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“Hooked on Hormones” was the title of the first paper recognizing that anabolic 

androgenic steroid abuse can develop into a dependence disorder with cognitive, 

behavioural, and physiological symptoms. The authors conclude that dependent 

users need interdisciplinary treatment rather than punishment and emphasize the 

need for more scientific investigation into the features of anabolic androgenic 

steroid dependence, Kashkin, K.B. & Kleber, H. D. (1989). 

Thirty years later, we are one the way, yet have a long way to go. 
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SUMMARY 

 

Illicit use of anabolic androgenic steroids (AAS) has become widespread and is considered a 

public health problem worldwide. Long-term AAS use is associated with a wide range of 

adverse medical, psychiatric and cognitive side-effects, in addition to maladaptive behavior. 

The risk of side-effects seems to increase with the duration of the use and with AAS 

dependence. Approximately 30% of AAS users develop a dependence syndrome 

characterized by a maladaptive pattern of AAS use causing clinically significant impairment 

or distress. AAS dependence shares some features with other drugs of abuse, but the 

underlying mechanisms are largely unknown and research on long-term AAS use and 

dependence is in its infancy. The overreaching aim of this thesis is to expand the knowledge 

about biological, psychological and cognitive features related to AAS dependence, providing 

important knowledge for both preventive work and treatment. 

The first paper demonstrated structural brain differences between dependent and non-

dependent AAS users. The dependent AAS users had thinner cortex in widespread areas, with 

strong effects in frontal and prefrontal regions, which has been reported for other types of 

substance dependencies. These regions are assumed to reflect important nodes in the 

extended brain network supporting executive functions and emotion processing. Assuming a 

link between brain structural variability and cognitive performance it was not surprising that 

the third paper demonstrated an association between AAS dependence and executive 

dysfunction in both test setting an everyday-life. Executive functions are essential for mental 

and physical health, in addition to adaptive social functioning. Thus, dysfunctional executive 

control may be related to the maladaptive behavior of continued AAS use despite adverse 

outcomes on physical, emotional and social well-being.  

The second paper focused on the ability to recognize emotions from body language. The 

findings indicate that dependent AAS users have reduced emotion recognition, specifically 

for the recognition of fear. Emotional expressions represent important ques for social 

interactions and if these ques are misread there is an increased chance for a maladaptive 

response. Accordingly, the higher levels of involvement in aggressive and antisocial 

behaviors associated with AAS dependence could partly reflect a lower ability to recognize 

submission cues such as fearful body language. 
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Generally, the AAS dependent group appeared to be a vulnerable population. In addition to 

reporting more averse side-effects, the dependent group also scored significantly higher on 

measures of anxiety, depression, ADHD symptoms, antisocial personality traits, attention 

problems, aggressive behavior and total problems. The dependent group had used AAS for a 

longer period, and had a higher cumulative AAS lifetime exposure, which might be related to 

the observed effects. However, the cross-sectional design does not allