with higher scordicating more importance and
attention placed on looks and more engagemenbionging behaviours. The Appearance
Evaluation and Appearance Orientation subscalesunealifferent aspects of body
image (Thompson, Altabe, Johnson, & Stormer, 1994)these two subscales,

participants were asked to rate each item on agoist Likert scale from 1dgfinitely
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disagre@ to 5 definitely agreg On the Body Areas Satisfaction subscale (niemsi),
participants rated their level of satisfaction wfodete body areas or attributes on a five-
point scale (0 wery dissatisfiedo 5 =very satisfie§l with higher scores suggesting
contentment with most areas of their body. Althoiigd possible measure body image
satisfaction by analyzing each separate body #iesaresearch only examined the total
score in the interest of parsimony. Moderate cati@hs for menr(= .66) and womerr (

= .61) have been shown between the MBSRQ Appeatavaeation subscale and the
Body-Parts Satisfaction subscale (Keeton, Cashr&dsB, 1990). As per the MBSRQ
scoring instructions, summary scores for theseethudscales were calculated by taking
the mean of its corresponding items (Cash, 2000).

Power Analysis

Within the greater Victoria and Vancouver regiahgyjas estimated that there would
be at least 100 male bodybuilders who use AAS$icdigh there were over 1000
viewings of the study advertisement on bodybuiltBteyoid forums on the internet as
well as support from owners of gyms, nutritiongbglement companies, and
bodybuilding federations, participant recruitmehAAS users still proved to be a
difficult task.

An a priori power analysis using G*Power (Faul &f&alder, 1992) was conducted
to determine the required sample size. Based osekélifference literature, it was
expected that there would be a great deal of gqvérddween groups in terms of cognitive
scores. Nonetheless, it was anticipated that AASBsusould exhibit a different cognitive
pattern on sex-related measures than the conwapgr with control groups showing

similar performance. A moderate effect size waggrated on cognitive measures. With
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a moderate effect sizé£ 0.30) and a conservative alpha leyek(.05), a total sample
size of 111 participants (i.e., 37 participants greaup) would be needed to produce a
significant finding. The power for the resultingtevould be 0.80. Another a-priori
power analysis was run to determine the requirethkasize for a large effect size<
0.40). In this case, the large effect size necssita smaller sample size of 22
participants per group to detect group differengiéls a minimum power of .80.
Although there were more AAS users interested mig@pating in the current study, as
well as several more controls who participatechagtudy, the final sample had 8
participants per group due to stringent inclusind exclusion criteria for the reasons
previously mentioned.
Statistical Analyses

The primary cognitive hypotheses assessed grotgrelifces on a battery of sex-
related cognitive tests of spatial ability, verflaéncy, verbal memory, verbal and visual
working memory, perceptual and motor speeded t&kse participants were matched
closely on age, education, and estimated verbaliggnce, results were analyzed using
analysis of variance (ANOVA) matched-group desigatched-group ANOVASs were
used to enhance statistical power due to a smalpleasize. Given similar testosterone
levels for the control groups, cognitive performamn each task was averaged for
matched controls. Thus, matched-group ANOVAs warewith two orthogonal planned
comparisons; (1) the AAS group compared to theagast control group and (2) the
bodybuilding controls compared to the aerobic astrAs this is an exploratory study
with a small sample size, an alpha level of .05 sedscted for all planned comparisons.
Further matched-group ANOVAS were run to invesggdifferences in cognitive

performance between the AAS group and each separateol group (bodybuilders and
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aerobic exercisers). A more conservative alphd leiv®25 was selected for these
additional comparisons to reduce the probabilitg diype | error. Group differences in
visuospatial memory were also explored using makgreup ANOVAs. Effect sizes
(eta squared)’) are presented, and according to Cohen’s crif@8a8), .01 is indicative
of a small effect, .06 a medium effect, and gretitan .14 a large effect size.

For exploratory analyses of the bivariate relatiops between total testosterone and
the various cognitive tasks, alpha level was sdd%oPearson correlation coefficients
were used; correlations of .30 to .50 were consitienoderate in size and those above
.50 were viewed as large (Cohen, 1988). Lastlgesanfemale-typical pattern of
performance was expected for the AAS group, theitiwg profile of two men with the
highest total testosterone levels were examineghgeally and compared to the average
scores of the controls. All raw scores were comektd z-scores, with higher scores
suggesting better performance on the tasks.

The primary psychological hypotheses investigatedy differences in three
domains: aggression, personality, and body imagerdered eating practices. A series of
one-way ANOVAs were performed. For the aggressimh@ersonality variables, one-
way ANOVAs were run with the following orthogondbpned comparisons; (1) the
AAS group and the averaged control group and @pttdybuilding controls compared
to the aerobic controls. Two planned comparisongwaéso conducted to investigate
group differences in body image and eating disovdegbles; (1) the aerobic group
compared to the averaged bodybuilding group (AASsuand bodybuilding controls)
and (2) the AAS users compared to the bodybuildomgrols. An alpha level of .05 was

set for all planned comparisons and .025 for adt inmc comparisons.
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Results

Data were statistically analysed using the softvpaekage, SPSS Graduate Pack
15.0 for Windows (SPSS, 2006). Although a large amof data was collected in the
current study, the data analyses do not includeyguessible variable. The following
results were designed to test the principal hyssldor the cognitive and psychological
outcome measures, rather than address all datctzull
Data Screening

The principal investigator rescored all of the ame measures to ensure scoring
accuracy. Prior to analyses, recommended procefturesreening grouped data were
employed (Tabachnick & Fidell, 2001). Outcome measwere examined for correct
entry of data and missing values. Although there m@missing data for the cognitive
measures, a few random items on the questionna@esnot completed. The principal
investigator did not omit cases with missing daia tb a small sample size, instead
implemented methods outlined in the respective rakzno deal with missing values.
Based on examination of potential univariate otgli®hich was identified as cases with
z-scores in excess of 3.29 (Tabachnick & Fidelg0all data were within acceptable
limits with two exceptions. One bodybuilding continad an unusually high score on a
descriptive variable, the SCL-90-R Global Sevelrityex = 3.32). In addition,
inspection of box plots indicated that there was onusually low score when mental
rotation was averaged for the control groups. Maikéraindividual variability on
cognitive tests is common in normal adults, theséhoutliers were not discarded from
the study (Schretlen, Munro, Anthony, & Pearlsdd03.

Data were also examined to ensure that the varéislebutions met statistical

assumptions of the planned analyses. Although sifrtiee variables were not normally
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distributed with some deviations in skewness anklioiosis, no substantial violations
were uncovered. Transformations were attemptethi@e tdescriptive variables (GSl,
estradiol, and testosterone) and for some, bualhgariables, transformations resulted in
non-significant tests for normality and homogeneityariance. Due to similar results
from transformed and untransformed data analysesg tlee results from untransformed
raw scores will be presented. Of note, ANOVAs atatively robust to violations of
normality and heterogeneity of variance. In caskere Fmax for equality of variances
was greater than six [set at a lower value thaomeeended by Tabachnick & Fidell
(2001) due to a small sample size], F tests foguakvariances were reported.
Hormone Measurements

Participant hormone and protein measurements asepted in Table 8. ANOVAs
revealed significant differences between the tigreeps on total testosterone, total
estradiol, and SHBG levetsAs expected, men who used AAS had higher seruah tot
testosterone and total estradiol levels, and I&®¥BG concentrations than the
bodybuilding and aerobic control groups, whereasctimtrol groups did not differ on
these measures. On the other hand, albumin leigelsod differ among the groups.

Free and bioavailable testosterone were also edémliin the present study. Based
on information provided by the contracted mediahbratory company, calculated free
and bioavailable testosterone can only be reliabtyputed when total testosterone falls
within 0.5 to 52 nmol/L and when SHBG falls wittrto 180 nmol/L. Of note, three

men in the AAS group had total testosterone lefalisig well above the 52 nmol/L limit

2 As the assumption of homogeneity of variance vaswet for these variables, Welch ANOVAs and
Games-Howell test of posthoc comparisons werezatlin these analyses. Significant group difference
were the following: Total testosterorfg2,12.71) = 27.54p = .000,n? = .81; EstradiolF(2,12.07) = 6.88,
p =.01; SHBGF(2,11.86) =p = .000.
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(66.1, 67.2, and 69.0). Due to concerns with rdltghthese measurements were not

used in any of the statistical analyses.

Table 8. Hormone and protein measurements of the study population

AAS users Bodybuilders Aerobic controls
Variable (n=8) (n=8) (n=28)
M SD M SD M SD

Testosterone (nmol/L) 52.6Q 12.63 17.06 3.93 21.2%, 4.86

Estradiol (pmol/L) 352.88 184.76 109.38 16.78 105.13 12.12
SHBG (nmol/L) 8.13 5.28 27.88 13.90 345 11.23
Albumin (g/L) 44.63 2.77 46.63 1.69 46.13 1.96

Note.Groups with different letter subscripts are sigufitly different p < .05) for Gammes-

Howell post hoc comparisons. SHBG = Sex-hormondibmglobulin.

Preliminary cognitive and psychological analyses

In the interest of limiting the number of explomnat@nalyses due to a small sample
size, the principal investigator initially computBdarson correlations between variables
from the same cognitive measure (i.e., RAVLT, BV} -Redundant variables were
identified as those with a bivariate correlationsager than .70. There were large
correlations between the total and delayed recalles of the RAVLT(=.72,p < .001),
and the total and delayed recall scores of the BMM({ = .79,p < .001). As the
RAVLT and BVMT-R total scores were felt to be thesbindices of overall memory
performance, only these measures were includdteidata analyses. All subsequent

analyses were performed on the reduced set of measyppendix F displays the
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intercorrelations among the remaining cognitive suees for the whole sample. In the
current study, all correlations belgws .05 are highlighted.

Pearson correlation coefficients between variabfesach psychological domain
(i.e., personality, body image/disordered eatingjeralso examined. There was a large
correlation between the Drive for Muscularity Scatel the Drive for Bulk scale € .80,
p <.001). Since the Drive for Muscularity Scale dasnonstrated adequate reliability
and validity, only this measure was included insaguent analyses. Although there were
still a large number of measures, the principaéstigator did not create composite
scores because variables within each domain irgagstli separate psychological
functions. Within-group correlations among the renm psychological variables are
presented in Appendix G.

Primary Cognitive Analyses

Planned orthogonal comparisons are presentedrfiestch section (AAS group
compared to the combined control growend bodybuilding controls versus aerobic
controls), followed by post hoc comparisons betw&A$ users and each separate
control group. Table 9 presents the descriptiviessiizs for the three groups of men on
the cognitive outcome measures.

Mental rotation. As hypothesized, the AAS groupl(= 10.75,SD= 3.41) obtained
lower scores on the mental rotation task than ¢gmérol group 1 = 14.25,SD= 2.65),
F(1,7) = 7.75p = .03,n* = .53. This group difference was particularly r¢sas two
controls performed below one standard deviatoon {1.11, -1.65) and one AAS user

performed above one standard deviatioa (.33). As expected, the bodybuilding and

% The term ‘control group’ will be used in furtheésdussions to refer to both bodybuilders and aerobi
exercisers. Separate groups will be identifiedidmdybuilding controls’ and ‘aerobic exercisers/colst.’



113

aerobic controls did not differ on the mental rimtatask,F(1,7) = 0.00ns n® = .00.
Post hoc comparisons revealed that the AAS grodpnpeed worse than the aerobic
control groupF(1,7) = 8.37p = .023,n* = .54. Although there was a trend in the
predicted direction, with the bodybuilding controlstaining an overall higher score on
the mental rotation task than the AAS users, thalte failed to attain significance
[F(1,7) = 4.18p = .08,n” = .37]. Outliers might have had an impact on #smults. One
bodybuilding control scored much lower than hisofelparticipants (raw score = 7,
range of other scores = 13 to 20), whereas one ég&® scored much higher than the
participants in his group (raw score = 18, rangetbér scores = 7 to 12).

Verbal fluency. The AAS group was expected to obtain higher sconethe
phonemic fluency task than the control group. Hosvethe AAS groupNl = 47.75,SD
= 5.15) did not differ significantly from the cootrgroup M = 47.88,SD= 8.75) on this
task,F(1,7) = 0.002ns n? = .00. As expected, there was no difference imphic
fluency for the bodybuilding and aerobic contréi§l,7) = 1.27ns n® = .15. Post hoc
comparisons revealed that the AAS group did ndedsgignificantly from the
bodybuilding controlsF(1,7) = 0.11ns, n? = .02] or the aerobic controlE(L,7) = 0.12,
ns, n=.02].

Verbal memory. The hypothesis that the AAS group would demonstiagber
scores on the RAVLT than the control group wassumported. There was no difference
in total recall scores for the AAS usel8 € 56.63,SD= 7.11) and controlg{ = 58.63,
SD=4.52,F(1,7) = 0.39ns n’ = .05. Both of the control groups also did nofetif

significantly on this task(1,7) = 0.21ns n? = .003. Based on post hoc comparisons,
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there were no differences between the AAS usershentdodybuilding controlH(1,7) =
0.50,ns, n? = .07] or the aerobic controlE(L,7) = 0.27ns, n? = .04].

Perceprual speed. The AAS group was expected to display higher scorethe
WAIS-III Digit-Symbol Coding subtest than the caritgroup. Contrary to this
expectation, the control groupl(= 86.88,SD= 8.21) obtained higher scores than the
AAS group M = 76.13,SD= 9.08) on this measur&(L,7) = 32.52p = .001,n* = .82)].
The bodybuilding controls did not differ signifiaginfrom aerobic controls(1,7) = .19,
ns, n® = .03. Post hoc comparisons indicated that ordyairobic group performed
significantly better than the AAS group(1,7) = 16.69p = .005,n* = .70. Although the
bodybuilding group obtained a higher overall scamehis measure than the AAS group,
this difference did not reach significan¢&{,7) = 3.17p = .12,n* = .31]. An outlier ¢=
-1.54) in the bodybuilding group likely had an inapan this score. When this outlier
was removed from the analysis, the groups diffemete expected directioffr(1,7) =
11.30,p = .015,n* = .65].

Motor speed. The hypothesis that the AAS users would completditie-motor
dexterity task faster with their dominant hand tig&ato the controls was not supported.
The AAS group = 61.63,SD= 5.61) and control group/= 60.81,SD= 5.27) did
not differ significantly on the Grooved Pegboarskid(1,7) = 0.06ns n? = .01. Both
control groups also demonstrated similar perforreanctthis variable;r(1,7) = 0.40ns,
n?=.05. Post hoc comparisons also revealed thaA8users did not differ
significantly from the bodybuilding control&(1,7) = 0.01ns n? = .001] or the aerobic

controls F(1,7) = 0.20ns n® = .03].
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Visuospatial working memory. The AAS users were expected to make fewer errors
on the SOPT as compared to the control group. Aljhdhe AAS userdM = 10.00,SD
= 6.85) made slightly fewer errors than the cost( = 12.44,SD= 2.68); there was no
significant difference between groug¥1,7) = 1.40ns n® = .17]. On the other hand, the
bodybuilding control group made significantly memeors on this task than the aerobic
control groupF(1,7) = 8.06p = .03,n* = .54. Post hoc comparisons showed no
differences between the AAS users and the bodyibgilcbntrols F(1,7) = 2.72ns n? =

.28] or the aerobic control&(1,7) = 0.34ns n? = .05].

Table 9. Descriptive statistics for cognitive measures

AAS users Bodybuilders Aerobic controls
Test measure (n=28) (n=28) (n=8)

M SD M SD M SD
Mental Rotation 10.75 3.41 14.25 3.77 14.25 3.11
Phonemic Fluency 47.75 5.15 48.88 10.15 46.88 7.92
RAVLT Total Recall 56.63 7.11 58.75 4.89 58.50 5.35
BVMT-R Total Recall 28.38 6.09 28.00 4.00 28.75 3.37
WAIS-III Coding® 76.13 9.08 85.25 15.10 88.50 11.55
Grooved Pegboard 61.63 5.61 61.88 7.59 59.75 6.54
SOPT Total errofs 10.00 6.85 13.75 3.01 11.13 2.95
WAIS-III LNS 13.25 2.49 13.25 2.87 13.63 2.13

Note RAVLT = Rey Auditory Verbal Learning Test; BVMT-R Brief Visuospatial Memory
Test-Revised; WAIS-III = Wechsler Adult Intelligem&cale-Third Edition; Coding = Digit-
Symbol Coding subtest; SOPT = Self-Ordered Pointiest; LNS = Letter-Number Sequencing
subtest.

®Lower values indicate better performance.
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Verbal working memory. The hypothesis that AAS users would obtain sigaifily
higher scores on the WAIS-III Letter-Number Sequegd¢ask than the control group
was not supportedr(1,7) = 0.05ns n” = .01. The AAS groupM = 13.25,SD= 2.49)
and the control grougM = 13.44,SD= 1.64) obtained similar scores. The bodybuilding
and aerobic controls also did not differ on thiskt&(1,7) = 0.08ns, n? = .01. Based on
results of the post hoc comparisons, there werdifferences in Letter-Word Sequencing
scores for the AAS users and bodybuilding contf®(g,7) = 0.00ns n? = .00] or the
aerobic controlsf(1,7) = 0.18ns n? = .03].

Exploratory Cognitive Analyses

Visuospatial memory. Given the evidence that testosterone supplementatio
improves spatial memory in healthy older men, is\wgpothesized that the AAS users
would obtain higher scores on the BVMT-R relatiwdltte control group. However, there
was no significant difference in the total recalbies between the AAS groud &
28.38,SD= 6.09) and the control grouM(= 28.38,SD= 2.03),F(1,7) = 0.00ns n® =
.00. Both of the control groups also did not diegnificantly on this tasks(1,7) = 0.12,
ns n® = .02. Lastly, post hoc comparisons did not derraresany significant differences
between AAS users and bodybuilding contrélgl[7) = 0.02ns n? = .003] or aerobic
controls F(1,7) = 0.02ns n® = .003].

Measures of testosterone and cognitive variables. The bivariate associations
between serum total testosterone and cognitiveomganeasures are shown in Table 10.
Only total testosterone was examined in this stluy/to unreliable measurements of free
and bioavailable testosterone for three AAS userd,a set value of <100 nmol/L for all

estradiol levels between 0 nmol/L to 100 nmol/L.ifcrease statistical power and the
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range of testosterone levels, all three particigaotips § = 24) and additional control
participantsii = 24), who were not matched but met study critasige from
testosterone levels, were included in the analyi® of the unmatched controls had
total testosterone levels falling just outside phgsiological range, three on the low end
(range = 8.8 t0 9.7) and two on the high end (ran8&.1 to 31.6). Hormone levels

ranged from slightly below the physiological rangesupraphysiological levels.

Table 10. Intercorrelations between serum total testosterone and cognitive measures

Test measure Pearson’s Product Moment Correlafipns
Mental Rotation -.18
Phonemic Fluency .03
RAVLT total recall -.14
BVMT-R total recall .03
WAIS-11I Digit-Symbol Coding -.18
Grooved Pegboard .03
SOPT total errors -.07
WAIS-11I Letter-Number Sequencing .01

Note RAVLT = Rey Auditory Verbal Learning Test; BVMT-R Brief Visuospatial Memory
Test-Revised; WAIS-IIl = Wechsler Adult Intelligem&cale-Third Edition; SOPT = Self-
Ordered Pointing Test.

As per Table 10, there were no significant assmriatbetween total testosterone and
performance on the cognitive tasks. In all caseseftfect sizes were small to

nonexistent. However, as research has suggeste@tipl curvilinear relationship
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between testosterone and cognitive abilities,whis also investigated. Graphical
inspection revealed no significant curvilinear tielaships between testosterone and
cognitive abilities. The largest relationship idget, albeit a statistically nonsignificant

effect ¢? = .10), was between testosterone and mentaloatéee Figure 3).

24
O controls
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Figure 3. Scatterplot of total testosterone levels and mental rotation scores with the best-

fitting function (IN = 48).

As there were only a few AAS users in the currémdys, there was little power to
reliably demonstrate whether a curvilinear relagitp exists between total testosterone
and cognitive abilities. Thus, this was examineidgienly matched and unmatched

control participants who met study criteria asiaerf testosterone levelll & 40).
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Overall, there were no significant linear or noahn relationships between testosterone
and cognitive abilities. However, a significant dretic effect was noted between total
testosterone and mental rotation performante (20,p = .02). This result is portrayed

in Figure 4.

Mental rotation
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Figure 4. Scatterplot showing relationship between total testosterone and mental rotation

scores (IN = 40).

Although the present study controlled for grougedénces in age, education, and
estimated verbal intelligence by matching two colstto each AAS user, the research
literature suggest that these factors might haviefarence on spatial ability. Age often

shows a negative relationship with spatial abgitpres in adulthood, and education and
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intelligence are positively associated with spadlaility. Trends were examined in the
current data set through correlational analysessaamatched groups. A pattern of
relationships is evident; age was significantlyretated with mental rotation, with scores
declining with advancing age € -.47,p = .02). Estimated intelligence had a moderate
effect on mental rotation performance=(.42,p = .04). There was a trend for individuals
with more formal education to obtain higher rawresmon mental rotatiom € .17,ns).
Overall, there were no significant age, educatorrestimated intelligence effects for any
of the other cognitive outcome measures. Howewgs showed a positive, significant
relationship with SOPT errors € .52,p < .01); older participants made more errors on
this task.

Profile analysis of cognitive abilities. As a female-typical pattern of performance
was expected in the AAS users (i.e., lower memtation with higher verbal fluency,
working memory, memory abilities, and perceptuatbmepeed), performance on all
cognitive outcome measures was examined in two AgiBg bodybuilders with the
highest total testosterone levels. Their cognipixafile was compared to the mean score
for the matched controls € 16), which is presented in Figure 5. Raw scoreiew
converted to standardized scores for ease of fagEm

As seen in Figure 5, overall results do not suggesinsistent pattern of performance
in the AAS users. Nonetheless, consistent withrdihdings in the current study, both of
the AAS users performed lower on the mental rotetiésk than the control group. Of
note, mental rotation scores of these two AAS uaere not impaired, as evidenced by

z-scores falling in the low average to average @ang
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Figure 5. Cognitive profile of matched control group and two AAS users with the highest

testosterone values as assessed by z-score performance.

Primary Psychological Analyses

As there were multiple variables testing the psimfioal hypotheses, they were
broken into three domains: (1) aggression (one rigad variable), (2) personality (four
dependent variables), and (3) body image and eattitgdes/behaviours (eight
dependent variables). Planned comparisons arerpeelsirst in each section. Post hoc
contrasts were run when a significant difference dantified for the initial analyses.

Aggression. The AAS group was expected to show elevated |exfedgigression as
compared to the averaged control group. Howeverettvas no significant difference in

the AQ total scores between the AAS groip< 70.25,SD= 15.35) and the combined
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control group 1 = 65.69,SD= 18.68),F(1,22) = 0.36ns n’ = .02. As expected, the
bodybuilding controlsNl = 72.63,SD= 22.77) and aerobic exercisekd € 58.75,SD=
10.95) did not differ in self-rated aggressive hatiar, F(1,14) = 2.41ns, n® = .15.

Some researchers argue that weight training migla potential confounding factor
when investigating the psychological effects of AA8ahrke & Yesalis, 1994). Thus, an
exploratory analysis was conducted to determinethvendoodybuilders as a group
endorsed higher levels of aggression than aerofgicisers. An alpha level of .025 was
selected to control for a Type | error. Althougk thodybuilders obtained a higher mean
score on the AQ than the aerobic controls, a oneANOVA failed to reach
significance F(1,22) = 3.08p = .09,n* = .12.

Personality. It was predicted that the AAS group would showated levels of
personality traits, specifically antisocial, obsesscompulsive, narcissism, and
neuroticism, as compared to the control group. &slze seen in Table 11, the AAS users
obtained higher mean scores than both of the dagrtoaps on all the personality scales.
However, these groups did not differ significarftly obsessive-compulsive traits:
F(1,22) = .42pns n® = .02; narcissisn(1,22) = 1.25ns n? = .05; or neuroticism:
F(1,22) = 1.22ns n? = .05. There was a statistically significant graiffect on the
antisocial personality disorder scal],22) = 4.78p < .04,n° = .18], with the AAS
users reporting more antisocial traits than thagéé control group. As the statistical
power was low, post hoc tests failed to show aggicant differences between AAS
users and bodybuilding controB([L,14) = 2.76p = .12,n° = .17], or AAS users and
aerobic controlsf(1,14) = 3.09p = .10,n? = .18]. Lastly, there were no significant

differences between the bodybuilding and aerobitrobgroups on the antisocial,
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F(1,14) = 0.08ns n? = .01; obsessive-compulsiig(1,14) = 0.15ns n® = .01;
narcissismF(1,14) = 0.09ns n? = .01; or neuroticisnf(1,14) = 0.02ns n® = .00,

subscales of the OMNI Personality Inventory.

Table 11. Descriptive statistics for OMNI Personality Inventory scales

AAS users Bodybuilders Aerobic controls
Test measure (n=28) (n=28) (n=8)

M SD M SD M SD
Antisocial 21.00 7.11 16.25 3.85 15.63 4.93

Obsessive-Compulsive  26.00 5.66 23.88 5.38 25.00 6.05
Narcissism 305.88 44.17 288.88 51.85 282.63 27.61

Neuroticism 288.88 69.31 260.13 64.89 255.38 65.58

Body image and disordered eating. Table 12 presents the means and standard
deviations for each group on the body image andgadisorder inventories. It was
hypothesized that the bodybuilding group (AAS userd bodybuilding controls) would
exhibit greater body image dissatisfaction, andrdisred eating attitudes and behaviours
than the aerobic exercisers. As expected, signifiddferences were found for the drive
for muscularity F(1,22) = 10.13p = .004,n* = .32] and the drive for ton&(1,22) =
10.46,p = .004,n* = .32]. The bodybuilders reported a greater ddsirenuscularity and
a toned body as compared to the aerobic exerciBess.hoc comparisons indicated that
both the AAS users and bodybuilding controls scdrigtier on the drive for muscularity
scale than the aerobic exerciséid,,14) = 9.78p = .007,n* = .41;F(1,14) = 7.10p =

.02,n” = .34, respectively. However, only the bodybuitdzontrol scores on the drive
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for tone scale were significantly higher than thivsthe aerobic groug1,14) = 9.96p

=.007,n” = .42], with the increase in AAS users’ scoresrapphing the more stringent

alpha level correctiorf|(1,14) = 5.95p = .03,n? = .30].

Table 12. Descriptive statistics for body image and eating disorder scales

AAS users Bodybuilders Aerobic controls
Test measure (n=28) (n=28) (n=8)

M SD M SD M SD
Drive for Muscularity 61.13 17.71 53.50 12.12 38.00 11.12
Drive for Tone 14.25 6.56 14.88 4.61 6.88 5.49
MBRSQ AE 3.43 0.63 3.79 0.36 3.86 0.43
MBRSQ AO 3.55 0.26 3.21 0.59 2.95 0.69
MBRSQ BAS 3.49 0.56 3.39 0.75 3.67 0.32
EDI Drive for Thinness  7.38 6.29 4.75 3.92 3.38 3.82
EDI Bulimia 2.75 2.87 0.88 1.46 1.38 1.30
EDI Perfectionism 9.63 2.45 9.25 2.55 8.00 3.74

Note.MBSRQ = Multidimensional Body Self-Relations Questiaire; AE = Appearance

Evaluation subscale; AO = Appearance Orientatidissale; BAS = Body Area Satisfaction

subscale; EDI = Eating Disorder Inventory-Third titafi.

In contrast, the bodybuilders and aerobic exersidat not differ significantly for

overall appearance satisfacti¢f{1,22) = 1.34ns n” = .06; investment in appearance:

F(1,22) = 2.17ns n? = .09; satisfaction with specific body areBél,22) = 0.89ns n® =

.04; drive for thinnesg$%(1,22) = 1.65ns n? = .07; bulimic tendencie(1,22) = 0.23,

ns, n = .01; or perfectionisnf(1,22) = 1.30ns n’ = .06. Planned comparisons between
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AAS users and bodybuilding controls also indicatedignificant differences on any of
the body image and eating disorder variables.

Psychological profile. Although it is interesting to investigate groupferences, it is
also important to determine whether the groups destnated clinically significant levels
of aggression, personality traits, body image diisisection, and disordered eating
attitudes/behaviours. Mean scores of the AAS gangpboth control groups were
compared to normative data published for thesees¢@uss & Warren, 2000; Cash,
2000; Garner, 2004; Loranger, 2001). Overall, meames for aggression, personality,
and MBSRQ scales fell within the average rangalfiathe groups. Mean raw scores of
study participants on the EDI-3 drive for thinndssljmia and perfectionism subscales
were lower than the male clinical sample, and sintid those of the male nonclinical
sample. On the other hand, mean scores for dlleoftoups in the current study were in
the high average range for the narcissism factosle. Since the groups exhibited high
levels of narcissism, the principal investigatoaeined whether the OMNI narcissistic
personality disorder scale (which is a subset @éwrcissism factor subscale) was also
elevated. Mean scores for all of the groups fdblwea T score of 70, suggesting no
clinically significant personality dysfunction.

As the EDI-3 scaling was used for the Drive for @®cale in the current study, we
were unable to compare scores to a previous sthdigfield et al., 2006). The Drive for
Muscularity Scale has not been normed, thus infoomdrom previous studies was used
for comparison purposes. Although the mean foredfor muscularity of the aerobic
group was almost identical to male averages regantether research studies, the AAS

users and bodybuilding controls demonstrated higtean scores on this scale (e.qg.,
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Davis, Karvinen, & McCreary, 2005; McCreary, Sauc& Courtenay, 2005). These
studies investigated drive for muscularity in geheniversity samples. Wojtowicz &
von Ranson (2006) found higher levels of driverfarscularity in male weightlifters
=50.7,SD= 9.5) than non-weightlifters = 41.0,SD= 9.4) in a university sample. For
the current study, mean scores for the bodybuildorgrols were more consistent with
the male weightlifters; however, the AAS group algd higher scores (Wojtowicz &
von Ranson, 2006).

The psychological profile of participants with mplé clinical scores was also
explored. Most participants exhibited fewer thao ®levations on the scales, specifically
personality, drive for muscularity, appearance eatbn, and body area satisfaction.
Although perfectionism raw scores of 13 particigai@ AAS users, 5 bodybuilding
controls, 2 aerobic exercisers) fell in the ‘typicknical range’, a score in this range was
common among male adults from the nonclinical seng@larner, 2004). These scores
were not considered clinically significant, andgtwill not be discussed further in this
section. Three AAS users and one bodybuilding cbetxhibited three or more elevated
scores; each psychological profile will be discadseefly.

One AAS user obtained high scores on subscaldsufonia, body area
dissatisfaction, as well as antisocial, narcissistnd neurotic personality traits. He
reported frequent binge eating episodes with fgstitevated scores suggest the
possibility of clinically significant antisocial dmarcissistic personality traits (T scores >
70). Although depression was not investigated endinrent study, he reported
depressive symptoms associated with body imagertetces both during periods of

AAS use and non-use. This individual also repotied AASs amplify his negative body
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image concerns, which was described as “body dysiner’ He described prior
symptoms of depression related to teenage obesitythus uses AASs to help combat
obesity.

The second AAS user endorsed some weight preodonatd overeating
tendencies, with higher levels of drive for muscdtyaobsessive-compulsive and
narcissistic personality traits. This participagtently increased his aerobic activity and
changed his diet (high protein, low carbohydratesdse weight for the summer, as he
would like to be “ripped.” The third AAS user wassted on and off steroids. He
endorsed higher levels of general aggression,ailsand narcissistic personality traits
during his second cycle. An elevated score sugdlestsossibility of clinically
significant antisocial personality traits (T score$0). In discussions with the
investigator, he also reported increased irritgbikihile on steroids. When tested “off
steroids”, his scores for general aggression, @ariaband narcissistic personality traits
were lower, although still within the high to abaaeerage range.

Lastly, one bodybuilding control also demonstrdiggh levels of aggression, drive
for muscularity, body area dissatisfaction, anctisarstic personality traits. This
participant indicated that they would like a “maailpted physique.” Of note, he
reported a history of adult ADD, as well as symptéarhdepression and anxiety in the
past. Although he has never taken AASs, he is densig taking them to increase

muscularity and reduce the effects of aging oroststone levels.
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Discussion

This exploratory study investigated the effectexdgenous steroids on sex-related
cognitive abilities in male bodybuilders who use $A To date most research has
focused on the anabolic properties and short-teatti risks of AAS use. In contrast,
there is very little known about the cognitive ftinning of men who use high doses of
exogenous testosterone and/or synthetic steroidie bbdybuilders were selected as the
most appropriate athletic population to study ctgaieffects, as bodybuilders frequently
use combinations of AASs in large doses, well alibeeherapeutic range, to enhance
lean muscle mass and strength. Based on revieleditérature, this appears to be the
first study to examine the effects of non-medicAlSAuse on cognitive abilities in male
bodybuilders. The second part of the study invastig the psychological functioning of
male bodybuilders who use AASs. Research elucigdltia psychological effects of
exogenous steroids has been less extensively dttidia those reporting short-term
health risks, showing inconsistent findings abagrassion, personality traits, body
image disturbances, and disordered eating.

To assess group differences on the primary cognitipotheses, the bodybuilding
and aerobic controls were combined as there wesggmificant differences in
testosterone levels. Based on the primary psychwdblyypotheses, control groups were
combined for the aggression and personality vagglAs bodybuilding rather than AAS
use was expected to influence body image and edisogder variables, the bodybuilding
groups were combined for these analyses.

Cognitive Findings
Based on available evidence of intra- and inteividdal variations in circulating

testosterone levels, and that controlled exogetesiesterone supplementation might
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modify cognitive patterns in clinical populationsdahealthy men, it was hypothesized
that the male bodybuilders who used AASs would destrate a shift towards a female-
typical pattern of cognitive performance. Specificat was expected that the AAS users
would obtain higher scores than the control pgréiots on verbal fluency, verbal and
spatial working memory, memory for verbal and vispatial information, as well as
speeded perceptual and motor tasks. On the othel tiee AAS users were expected to
obtain a lower score on mental rotation relativéhecontrols.

Overall, the findings of the present study did sigbport the predicted female-typical
cognitive profile. For the majority of tasks, mgarformance did not differ significantly
between the AAS users and the controls. The grobf@ned similar scores for verbal
fluency, working memory, memory abilities, and fimator dexterity. However, as
hypothesized, the AAS group obtained lower scorethe mental rotation task than the
combined control group. Contrary to what was exgebcthe AAS group also scored
lower on the WAIS-III Digit-Symbol Coding task asmpared to the controls. Cognitive
profile analysis of the two AAS users with the heghtestosterone levels also supported
most of these findings. The results did not suggestiable female-typical pattern of
performance. Nonetheless, both of the AAS useneddower on the mental rotation
task than the matched controls.

Post hoc comparisons shed further light on theifsignt group differences. When
analyzed separately, only the aerobic controlsiobtbstatistically higher mean scores on
mental rotation and Digit-Symbol Coding than the®\Asers. Although the mean scores
did not differ significantly, there was a similaend for the AAS users to score lower on

both tasks than the bodybuilding controls. One axgtion is that outliers had an impact
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on these results. For example, one bodybuildeescmuch lower than his fellow
participants on mental rotations, whereas one A8& acored much higher than the
other participants in his group. An outlier in thedybuilding group also scored lower on
the perceptual speed task. Using the mean scavesaitre two control groups had the
advantage of providing more statistical power asgared to each separate analysis.

Additional planned analyses on cognitive outcomasuees suggested that the
bodybuilding and aerobic control groups performiedlarly on the tasks. An unexpected
finding was that the bodybuilding controls made enorean errors on the visuospatial
working memory task than the aerobic exercisemsmFa statistical perspective, the two
control groups have a much smaller variance ont#isis than did the AAS group.
Although the AAS group has the smallest mean raaesof all the groups, it also has a
large confidence interval that includes the medrieetwo control groups. When all
control participants who met inclusion criteria weonsidered, scores indicated a great
deal of interindividual variability on this taskafrge = 2 to 19).

In addition to determining whether there are grdifferences on cognitive
measures, another method to assess whether a lohasran influence on cognition is
to relate serum hormone levels to cognitive pertoroe. When all three participant
groups and unmatched control participants who toetyscriteria aside from testosterone
levels were included in the analysis, it was fothmt total testosterone was not
significantly correlated with performance on anytlté cognitive tasks. Due to a small
sample of AAS users in the current study, this migtve limited the power to observe a
relationship between testosterone levels and degrabilities. Therefore, further

analyses were conducted using only matched andtahethcontrol participants who
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met study criteria aside from testosterone lev@ierall, there were no significant linear
or nonlinear associations between testosterone@guitive abilities. However, a
significant quadratic (inverted U-shaped) relatlipsvas noted between circulating total
testosterone levels and mental rotation. It apptbatsintermediate concentrations of
testosterone within the physiological range welatee to better performance on the
mental rotation task, with lower performance reddi® both decreases and increases in
serum testosterone levels.

Mental rotation performance in the current studstisngly supported by a
combination of previous research. The literatuiggests that gonadal hormones,
particularly androgens and estrogens, might mambfynitive patterns in adulthood. Sex
differences have been reported in specific cognililities, such as three-dimensional
mental rotations. On average, men outperform woomemental rotation, a task that
consistently shows one of the largest effect gjzes & Peterson, 1985; Voyer et al.,
1995). Diurnal and seasonal intraindividual vaoiasi in serum testosterone
concentrations in adult males have been assoamteathanges in spatial performance
(Kimura & Hampson, 1994; Moffat & Hampson, 1996peSifically, men performed
better on spatial tasks later in the day or inrgprivhen testosterone levels were lower.
Clinical studies have also shown modificationspatgal performance with testosterone
supplementation. Female-to-male transsexuals wivem gndrogen treatment exhibited
improvements on a mental rotation task (Van Goeateat., 1994, 1995). These findings
are also consistent with the effects of short-tergtosterone supplementation in older
men, which raised endogenous testosterone levelstawed improvements in spatial

abilities (Cherrier et al., 2001; Janowsky et B994). Lastly, a randomized placebo-
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controlled study examining the effects of admimistm of a moderately
supraphysiological dose of testosterone on cognftimctions in healthy eugonadal men
found an associated decrease in spatial abilit¢¢@hor et al., 2001).

Functional neuroimaging studies have demonstratgdgséion in various regions of
the brain. Most studies have shown bilateral atibwa in the superior parietal lobe,
suggesting that this area plays an essential maieeintal rotation performance (e.g.,
Cohen et al., 1996; Richter et al., 2000; Tagara.e1996; Tagaris et al., 1997).
Although the parietal cortex is the most robust emasistently activated area, studies
have shown that other cortical areas are alsoaetivduring mental rotation
performance. For example, various regions of tbetél cortex have been shown to be
activated during mental rotation performance (Coéteal., 1996; Richter et al., 2000).

The present study also provided support for thetertce of a curvilinear relationship
between spatial ability and total testosteroneghtrhanded healthy men who did not use
AAS. As there were only a few AAS users in the entrstudy, there was little power to
demonstrate a curvilinear relationship. The redebterature is contradictory about the
relationship between circulating testosterone keaeld spatial abilities in men. Taken
together, findings from hormone studies investigatlinical populations and normal
healthy men suggest that a curvilinear relationshight exist, such that optimal
expression of spatial ability is associated witieimediate levels of circulating
testosterone. It is important to note that the iimear relationship in the current study
was identified for right-handed men. Thus, thigtiehship might not generalize to left-

handers.
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Even though the current study found that the AA&sisbtained lower scores on the
Digit-Symbol Coding subtest than controls, coriielal analyses did not find any
significant linear or nonlinear relationships withal testosterone. It is possible that the
effects are mediated through other gonadal hormaues as estradiol. As Digit-Symbol
Coding requires adequate spatial skills and the® avstrong positive correlation
between this task and mental rotation, spatialtglmiight be mediating the effect.
Another possibility is that there is an underlyingfficiency to process visual
information quickly, resulting in decreased perfarmoe on the speeded perceptual task
and mental rotations. In a placebo-controlled stoglipaly and colleagues (2003), men
who received moderately supraphysiological dosesathyltestosterone reported
increased distractibility and forgetfulness (Dalyk, 2003).

As this study only considered the cognitive effaafttotal testosterone, the data do
not preclude a relationship between other gonagla@hbnes and cognitive abilities. For
example, estradiol levels in healthy young men viewed to be positively associated
with two measures of immediate visual memory (KamgeSherwin, 1996). In addition,
the mechanisms of action for the effects in theasurstudy cannot be adequately
addressed. Testosterone could exert its effeasttirthrough androgen receptors in the
brain, and/or indirectly through aromatization stradiol with a subsequent effect via
estrogen receptors in the brain. A recent animalystlso found evidence that the
5a-reduced androgen, DHT, might enhance cognitiveopaance (Frye, Edinger,
Seliga, & Wawrzycki, 2004). Shute and colleagu€@88) argued that only free
testosterone, not the bound form, can pass thel#icain barrier and hence potentially

exert its influence on androgen receptors in tlanbthat are associated with cognitive
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function. Although the current study included nplki hormone measurements (i.e., free
testosterone, bioavailable testosterone, totahdistl, these were not included in the data
analyses due to reliability concerns. Thus, fusititelies should include different
measures of testosterone (total, free, bioavalilard its metabolites (estradiol, DHT).

Several potential confounding variables known ftuence hormone levels were
addressed in the current study (i.e., alcohol/drpggsical and sexual activity). In
addition, the present study controlled for groujiedences in age, education, and
estimated verbal intelligence by matching two calnparticipants to each AAS user.
Although data analyses did not show any group iiffees on these variables, mental
rotation scores were negatively associated to ageasitively correlated to estimated
intelligence. Other factors might also have infloesh the results, such as nutrition, use of
dietary supplements, and sexuality.

Based on the results of this study, there are pleltines of evidence to suggest that
high doses of exogenous testosterone and/or symgtetoids might modify spatial
ability in males. The mechanisms of action for #fiect were not addressed in this
study. In addition, it is uncertain whether chroadministration of supraphysiological
doses of AAS results in transient or permanent geain neural organization and
cognitive behaviour.
Psychological Findings

Based on available evidence, it was hypothesizadntale bodybuilders who use
AAS would demonstrate elevated levels of genergtesgion and certain personality
traits (antisocial, narcissistic, neurotic, obsessiompulsive) relative to non-AAS using
men. As the goal of bodybuilding is to shape théyhiato the mesomorphic

sociocultural ideal, this drive might foster incsed preoccupation and criticism of one’s
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physical appearance possibly leading to body intkggatisfaction and abnormal eating
patterns. Thus, it was expected that bodybuildess group, would exhibit elevated
levels of body image disturbances and disordergdgeas compared to the aerobic
exercisers. All psychological measures administerete current study were self-report
inventories.

In discussing the psychological results obtainetthéncurrent study, findings
regarding the main hypotheses and how they redateetliterature will be addressed
first. Following this, a discussion of the resyemerated from exploratory analysis of the
psychological profiles of AAS users will be presahin order to provide a more
comprehensive understanding of the nature of fisichological and behavioural
characteristics.

Aggression. In contrast to predictions, there were no signiftagifferences in
general aggression between the AAS users and ¢gntnaps. To control for the
potential confounding factor of weightlifting, thedybuilding groups (AAS users and
bodybuilding controls) were combined to determirfeethher bodybuilders as a group
would endorse higher levels of aggression thanbeeexercisers. This difference failed
to reach significance, although there was a trendhie bodybuilders to exhibit elevated
levels of aggression as compared to the aerobicieres. As compared with the
normative sample (Buss & Warren, 2000), two bodiglaus, one in each group, reported
higher scores for general aggression.

Aggression or ‘roid rage’ is one of the most widplyblicized behavioural effects of
AAS use. Animal studies provide strong evidenca pbsitive relationship between

exogenous testosterone administration and aggeebsivaviour in rodents (e.g., Farrell
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& McGinnis, 2003; Lumia et al., 1994; Melloni et,&997). Nonetheless, caution must
be exercised when drawing conclusions from anirualies about psychological effects
in humans. Anecdotal and case reports suggeshitffatdoses of AASs might result in
highly aggressive and violent behaviour (e.g., P&péatz, 1990). Research studies
using standardized rating scales with athletesiatficate, on average, significantly
higher levels of self-rated aggression during kiof AAS use (e.g., Choi et al., 1990;
Choi & Pope, 1994; Parrott et al., 1994; Yated.et1992).

Based on the available evidence in the literaitiagpears that non-medical use of
high doses of AAS is associated with marked aggress some individuals. It is
possible that supraphysiological doses of AASs fawe threshold for aggressive
behaviour in individuals with an underlying gengiredisposition. Premorbid personality
traits or psychiatric disorders, environmental gbads, and psychosocial stress likely
interact in the expression of dysfunctional hastiind aggression. Animal researchers
have found that the behavioural effects of AASseanmediated by an animal’s social
status (e.g., Rejeski, Gregg, Kaplan, & Manuck,Q)98pecifically, injections of
exogenous testosterone increased aggressive bahainalominant monkeys, but
increased submission in the subordinate monkeyss,Tdgenetic vulnerability when
combined with a sufficiently stressful environmamight increase the probability that an
AAS user becomes aggressive or violent.

The present study does not support previous firgdihgt exogenous steroid
administration is associated with increased aggresalthough most of the
bodybuilders in the current study used multipleats in high doses, overall scores fell

in the average range for aggression as compaithe teormative sample. An aggressive
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attitude is often valued in many strength sporntsl, &@hen directed appropriately could
result in greater gains in athletic performanceusiimild levels of aggression might
facilitate more frequent and intensive weight tiragnsessions.

Personality. As predicted, AAS users reported more antisocadsithan the
combined control group. However, as the statisppcaver was low, post hoc tests failed
to identify significant differences in antisocigits between the AAS users and each
separate control group. Mean score for the AAS grauthe antisocial personality
disorder scale suggests no clinically significagtspnality dysfunction. However, three
AAS users scored above a T score of 70, suggetstengossibility of clinically
significant antisocial personality traits. Nonetloé controls showed significantly
elevated scores on this scale.

There were also trends for the AAS group to shawvaikd levels of obsessive-
compulsive, narcissistic and neurotic personatdits as compared to the non-AAS using
active males; however, differences in mean scaceaat reach statistical significance.
When compared to the normative sample (Lorang€] R@ll of the current study
groups reported high levels of the narcissism petsy trait. Nonetheless, mean scores
do not suggest a clinically significant personatlitgturbance. Only one participant, an
AAS user, reported an elevated score on the naticspersonality disorder scale.

Although the majority of AAS users did not exhialinormal personality traits, a few
AAS users showed elevated scores on the antig@8&b) and narcissistic (13%)
personality disorder scales. It is possible thatesof the other personality disorder scales
were also elevated; however, they were not analystte current study. Other studies

have shown a higher prevalence of personalitystiaitnale strength athletes using
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AASs. Cooper et al. (1996) found higher levelslmi@mal personality traits, such as
antisocial and narcissistic, in bodybuilders dunegiods of AAS use as compared to
non-AAS using controls. In another study by Yated eolleagues (1990), AAS-using
weightlifters displayed significantly more clus&ipersonality traits (75%) than non-
weightlifting community controls. Similar to thercant study, there was a higher
prevalence of antisocial traits in the AAS use&% than the community controls (0%).
However, the finding appears to be due in partueemghtlifter group membership, as the
non-AAS using weightlifter controls also had highates of Cluster B traits than
community controls.

As this study did not control for premorbid persidgaraits, it is uncertain whether
these characteristics are longstanding concernsecupient to exogenous steroid
administration and/or exacerbated by AAS use.droas-sectional study, 1 in 3 AAS
users satisfied diagnostic criteria for at least parsonality disorder prior to AAS
exposure (Cooper et al., 1996).

Use of multi-methods, including a self-report int@y to screen for personality
disorders and a semi-structured clinical interviewonfirm diagnoses, is recommended
to increase validity of an assessment. Althouglatarial information would also be
helpful in confirming premorbid and current psy¢hi@history, this would likely prove
to be a difficult task as some of the AAS userghacurrent study had not informed their
significant other of their AAS use. Longitudinalidtes using each participant as his own
control, comparing symptoms during steroid use wsyimptoms during non-steroid use,
might also help in distinguishing chronic traitatlare attributed to a personality disorder

and transient states that may improve with noregtarse.
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Body image and eating disorders. As predicted, bodybuilders as a group
demonstrated a greater desire for muscularity aoded body as compared to the
aerobic exercisers. When analyzed separately,thetAAS users and bodybuilding
controls desired greater muscularity than the aemintrols. However, only the
bodybuilding controls obtained a statistically heglscore on the drive for tone scale than
the aerobic exercisers. There was a similar trenthe AAS users to report higher drive
for tone, though this did not reach the stringdpiha level correction. Using the mean
score across the bodybuilding groups provided ergthpower to detect statistical
differences. When compared to results of previdudiss, the AAS users and
bodybuilding controls demonstrated a greater désirenuscularity as compared to male
university students (e.g., Davis et al., 2005; My et al., 2005). On the other hand,
when compared to a male weightlifting group (Wojin& von Ranson, 2006), only the
AAS users obtained a higher mean score.

In contrast to predictions, the bodybuilders ascaug did not differ significantly
from the aerobic exercisers on any of the otheyhbdge or eating disorder measures.
Planned comparisons of the AAS-using bodybuildagsraon-AAS using bodybuilders
provided a validity check of the appropriatenessarhbining the bodybuilding groups.
Results showed no significant group differencesaimyof the body image and eating
disorder measures. When compared to normativepddiigshed on these scales, mean
scores for the MBSRQ subscales fell within the agerrange for all the study groups
(Cash, 2000). Study participants in all groups atsared in the normal range for the
male nonclinical sample (Garner, 2004).

Results of the current study are partially supgbhig previous research. In the
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current study, the high drive for increased musaylaombined with the desire for a
well-toned body reflects the characteristic staddan bodybuilding: the pursuit of a lean
and hypermesomorphic ideal. A bodybuilder’s drivelévelop a lean and muscular
physique might foster increased preoccupation aitidism of one’s physical
appearance, possibly leading to body dissatisfaeti@ abnormal eating patterns.
Hausenblas & Carron (1999) identified more bulisund drive for thinness
symptomatology in male athletes involved in aesthatd weight-dependent sports.
Based on elevated eating disorder scores in malgbodders and men with a previous
history of obesity, Franco and colleagues (1988psested that males who are
overinvested in their body and physical appearaneet greater risk for developing
eating disorders. Bodybuilders often engage itsiveight training regimens, dieting
and weight loss practices, and supplementation vatlous ergogenic aids to develop
the mesomorphic ideal. An uncontrolled study dertrated higher rates of food and
weight preoccupation, and more extreme dietarytjpes amongst competitive
bodybuilders (Andersen et al., 1995). Nonethelesstrolled studies investigating body
image dissatisfaction and disordered eating in haty/builders have shown inconsistent
findings.

Blouin & Goldfield (1995) found that male bodybweid demonstrated greater body
dissatisfaction with a higher drive for bulk andhtress, bulimic tendencies, and elevated
feelings of perfectionism relative to other maleletes. When investigated further, it was
found that the male bodybuilders who used AASsnteplagreater drive for muscle bulk
and bulimic tendencies than the non-AAS using badgbrs. In another study, male

bodybuilders, who are current and ex-AAS userg,esthigher for drive for thinness and
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a modified version of the EDI body dissatisfactsmale than those in the non-AAS using
aerobic and bodybuilding groups (Cole et al., 2008@netheless, only the ex-AAS users
scored higher for bulimic tendencies and perfe@imrthan non-using male bodybuilders
and aerobic trainers. Marked pathological preoctapavith muscularity and physical
appearance is termed “muscle dysmorphia” (Popk,&t9®7). Male weightlifters with
muscle dysmorphia differed significantly from ndnaal comparison weightlifters in
terms of body dissatisfaction, eating attitudesyplence of AAS use and lifetime
prevalence of mood, anxiety and eating disordeits, thve nonclinical weightlifters
showing little pathology (Choi et al., 2002; Olidax et al., 2000).

Although results of the present study also sugs@sie body weight concerns in the
bodybuilding groups, in particular a drive for mukseity and a well-toned body, there
were no significant differences between the AASsis@d bodybuilding controls.
Neither bodybuilding group in the current studyasbéd higher scores on the body
image measures (e.g., MBSRQ subscales) then tbbia@xercisers. Although several
studies have identified abnormal eating patterrisofybuilders, the current study did not
show any group differences in drive for thinnessirnbic tendencies, and feelings of
perfectionism. Both of the bodybuilding groups @edobic exercisers in the current
study also scored in the normal range for the ERb#8clinical male sample (Garner,
2004). Another study found similar results: meaores on the EDI-2 did not suggest
increased eating disorder tendencies in a groupaté recreational and competitive
bodybuilders as compared to male controls (Ander8ager, Hetzler, Nahikian-Nelms,
& Syler, 1996).

The majority of AAS users and bodybuilders in tihesent study exhibited minimal
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psychopathology as measured by self-report invesgtoHowever, there was a subgroup
of bodybuilders, comprised of 3 AAS users and lybodding control, who exhibited
significant psychological disturbances. A psychatabdisturbance was identified as
three or more elevations on the psychological scétsychological profiles differed
between these bodybuilders, with elevated scoregdioeral aggression, personality,
body image, and/or abnormal eating patterns. Alghamany researchers attribute the
psychological effects to AAS use, it is importamtonsider potential premorbid factors.
For example, one AAS user reported a history afdge obesity and depression, with
likely longstanding concerns with body image. Hertstd using AASs to combat obesity,
and the steroids have reportedly amplified his tiegdody image concerns. In addition,
a semi-structured diagnostic interview might hadentified additional pathology in the
current sample.

Limitations of the Current Study

Interpretation of the results should be considarembnjunction with the associated
methodological limitations. Limitations of the pesd study involve three main concerns:
(1) nature of the sample, (2) reliability and valicbf self-report, and (3) reliability and
validity of outcome measures.

Nature of the sample. When discussing generalizability of the findind® size and
characteristics of the sample need to be considéreéde current study, the sample size
was very small due to stringent study criteria difficulties in participant recruitment.
This small sample size might have limited the &pib detect small but important
changes in cognitive and psychological variablekil&\inclusion and exclusion criteria

might have potentially affected the external vaidif the study findings, these criteria
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were necessary to rule-out potential confoundirfigegd of medical and psychological
abnormalities on cognitive functions. Additionaldies conducted with larger sample
sizes are needed to clarify the effects of non-c@®dAS use on cognitive abilities and
psychological characteristics in male bodybuildeesger samples are also necessary as
the effect sizes are likely to be small due todigaificant overlap in cognitive
performance between men with similar educationiatedlectual abilities.

Recruitment of AAS users for the study was an anduask. Participation rate was
likely limited in part to concerns regarding coidiality and potential legal
ramifications of admitting AAS use. For examplemsoAAS users questioned the
legitimacy of the research project on an intermettipg, commenting that it might be a
front for a ‘sting operation.’ This reluctance tarficipate might have led to a selection
bias in the AAS group, with study participants lgemore open about their AAS use. It is
also possible that AAS users with less prominegtipspathology volunteered for the
study. Other studies have reported similar difiegl with recruiting AAS users (e.g.,
Cole et al., 2003; Fudala et al., 2003). Obtairmagtrol participants was more
straightforward by comparison.

Other patrticipant specific factors that could dlswe influenced the results were
prior clinical concerns such as depression andiriety, attention deficit disorder
(ADD), and traumatic brain injury or concussions/orbodybuilders (one in each group)
described prior anxiety and/or depressive symptamd,the bodybuilding control also
reported a diagnosis of adult ADD. They also regubttigher levels of psychological
symptoms on some objective measures in the custedy. For the AAS user, it is

difficult to differentiate the effects of AAS froims prior psychological history.



144

However, while having experienced blows to the head relatively common among
study participants in each group, no one had atyistf a head injury in the moderate to
severe range.

Although the principal investigator attempted torugt competitive bodybuilders for
the current study, recreational and competitiveybadders were included in both
bodybuilding groups due to difficulties with redment. Bodybuilders in the current
study described weight lifting for primarily hypesphy or strength purposes, and
showed more dependence on the social aspects ghbititing training. However, a
distinction among subgroups of bodybuilders mig#ptio differentiate inconsistent
findings in the literature concerning aggressionsate dysmorphia, eating disorders, and
personality traits.

The current AAS regimens varied widely betweenipigdnts, such as types,
combinations, dosages, and patterns of use. A mazéd controlled design would allow
for standardization of steroids across participamisimizing ambiguity about the source
of group differences. However, this is at a loseadlogical validity because it does not
represent non-medical steroid use in the bodymgldommunity. Most clinical studies
examine the effects of a single AAS at therapeadgages, which is typically less than
doses used by bodybuilders. Thus, clinical studiesunable to identify the extent of
actual side effects. As previous research studigs found increased frequency of
physical and psychological side effects with supyalogical doses of testosterone
and/or synthetic steroids (e.g., Pagonis et a06p0t is unlikely that steroid regimens
commonly used by strength athletes could be usehgrterm clinical trials. Thus,

findings from naturalistic studies provide an imjaot complement to randomized
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clinical trials. The steroid regimens of bodybuislén the current study closely
approximate non-medical patterns described by adsmarchers (e.g., Fudala et al.,
2003; Pagonis et al., 2006).

Reliability and validity of self-report. There are often inherent methodological
limitations in using self-report measures to docaohu#ug use. These methods rely on
valid self-reporting of sensitive behaviour, whitlay generate inaccurate reporting.
Although assured confidentiality of the currentdstgshould minimize the incentive to
exaggerate usage by bragging or failing to disch&8 use by the control participants,
dishonest positive and negative responses canrfatipexcluded.

Bodybuilding is a unique sport in that AAS are varych a part of the bodybuilding
culture. Since steroids are an accepted aspekisofport and are only banned from
‘natural’ bodybuilding competitions, it was initialfelt that bodybuilders would be more
willing to discuss their steroid use. However, dudifficulties with recruitment, the
principal investigator recognized that being a pathe ‘subculture’ is likely an
important aspect of gaining trust among AAS usalthough only a few AAS users
participated in the study, it was felt that theyr&epen about their drug use as suggested
by their willingness to participate and their irstrin learning about the study. In
addition, the hormonal profile of the AAS users wassistent with the use of exogenous
steroids, thus providing indirect validation of @mt AAS use.

Overall, self-report methods help to delineatdwadts and behaviours among AAS
users. Some research studies have found no intemsiss between self-reported AAS
use and urinalysis, suggesting that self-reportirtig a reliable measure in this context

(Bond et al., 1995; Pope and Katz, 1994). Howeawenalysis would have greatly
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enhanced confidence in the accuracy of self-rapdsboth the AAS users and controls.
The dosage or identity of the self-reported drugys @nly be confirmed by objective
measurement of these substances. As several badigtsubbtained their AAS from the
“black market”, the potency and type of drugs migbt be what they think they are
taking. In a recent study, high performance ligghdomatography using mass
spectrometry detection was used to ensure theityatifisteroids that were of unknown
origin and/or were purchased from the black mafRagonis et al., 2006). These
researchers identified a large group of individwett® thought they were using AAS, but
in fact were only using placebo drugs. Urinalysigimalso identify other active steroids
or performance-enhancing drugs besides those szpbytthe participant. Although
urine testing would be the best confirmatory apphohis was not feasible in the current
study as it is an expensive method of AAS detectdometheless, researchers should
consider including urinalysis as an objective measfi AAS use.

Reliability and validity of outcome measures. The significance of study results also
depends on the reliability and validity of outcomeasures. Overall, the psychometric
properties of the cognitive and psychological measwere adequate. Although the
principal investigator chose cognitive measureslthge shown sex-related differences,
some of these measures might not have been sernsitdetecting subtle cognitive
changes. It is also possible that the effects oSA#e not limited to tasks where there are
observed sex differences. For example, in a rarmesngontrolled study, men receiving
moderately supraphysiological doses of testostergperted increased symptoms of
distractibility and forgetfulness (Daly et al., Z)0It is possible that AAS might have a

generalized effect on cognitive functioning, sustreducing attention.
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Inclusion of a semi-structured diagnostic intervieauld have been helpful in
clarifying the nature and severity of self-reporbextly image dissatisfaction, disordered
eating, and personality traits. It is also possib& some of the AAS-using bodybuilders
met criteria for current anabolic-androgenic substadependence or abuse. Lastly, a
structured clinical interview would have confirmigg severity of previous illicit drug
use, anxiety, and depressive symptoms.

Although total estradiol as well as free and bidlakde testosterone were measured
in the present study, they were not included in gtatistical analyses due to concerns
with the sensitivity and reliability of the meassirét is possible that this study missed
identifying some important relationships betweessthsteroid hormones and cognition.

Due to the cognitive hypotheses, blood specimelecadn was conducted in the
afternoon immediately following the testing sessiobhis is not the typical approach for
most hormone studies, with serum collection typycatcurring early in the morning
when testosterone levels are at higher. As resdmslshown enhanced performance on
spatial tasks when testosterone levels are lowntekter in the day might ensure a
male-typical pattern of performance among contrbising of blood specimen
collection should be taken into consideration wbemparing results of research studies.

Lastly, another concern was the potential effettatigue and effort on test
performance. Fatigue and/or poor effort can leasbtmptimal performance on cognitive
measures. As the testing sessions ranged in Iémgth2.5 to 3.5 hours, and most
participants chose to complete sessions withoubasgks, it is possible that some
participants started to tire towards the end ofsesion. Nonetheless, is not expected

that fatigue had an effect on mental rotation scanghe AAS group, as there were no
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significant group differences on any of the otheasures (i.e., Letter-Number
Sequencing, SOPT, verbal fluency) completed towtre®nd of the session. The
investigator also attempted to reduce potentiabesbreffects of fatigue and decreased
effort. All participants who demonstrated signifitdatigue or decreased effort on test
measures were excluded from the statistical angalyse

Implications and Future Directions

Notwithstanding the above limitations, the resolftthis preliminary study provide
some useful insights into the potential activaefifgcts of exogenous testosterone
supplementation on sex-related cognitive abilifigss is the first study to examine the
cognitive abilities of male bodybuilders who admster non-medical AAS regimens.
There is some evidence that high doses of exogdretasterone and/or synthetic
steroids in males might influence some aspecteghition, specifically reducing
complex visuospatial skills and perceptual spedtihoigh the AAS users performed
lower than the controls, mean scores on these teslikl not be considered impaired.
However, it is uncertain whether chronic administraor higher dosages of multiple
combinations of AASs would result in further deteints in performance, and exert
transient or permanent changes in neural orgaaizaid cognitive abilities.

The study also provided support for the existerfceaurvilinear relationship
between spatial ability and total testosteroneghtrhanded healthy men who did not use
AASs. It appears that intermediate concentratidriestosterone within the physiological
range were related to better performance on theaahestation task, with lower
performance related to both decreases and increasesum testosterone levels. The

results complement previous hormone studies inyatitig endogenous testosterone
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levels and exogenous testosterone supplementatidmical populations and healthy
men. Collectively, these studies suggest that agtepatial performance might be related
to intermediate testosterone levels. As this study investigated right-handed healthy
active men, this information might not generaliaéetit-handers. Due to the small sample
of AAS users in the current study, this might hals® limited the power to observe a
relationship between testosterone levels and $@dtility. Replication studies with

larger samples of AAS users are required to detegrfie relationship between
supraphysiological testosterone levels and cognjgerformance.

As this study only considered the cognitive effefttotal testosterone, the data do
not preclude a relationship between other gonagieghbnes and cognitive abilities. In
addition, the mechanisms of action for the cogaitifects could not be adequately
addressed in the current study. Future studiestigaging cognitive abilities in AAS
users should include different measures of tegtmsée(total, free, bioavailable) and its
metabolites (estradiol).

The study also contributes to the growing literaton psychological effects of
bodybuilding and AAS use. Not all AAS users and-ueing bodybuilders demonstrate
clinically significant pathological attitudes andhHaviours. Nonetheless, there appears to
be a subgroup of AAS users (and bodybuilders) wndbé significant disturbances in
several psychological domains. Researchers willl hede vigilant in controlling for
potential confounding factors, including premorkmddical and psychiatric history,
weightlifting, and diet, in order to draw stronghetusions. It remains to be determined
whether psychological and behavioural symptoms#her a cause or a direct effect of

AAS use.
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Current research suggests some body weight coniceting bodybuilding groups,
specifically a drive for muscularity combined waldrive for a well-toned body. Given
the emphasis on development of muscularity, musdgfnition, and symmetry in the
sport of bodybuilding, bodybuilders walk a verydiline between safe and pathogenic
attitudes and weight control behaviours. Some iddiails may not recover from the
temporary disordered attitudes and eating practisesciated with bodybuilding, and
thus might develop longstanding pathological badgge disturbances and eating
disorders. There is a need for more research tifgeisk factors associated with the
development of psychopathology and AAS use in rhablybuilders. Inclusion of
competitive and recreational bodybuilders, in addito current users and non-users,
might help delineate inconsistent findings in tesaarch literature. Psychological
profiles of AAS-using athletes and non-athletesusthalso be investigated.

Future research should continue to assess thésffienon-medical AAS use on
cognitive abilities and psychological functionifgside from capturing a single time
point, longitudinal studies using AAS users asrtbain controls would be another viable
option to test altered cognitive and psychologeftdcts of steroid use. This would
provide an opportunity to track effects of acutd ahronic use, as well as single and
multiple combinations of AASs. Testing could ocativarious intervals, comparing
effects during cycles of steroid use with non-gtetse, and after cessation of AASs.
This would help us better understand whether sjgestéroid regimens (e.g., types,
dosages, combinations) exert transient or permastemges in cognitive abilities and
psychological symptomatology. As recruitment prot@le a difficult task with this

population, case studies using ABA designs andptidiaterviews might be a useful
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method to study the cognitive and psychologica&# of non-medical AAS use.
Another interesting question would be to invesggaie cognitive effects of AASs in
women.

Ongoing investigations of the effects of non-medfo&S use on cognitive abilities
and psychological functioning will be an importaspect to better understanding the
risks and benefits of AAS use, and to the constameraf effective modes of treatment.
Despite athletic associations banning these sutestaamd warnings about the potentially
adverse consequences, athletes and non-athlete®pmtinue to use these substances for
lean muscle development, muscular strength, athpetiformance, and even purely for
aesthetic reasons. As researchers, we can proWildses and the general population with

a balanced view of the risks and benefits of AAS tashelp promote educated choices.
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Appendix A: Information Letter

INFORMATION LETTER FOR RESEARCH STUDY ON THE EFFECT S OF
HORMONES ON COGNITION AND PSYCHOLOGICAL FUNCTIONING

Dear Participants,

You are invited to participate in a study entitlédtivational effects of exogenous steroid
hormones on cognitive performance: A study of aliedamdrogenic steroids in men." This
study is being conducted by myself, Sandra Migjraauate student in the Clinical Psychology
program at the University of Victoria, as part of doctoral dissertation.

FUNDING
This research is being funded in part by the Camaltistitute for Health Research, University of
Victoria/Michael Smith Foundation, and Lions Gatedithcare Research Foundation.

PURPOSE

This study investigates the effects of anaboliooéts on cognitive abilities (one’s ability to

think, reason, and remember) in men who use strdithother goal is to evaluate the emotional
well-being and personality characteristics of theskviduals. To get a better understanding of
the cognitive and psychological effects of anabst@roid use, | will be assessing men who use
steroids (males serious about weight training) el @ men who do not use steroids (males
serious about weight training, and males involvetegular aerobic activities).

WHY IS THIS RESEARCH IMPORTANT?

Steroid use has increased substantially over thefea decades. Many athletes take anabolic
steroids for their ‘muscle building’ properties,vasll as to enhance their athletic performance.
There is very little information regarding the effe of anabolic steroids on cognitive abilities.
Psychological effects and personality charactedgdtiave also been less extensively studied than
health risks and the muscle-building propertiestefoids. It is important to study the short-term
and long-term effects of anabolic steroid use tomte educated and healthy decisions

WHAT IS INVOLVED:
If you decide to participate in this study, youlwié asked to volunteer approximately 4 to 4 ¥2
hours of your time. A package of forms (asking pbout your medical history, pattern of
substance use, athletic endeavours, etc...) will @éepohto you, which will take about 1 hour to
complete. You will be asked to bring the compldtaths to your session. The session will be
set up at your convenience (either at the UnivwediVictoria, in Duncan, Nanaimo, or
Vancouver area), requiring about 2% to 3 hoursoof yime. During this time, you will be asked
to complete:
a) a brief interview
b) some tasks that require thinking skills, such apoading to questions, drawing, and
solving problems.
€) questionnaires that will ask you how have you Hasen feeling and describe what
you think about yourself.

After you have completed your session, you wilsbat to an MDS Metro Lab close by for blood
collection (this should take no more than 2 howafr time). No more than 12 ml of blood wiill
be taken. The following tests will be done onlleod collected — total, free and bioavailable
testosterone, total estradiol, albumin, and sexAeoe binding globulin. We are not testing for
drugs. Your blood samples will not be used for ather purpose than those outlined in the study.
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When these tests are done, your blood samplesevdiestroyed within 7 days. With your
agreement, | would like to contact you again inwdtzoweek to provide you with the blood test
results.

You will receive $40 and a t-shirt froReflexto acknowledge your time and contribution to the
study, as well as to compensate for expenses assoaiith your participation. You will receive
compensation after your session at MDS.

POTENTIAL RISKS

Given that the tasks require brain power, you migét slightly fatigued during testing. If you
experience some fatigue, you will be offered a ki€a If you are too fatigued to complete all
the tasks, the session will be discontinued anchestuled at another convenient time for you.

Blood collection is generally considered to befe gaocedure. Because the amount of blood
taken is small, individuals typically do not feelyall effects. However, blood drawing does
involve some risks, including discomfort from ingen of the needle (common), feeling light-
headed or fainting (infrequent), bruising at punetsite (infrequent), and infection at the same
site (rare). MDS Metro Laboratory Services follostsct safety guidelines for blood collection
and will take every precaution to protect your safél'here is always a doctor on site in case of
an emergency. If you feel any ill effects aftervimg MDS, please see a doctor immediately.

Blood test results are reported with ‘referenceyesi (referred to as the ‘normal’ range of test
results). 95% of healthy people have values withis range. About 5% of healthy individuals
fall outside the ‘normal range.” A test resultttfals outside this range (an ‘abnormal’ value)
does not necessarily mean that there is somethioggy In the event of an abnormal blood test
result, you will be contacted and sent a copy efrésults. Although an ‘abnormal’ test result
may or may not indicate a problem, you are stroegigouraged to consult with your physician.

POTENTIAL BENEFITS

This study may be of benefit to you. You will b@yided with general information regarding
blood test results — ‘within normal limits’ or ‘abmmal result(s)’. On a broader level,
information gained from this study might increase knowledge about the benefits and risks of
using anabolic steroids, and provide resourcestépid education in schools and in the
community. Specifically, it might help us betterderstand the effects of anabolic steroids on
cognitive abilities and emotional well-being.

CONSENT

Your participation in this study must be completedyuntary. If you decide to participate, you
have the right to refuse to answer any questionsdgonot want to answer. You may withdraw
from the study at any time without explanation egative consequences. Doing so will not
affect any current or future involvement you mayeaith the university. If you choose to
withdraw before completion of the study, you wiilie offered compensation for your
participation (t-shirt fronReflexand payment for parking). In addition, all of théormation

that has been collected will be destroyed immeljiatBegardless of your decision to continue
with, or withdraw from, the study, we can discuesiryconcerns at the end of a test or of the
session.

CONFIDENTIALITY

Individuals and organizations involved in recruithill not be informed of whether or not you
decide to participate in the study. Informatioattiiou provide in this study is confidential and
will have no impact on your education, work, metgtatus, and/or athletic endeavours.
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My research assistant, Kate Randall, is a gradstatient in the Clinical Psychology program at
the University of Victoria. She is well-informen the confidentiality process (according to the
Canadian & American Psychological Code of Ethiagy will complete an oath of
confidentiality prior to assistance with this study

Any information that is obtained during this studiyl be kept in strictest confidence. In the
event that there is evidence of immediate and setiarm to self, | will contact, with your
permission, a family member or friend to suppon yothis matter.

To protect your identity, YOU MUST NOT IDENTIFY YORISELF. You will provide a false
name to use at all times throughout the studyinaply do not use any name in your discussions.
You will also be assigned a code number so that game will not appear on any of the paper
forms.

MDS Metro Laboratory Services will only be provideith your code number and a ‘default’
birth date. They require a birth date in ordemtatch your results with reference ranges.
However, we willonly require your month and year of birth.

| will be keeping an information sheet (with yofaske name’, address, and telephone number) so
that | can contact you about the blood test res@sly the principal investigator, Sandra Mish,
will have access to this information. Your inforioatsheet will be securely stored in a locked
cabinet separate from any of the paper forms, dhgdlwedded immediately after you receive
general information about your blood test resultie paper forms used in this study will also be
kept in a locked cabinet and shredded 5 years @ftapletion of the study. Access to test results
(paper forms) will be restricted to the principaréstigator, supervisor, and research assistant.

Information from this study will be included in aatoral dissertation, and may later be submitted
for publication in a scientific journal or book.eBults might also be presented at scholarly
meetings, workshops, and presentations at schwol&sites, or for athletic teams/organizations.
This information might also be used for educatignaposes (e.g., information sheet on benefits
and risks of steroid use, story in newspaper aroimternet website). Presentations and
published results will not connect you with anytled information you provide.

QUESTIONS:
You may contact me at (250) 472-4339 or at smisi@uaevif you have any further questions.

Dr. Catherine Mateer, my supervisor at the Universi Victoria, can be reached at (250) 721-
8590.

In addition to being able to contact me and my stiper at the above phone numbers, you may
verify the ethical approval of this study, or raisey concerns you might have, by contacting the
Associate Vice-President Research at (250) 472-454%prhe@uvic.ca.

Thank you,
Sandra Mish, M.Sc.
Graduate Student in Clinical Psychology

University of Victoria

By completing and returning the forms, you are
providing consent to participate in this study.
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Appendix B: Consent Form

Participant Consent Form

THE STUDY

You are invited to participate in a study entit!édtivational effects of exogenous steroid
hormones on cognitive performance: A study of atielamdrogenic steroids in men." This
study is being conducted by myself, Sandra Migiraaluate student in the Clinical Psychology
program at the University of Victoria, as part of doctoral dissertation. You may contact me at
(250) 472-4339 or at smish@uvic.ca if you have fanther questions. Dr. Catherine Mateer, my
supervisor at the University of Victoria, can badked at (250) 721-8590.

FUNDING
This research is being funded in part by the Camaltistitute for Health Research, University of
Victoria/Michael Smith Foundation, and Lions Gatedithcare Research Foundation.

PURPOSE

This study investigates the effects of anaboliooéts on cognitive abilities (one’s ability to
think, reason, and remember) in men who use stréidother goal is to evaluate the emotional
well-being and personality characteristics of theskviduals. To get a better understanding of
the cognitive and psychological effects of anabsléroid use, | will be assessing men who use
steroids (males serious about weight training) elé & men who do not use steroids (males
serious about weight training, and males involvetegular aerobic activities).

WHY IS THIS RESEARCH IMPORTANT?

Steroid use has increased substantially over thief@pa decades. Many athletes take anabolic
steroids for their ‘muscle building’ properties,wsll as to enhance their athletic performance.
There is very little information regarding the effe of anabolic steroids on cognitive abilities.
Psychological effects and personality charactegdiave also been less extensively studied than
health risks and the muscle-building propertiestefoids. It is important to study the short-term
and long-term effects of anabolic steroid use tmmte educated and healthy decisions.

WHAT IS INVOLVED
If you decide to participate in this study, youlveié asked to volunteer a total of approximately 4
to 4 % hours of your time. A package of forms (agkfou about your medical history, pattern of
substance use, athletic endeavours, etc.) will &ikechto you, which will take about 1 hour to
complete. You will be asked to bring the completaths to your session. The session will be set
up at your convenience (either at the Universityiatoria, in Duncan, Nanaimo, or Vancouver
area) requiring about 2% to 3 hours of your tirBewring this time, you will be asked to
complete:
d) a brief interview
e) some tasks that require thinking skills, such apeading to questions, drawing, and
solving problems.
f) questionnaires that will ask you how have you Haaen feeling and describe what
you think about yourself.

After you have completed your session, you wilsbat to an MDS Metro Lab close by for blood
collection (this should take no more than 2 howaafr time). No more than 12 ml of blood wiill
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be taken. The following tests will be done on theobd collected — total, free and bioavailable
testosterone, total estradiol, albumin, and sexAeoe binding globulin. We are not testing for
drugs. Your blood samples will not be used for ather purpose than those outlined in the study.
When these tests are done, your blood samplesevidiestroyed within 7 days. With your
agreement, | would like to contact you again inwdtzoweek to provide you with the blood test
results.

You will receive $40 and a t-shirt froReflexto acknowledge your time and contribution to the
study, as well as to compensate for expenses agsevith your participation. You will receive
compensation after your session at MDS.

POTENTIAL RISKS

Given that the tasks require brain power, you migét slightly fatigued during testing. If you
experience some fatigue, you will be offered a kf®a If you are too fatigued to complete all the
tasks, the session will be discontinued and resdbddat another convenient time for you.

Blood collection is generally considered to befe gaocedure. Because the amount of blood
taken is small, individuals typically do not feelyall effects. However, blood drawing does
involve some risks, including discomfort from ingen of the needle (common), feeling light-
headed or fainting (infrequent), bruising at punetsite (infrequent), and infection at the same
site (rare). MDS Metro Laboratory Services follostdct safety guidelines for blood collection
and will take every precaution to protect your saf€here is always a doctor on site in case of
an emergency. If you feel any ill effects aftenimg MDS, please see a doctor immediately.

Blood test results are reported with ‘referenceyesi (referred to as the ‘normal’ range of test
results). 95% of healthy people have values withig range. About 5% of healthy individuals
fall outside the ‘normal range.’ A test result tfalts outside this range (an ‘abnormal’ value)
does not necessarily mean that there is somethioggwIn the event of an abnormal blood test
result, you will be contacted and sent a copy efrésults. Although an ‘abnormal’ test result
may or may not indicate a problem, you are stroegigouraged to consult with your physician.

POTENTIAL BENEFITS

This study may be of benefit to you. You will beyided with general information regarding
blood test results — ‘within normal limits’ or ‘abmmal result(s)’. On a broader level, information
gained from this study might increase our knowlealgeut the benefits and risks of using
anabolic steroids, and provide resources for stexducation in schools and in the community.
Specifically, it might help us better understanel ¢ffifects of anabolic steroids on cognitive
abilities and emotional well-being.

CONSENT

Your participation in this study must be completedyuntary. If you decide to participate, you
have the right to refuse to answer any questionsdgonot want to answer. You may withdraw
from the study at any time without explanation egative consequences. Doing so will not affect
any current or future involvement you may have wlih university. If you choose to withdraw
before completion of the study, you will still bfeved compensation for your participation (t-
shirt fromReflexand payment for parking). In addition, all of ihéormation that has been
collected will be destroyed immediately. Regardlefsgour decision to continue with, or
withdraw from, the study, we can discuss your cameat the end of a test or of the session.
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CONFIDENTIALITY

Individuals and organizations involved in recruitrhwill not be informed of whether or not you
decide to participate in the study. Informationtty@u provide in this study is confidential and
will have no impact on your education, work, metgtatus, and/or athletic endeavours.

My research assistant, Kate Randall, is a gradstatient in the Clinical Psychology program at
the University of Victoria. She is well-informed tihe confidentiality process (according to the
Canadian & American Psychological Code of Ethiagy will complete an oath of
confidentiality prior to assistance with this study

Any information that is obtained during this stugyl be kept in strictest confidence. In the event
that there is evidence of immediate and seriousttarself, | will contact with your permission a
family member or friend to support you in this neatt

To protect your identity, YOU MUST NOT IDENTIFY YORISELF. You will provide a false
name to use at all times throughout the studyinoply do not use any name in your discussions.
You will also be assigned a code number so that game will not appear on any of the paper
forms.

MDS Metro Laboratory Services will only be provideith your code number and a ‘default’
birth date. They require a birth date in order tteh your results with reference ranges.
However, we willonly require your month and year of birth.

I will be keeping an information sheet (with yotske name’, address, and telephone number) so
that | can contact you about the blood test resOltdy the principal investigator, Sandra Mish,

will have access to this information. Your inforioatsheet will be securely stored in a locked
cabinet separate from any of the paper forms, dahdlwedded immediately after you receive
general information about your blood test resdlte paper forms used in this study will also be
kept in a locked cabinet and shredded 5 years aftapletion of the study. Access to test results
(paper forms) will be restricted to the principatéstigator, supervisor, and research assistant.

Information from this study will be included in aatoral dissertation, and may later be submitted
for publication in a scientific journal or book. dts might also be presented at scholarly
meetings, workshops, and presentations at schwolksites, or for athletic teams/organizations.
This information might also be used for educatignaboses (e.g., information sheet on benefits
and risks of steroid use, story in newspaper aroimternet website). Presentations and
published results will not connect you with anytled information you provide.

QUESTIONS:

In addition to being able to contact me and my stiper at the above phone numbers, you may
verify the ethical approval of this study, or rais®ey concerns you might have, by contacting the
Associate Vice-President Research at (250) 472-454%prhe@uvic.ca.

You are invited to ask any questions you may héeeithis study or your participation in it.

Your verbal consent indicates that you have readfdihm and understand the conditions of
participation in this study, and that the researtias answered all questions to your satisfaction.

You will be given a copy of this consent form.



189

Appendix C: Screening Questions

Screening Questions (Initial telephone contact)

The following questions will be asked to determivteether participants meet inclusion criteria
for this study.

1) How old are you?

2) What hand do you write with?

3) Primary language spoken at home?

4) How many years of education?

5) Do you smoke cigarettes?/ N

If yes, how many cigarettes do you smoke

5) Do you have a history of (have you been diaghegth):
learning disabilities/attention problems in sch@ob., LD, ADHD) Y/N

neurological, endocrine, or metabolic abnormalities Y/N
other medical problems (e.g., head injury, asthma) Y/N
mental health problems (e.g., depression, anxiety) Y/N
current alcohol or drug abuse problems (as per PHQ Y/N

6) How many days per week are you physically aftiv
Are you a bodybuilder? Y /N

If yes, how often do you work out?

How long are your work-out sessions?

How long have you been strength training?

Do you do cardio regularly? How often?

If no, are you active? Y/N

How do you keep active?

What types of aerobic activity are you involved in?

How often do you do aerobic activities? And howgdar each session?

How long have you been active?

Do you weight train? Y /N

7) Are you currently using anabolic-androgenicaitis? Y/N
If not, have you ever used them in the past? Y/N

If yes, when was the last time you used steroids?
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Appendix D: Health History Form
HEALTH HISTORY FORM

Please complete the following information to theths your knowledge. Answer all questions as
honestly and accurately as possible — make suranyswer questions on BOTéides of the
pagesAll information contained in this form is strictly confidential. A number will be

assigned to ensure that there is no identifyingenatrached to the form. By completing and
returning this form, you are providing consent #otjgipate in this research. Thank-you!

PERSONAL HISTORY

Today’s Date; Age:

Primary language spoken at home: Hand used for writing:

Ethnic Origin (check one)
O Caucasian O Black / African American [ First Nations
O Hispanic [0 Native American [ Asian
O Native Hawaiian / Pacific Islander
[0 Biracial (Please describe: )
O Other (Please describe: )

What is the highest level of education you havaiaéid? (highest grade, year of school, and/or géegre
completed?

Are you currently a student? (check on&] Yes [ No
Are you currently employed? (check o) Yes [ No

If yes, please specify if part-time or full-time o

If no, have you been employed in the pddt¥Yes [ No
Current Annual Income (check one)

O <$20,000 0 $20,000-$39,999 0 $40,000-$59,999

O $60,000-$79,999 O $80,000-$100,000 O over $100,000
Marital Status (check one)

O Single / never married 0 Married O Common-law

[0 Divorced / separated O Remarried O Widowed

MEDICAL HEALTH

How would you rate your current overall health (@hene)
O Excellent O Very good O Good
O Fair O Poor
Childhood llinesses (check all that apply)
[0 Measles 0 Mumps [0 Chickenpox
O Rubella O Rheumatic Fever [ Polio
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Have you experienced any of the following? Pledmzxk one, and if yes, describe in space provided.

Note: Medical problems PRIO® anabolic/androgenic steroid use (for those ug®
steroids).

Problems at birth or with early development [ Yes [ No

Developmental delay OYes ONo
Serious illnesses OYes ONo
Hospitalizations / Major surgeries OYes ONo

Major falls/sports accidents/industrial injuries [ Yes [ No

Motor vehicle accidents OYes [ONo
Head injuries OYes ONo
Loss of consciousness OYes [ONo
Back or neck injury OYes ONo
Seizures OYes [ONo
Stroke OYes [ONo
Diabetes, heart disease or cancer OYes [ONo
Tics OYes [ONo
Allergies or asthma OYes ONo
Eye problems OYes ONo
Hearing problems/Ear infections OYes ONo

Other (please describe)

MENTAL HEALTH

Have you been diagnosed with any of the followiR{gase check one, and if yes, describe in space

provided. Note: Mental health problems PRI@Ranabolic/androgenic steroid use (for those udm

steroids).

Learning Disabilities OYes ONo
Language Problems OYes ONo
ADHD OYes [ONo
Oppositional Defiant Disorder OYes ONo
Conduct Disorder OYes [ONo
Depression OYes ONo
Mania / hypomania OYes ONo
Anxiety OYes ONo

Psychotic episodes / schizophrenia O Yes O No
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Eating disorders OYes ONo

Other (please describe)

Please check one box: (PRI@&Ranabolic/androgenic steroid use — for those udesteroids).

Have you ever had thoughts about harming yourselbmmitting suicide? Yes [ No
Have you ever been in counselling or under psydbiaare? OYes ONo
Have you ever been prescribed medications (foripusvconditions)? OYes [ONo

Have you ever been hospitalized (for previous dioms)? OYes ONo

SUBSTANCE USE

Tobacco
Have you ever smoked a cigarette? OYes ONo
If yes, at what age did you start?
When was the last time?
Do you currently smoke cigarettes? OYes ONo

How many cigarettes do you smoke per week (orege?

Do you currently use other tobacco products?

Snuff OYes 0[ONo
Cigars OYes ONo
Chewing tobacco OYes ONo
Other (specify: ) OYes ONo

If yes, how much do you use per week for each (emnaaye)?

Alcohol
Have you ever tried beer, wine, or other liquorZ] Yes [ No

If yes, at what age did you start?

When was the last time?

Have you ever been drunk? OYes ONo
Do you currently drink alcohol? OYes ONo

How many drinks per occasion (on average)?

How many drinks per week (on average)?

What do you typically like to drink? (e.g., beeine, coolers, hard liquor)
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Street Drugs
Have you ever tried any street drugs such as naa@dilinashish, ecstasy, crystal meth, cocaine,
crack, heroin, LSD, mushrooms, peyote, mescalimg osher? OYes ONo

If yes, which ones?

At what age did you start?

When was the last time?

Do you currently use any of the street drugs? O Yes [ No

How often per week (on average) for each drug?

Anabolic/Androgenic Steroids
Have you ever used steroids or any other musclaremfg drugs (e.g., GH, clenbuterol)?
OYes [ONo
If you answered no, continue answering from thesgte*), until end of page 7
Do you currently use steroids or any other musaleancing drugs (e.g., GH, clenbuterol)?
OYes [ONo

If no, when was the last time?

If you answered no, continue answering from thesst***), until end of page 7
If you answered yeglease skip to page 8
*kk Have you ever heard of steroids? OYes ONo
Have you ever considered taking steroids? [ Yes [ No

If yes, why would you try steroids?

How serious are you in trying steroids?

LIFESTYLE

Sports / Exercise
Have you always been active? OYes ONo
Do you play any sports (besides bodybuilding)®] Yes [ No
At what age did you become involved in sports?

What do you currently play?

How long have you been involved in the current §sji?

How often do you play sports?

Days per week (on average)?

Minutes / hours each day (on average)?
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Why do you play sports?

How do you feel after playing sports?

Do you do any aerobic exercise (cardio)? OYes ONo

At what age did you start exercising (aerobic else)?

What types of aerobic exercise do you do (e.ggijag biking, etc...)

How long have you been involved in current aeralgigvities?

How often do you do aerobic exercise?

Days per week (on average)?

Minutes / hours each day (on average)?

Why are you involved in aerobic exercise?

How do you feel after aerobic exercise?
Do you lift weights? OYes ONo
At what age did you start lifting weights?

How long have you been weight lifting?

How often do you lift weights?

Days per week (on average)?

Minutes / hours each day (on average)?

Why do you weight train?

How do you feel after a workout?

What is your maximum bench press?

Have you ever been involved in bodybuilding contpets? OYes ONo

At what age did you start bodybuilding?

How long have you been a bodybuilder?

How many competitions have you been in?

What type of competitions? (e.g., amateur, pro)

Are you entering a competition(s) this year? OYes ONo

Do you have any plans to do a bodybuilding comipei() in the future? [ Yes [ No

Nutrition / Diet
Do you eat healthy? OYes ONo

How often do you eat? (# meals/day)

Give an estimate of your current daily caloric keta

Have you ever dieted? OYes ONo

If yes, please describe:
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Do you currently follow a special diet? [0 Yes [ No
If yes, please describeqmpetitive bodybuilders/strength athletes, fill setion
below):

For competitive bodybuilders/strength athletes

Describe your off-season diet

Describe your pre-contest diet

Are you happy with your current weight? OYes ONo
If no, do you wish you were more muscular? OYes ONo
If no, do you wish you were thinner? OYes ONo

Have you ever done any of the following to losegh&? (check all that apply)

O Skipped Meals O Taken pills or other medications (e.g., diet pilsiretics)

OO Caused vomiting [ Used laxatives O Exercised excessively
Caffeine
Do you drink any caffeinated drinks? OYes ONo
If yes, what is your current intake:
O Coffee ____ cups/day O Tea__ cups/day
0 Soda___ cans/day O Other (specify: )

Do you consume any other food or products witheta&?] Yes [ No
If yes, what is your current intake:
O Chocolate__ oz./day [0 Caffeine pills____ tabs/day
O Guarana ____ tabs/day O Other (specify: )

Vitamins, herbs, supplements, & other substances
Do you currently take any vitamins, herbals, amgptements? [ Yes [ No

What do you take on a regular basis? For each destribe what you take, daily intake
(mg/day & # times/day or mg/week & # times/weekid avhy you take the substance?

Vitamins (e.g., multi, Vitamin C, E, etc...)

Minerals (e.g., selenium, chromium, etc...)

Amino acids (BCAA, glutamine, etc...)
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L-carnitine

Creatine

Protein powder (whey, soy, etc...)

Sodium bicarbonate
DHEA
HMB

ECA stacks (ephedrine/caffeine/aspirin)

Herbals (e.g., ginseng, bee pollen, tribulus tétigsyohimbine, kava kava, guarana,

ginko biloba, etc...)

Other stimulants (amphetamines, ephedrine, Ma Hu&pigedra, etc...)

Non-narcotic / narcotic analgesics (e.g., asp&®BA, Ibuprofen, codeine, Nubain,

Vioxx, etc...)

Other (please describe)

Sleep
Overall, do you sleep well? OYes ONo
If no, describe your sleep difficulties (e.g., difflty falling asleep, waking up several
times in the night, problems falling back to sleeightmares, etc...)
Medications

List of current_prescribethedication(s) (specify why you require the medasgt

Additional Remarks

Please add any additional remarks here:

You are finished! Thank-you for taking the time tofill in this questionnaire!
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LIFESTYLE (To be answered by bodybuilders/strength athletesuse anabolic/androgenic
steroids)

Sports / Exercise
Have you always been active? OYes ONo
Do you play any sports (besides bodybuilding)®] Yes [ No
At what age did you become involved in sports?

What do you currently play?

How long have you been involved in the current §sji?

How often do you play sports?

Days per week (on average)?

Minutes / hours each day (on average)?

Why do you play sports?

How do you feel after playing sports?

Do you do any aerobic exercise (cardio)? OYes ONo
At what age did you start exercising (aerobic eise)?
What types of aerobic exercise do you do (e.ggijag biking, etc...)

How long have you been involved in current aeralgiivities?

How often do you do aerobic exercise?

Days per week (on average)?

Minutes / hours each day (on average)?

Why are you involved in aerobic exercise?

How do you feel after aerobic exercise?

Do you lift weights? OYes ONo
At what age did you start lifting weights?

How long have you been weight lifting?

How often do you lift weights?

Days per week (on average)?

Minutes / hours each day (on average)?

Why do you weight train?

How do you feel after a workout?

What is your maximum bench press?

Have you ever been involved in bodybuilding contets? OYes ONo
At what age did you start bodybuilding?

How long have you been a bodybuilder?




How many competitions have you been in?
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What type of competitions? (e.g., amateur, pro)

Are you entering a competition(s) this year? O Yes
Do you have any plans to do a bodybuilding comipeii$) in the future? O Yes

Nutrition / Diet
Do you eat healthy? OYes ONo
How often do you eat? (# meals/day)

O No
O No

Give an estimate of your current daily calori@ks

Have you ever dieted? OYes ONo

If yes, please describe:

Do you currently follow a special diet? 00 Yes [ No

Describe your off-season diet

Describe your pre-contest diet

Are you happy with your current weight? OYes ONo
If no, do you wish you were more muscular? [ Yes [ No
If no, do you wish you were thinner? OYes ONo
Caffeine
Do you drink any caffeinated drinks? OYes ONo
If yes, what is your current intake:
O Coffee ____ cups/day O Tea__ cups/day
OO0 Soda____ cans/day O Other (specify:

Do you consume any other food or products witheta&?] Yes [ No
If yes, what is your current intake:
O Chocolate__ oz./day [0 Caffeine pills____ tabs/day
O Guarana ____ tabs/day O Other (specify:

Anabolic / Androgenic Steroids
At what age did you start taking steroids?

How many years have you been taking steroids?

How many years since current cycle?

Why do you take steroids?
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Where do you get your steroids (e.g., black magkeymacy, doctor, etc.BO NOT provide

any identifying information — names or company, etg

What different methods due you typically use?

O Cycling Typical duration (# of weeks? Or conting?)
O Pyramid
O Stacking
[ Other (please describe)

Current cycle

What steroids are you taking during your curre€y Please check all that apply. Note
average dose/week, method of administration (IMl, @tc...)

O Anavar O Anadrol-50

O Deca-Durabolin O Dianabol

0 Durabolin O Equipoise

O Halotestin O Masteron

O Nilevar O Primobolan
O Proviron O Sustanon 250
O Teslac O Trenbolone
O Winstrol O testosterone

[0 testosterone cypionate

[ testosterone enanthate

[ testosterone propionate

O Others (please specify)

What other substances / products are you currasihg? Please check all that apply. Note
average dose/week, method of administration (IMl, @tc...)

O androstendione O clenbuterol
O DHEA O ECA stack
[0 ephedrine OGH

O diuretics (e.g., Aldactone, Diazide, hydrochol@tide, Lasix, etc...)

O GH O HMB

O IGF-1 O insulin
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O Other stimulants (e.g., amphetamines — Ritalin,Hdang, Ephedra, etc...)

0 Non-narcotic / narcotic analgesics (e.g., ASAjraspcodeine, Ibuprofen, morphine,
Nubain, Stadol, Vioxx, etc...)
[0 Antidepressants (e.g., Celexa, Elavil, Luvox, R&iozac, Wellbutrin, Zoloft, etc...)

O Antianxiety meds (e.g., Ativan, Centrax, Valiumgnax, etc...)

O Antiestrogens (e.g., Arimidex, Femara, Nolvadés,.e

[0 Others (please descrihe)

What nutritional supplements are you currentlyrigki For each item, describe what you take,
daily intake (mg/day & # times/day or mg/week &imes/week), and why you take the
substance?

Vitamins (e.g., multi, Vitamin C, E, etc...)

Minerals (e.g., selenium, chromium, etc...)

Amino acids (BCAA, glutamine, etc...)

L-carnitine

Creatine

Protein powder (whey, soy, etc...)

Sodium bicarbonate

Herbals (e.g., ginseng, bee pollen, tribulus tétiesyohimbine, kava kava, guarana,

ginko biloba, etc...)

Others (please describe)

Please describe your current cycle in as muchldetguossible. For example, give
approximate length of cycle, describe pyramid ¢ldteg techniques with each of the steroids

& the changing dosages, etc...)
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List other anabolic/androgenic steroids or musaleamcing drugs that you have used in the

past (not during current cycle):

List other substances / products / nutritional $eqpents you have taken in the past (not

during current cycle):

Do you feel that, if used carefully, anabolic/argiic steroids will not harm an athlete?
O Yes O No O Varies 0 Not sure

Have you experienced any side effects from stetthids far? Please check all that apply, and

describe in space provided.

O Acne O Decreased body fat

0 Edema 0 Gynecomastia

O Hair loss O Increased muscle mass

O Increased strength [ Heart problems (describe: )
O Impotence O Liver problems (describe: )
O 1 sexual drive O | sexual drive

O Tendon injuries O Testicular atrophy

[0 Aggression (on or off steroids: )

O Irritability (on or off steroids: )

[0 Depression (on or off steroids: )

O Euphoria / Mania (on or off steroids: )
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[0 Personality changes (on or off steroids; )

Describe what they are:

O Suicidal thoughts (on or off steroids: )

[0 Others (please describe)

Describe how you feel when you are on steroids

Describe how you feel when you stop taking steroids

Do you consider regular anabolic/androgenic stems&lthe same as having a drug problem?

O Yes O No O Varies O Not sure
Sleep
Overall, do you sleep well? OYes ONo
If no, describe your sleep difficulties (e.g., difflty falling asleep, waking up several
times in the night, problems falling back to sleeightmares, etc...)
Medications

List current prescribethedication(s) (why do you need to take the meitiogt

Additional Remarks

Please add any additional remarks here:

You are finished! Thank-you for taking the time tofill in this questionnaire!




Appendix E: Information about AAS

Bodybuilder’'s Survey
1) How satisfied were you with your body and phgk&ppearanckefore using steroids?
a. Extremely satisfied
b. Very satisfied
c. Somewhat satisfied
d. Not so satisfied

2) What benefits have you experienced from usirabalic-androgenic steroids?
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3) Before using steroids:

a. My weight was pounds
b. My maximum bench press was pounds
C. My maximum squat was pounds

4) While using anabolic steroids:

a. My maximum weight was pounds
b. My maximum bench press was pounds
C. My maximum squat was pounds

5) Please estimate how many weeks inghgt yearyou have used anabolic steroids?

6) What is the greatest number of steroids thathaue used (“stacked”) at one time?

Only one Four
Two Five
Three More than five

7) Do you cycle on and off anabolic steroids? / N

If yes,how many cycles have you done altogether?

8) What is longest period of time that you haveeyafithout steroids since starting their use?

(Please fill in the numbeaf weeks, months, or years.) weeks

months

years
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9) Please circle your response for each question:

a) Have you ever used steroids in small amounts tvé intent to build up to larger amounts

or more potent steroids? Y/N
b) Have you ever needed larger doses of steroigsttthe same effects as you used to with
smaller doses? Y/N
¢) Have you often taken more steroids than youghbyou would? Y/N

d) Have you often used steroids over a much lopgeod of time than you thought you

would? Y/N
e) Have you ever really wanted to stop or cut dgaur use of steroids, but continued to use
at the same level as before? Y/N

f) Have you ever tried to stop or cut down on yose of steroids with the intention of never
using more, but then used more? Y/N

g) Have you ever felt sick when you cut down opptd using steroids? Y /N

10) When you stopped or cut down your use of analstéroids, did you experience any of the
following?

a. Headaches Y/N
b. Restlessness Y/N
c. Difficulty concentrating or thinking clearly Y/N
d. Decreased sex drive Y/N
e. Unable to have an orgasm Y/N
f. Unable to have an erection Y/N
g. Depression Y/N
h. Fatigue, feeling tired or without energy Y/N
i. Difficulty sleeping Y/N
j- Poor appetite for food Y/N
k. Suicidal thoughts Y/N
I. Disinterest in things Y/N
m. Unable to enjoy yourself Y/N
n. Dissatisfaction with your body image Y/N
0. Desire to take more steroids Y/N
p. Muscle aches or joint pains Y/N
g. Feeling irritable Y/N

Other; Y /N

=
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11) For how long did any of these effects (fron) &st, after stopping the steroids?

12) Please circle your response for each question:
a. Have you often used steroids to keep yoursatf having these effects (listed from a-r) or

have you often used steroids when you were fediege effects so that you would feel
better? Y/N

b. While on steroids, have you spent less timekingryour job or studying, being with
family and friends, or doing activities other thaarkouts? Y/N

c. Did you ever keep using steroids even though taused problems with other people,

such as with family members or people at work? Y/N

d. Did you ever keep using steroids even though taused psychological problems, like
making your feel nervous, irritable, or depressed? Y/N

e. Did you ever keep using steroids even though tliused medical or physical problems or
made a physical problem worse? Y/N

| thank you for your time and willingness to contpléhis questionnaire.
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Appendix F. Intercotrelations among the cognitive measures.

Within-group correlations for the cognitive measures (7 =24).

Grooved WAIS-III  Mental Verbal RAVLT BVMT-R WAIS-III
Pegboardi Coding Rotation Fluency LWS

WAIS-III

Coding 19 -

Mental 12 6% --

Rotation

Verbal -.04 .09 -.06 -

Fluency

RAVLT -.34 .18 14 -.04 -

BVMT-R -.21 51* .36 =21 A1* --

WAIS-III -.34 .23 A3 48 .22 .18 --

LWS

SOPT -14 .04 -.16 -.19 A7 31 -.32

Note.WAIS-IIl = Wechsler Adult Intelligence Scale-ThikHition; Coding = Digit-Symbol
Coding subtest, RAVLT = Rey Auditory Verbal Leargifiest total recall score, BYMT-R =
Brief Visuospatial Memory Test-Revised total recabre, LWS = Letter-Word Sequencing
subtest, SOPT = Self-Ordered Pointing Test totalrsr

®Lower values indicate better performance.

* p<.05 (two-tailed), ***p < .01 (two-tailed).
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Appendix G. Correlations among the psychological variables.

Within-group correlations for the personality measures (7 =24).

Antisocial Obsessive- Narcissism
Compulsive
Obsessive-Compulsive A4* -
Narcissism .68*** 59** --
Neuroticism .56** .63** A47*

* p<.05, *p< .01 (two-tailed), ***p < .001 (two tailed).

Within-group correlations for the body image and eating disorder measures (7 =24).

DMS MBSRQ MBRSQ MBRSQ EDIDT EDI EDI
Total AE AO BAS Bulimia Perfection
MBSRQ AE® -39 --
MBSRQ AO -.26 -.09 --
MBSRQ BAS' -.36 52* -.22 --
EDI DT .35 -.35 52* -.50* --
EDI Bulimia .19 -41* 21 -.36 .65** --
EDI Perfection .05 -.09 27 .07 .09 11-. --
Drive for Tone  .62** -.39 ST -.46* .62** .36 A1

Note.DMS = Drive for Muscularity total score; MBSRQ = Midimensional Body Self-

Relations Questionnaire; AE = Appearance Evaluatidrscale; AO =

Appearance Orientation

subscale; BAS = Body Area Satisfaction subscald;£EBating Disorder Inventory-Third

Edition; DT = Drive for Thinness subscale; Perfectr Perfectionism subscale.

#Lower values indicate dissatisfaction with phys@ppearance.
* p<.05. *p< .01 (two-tailed).



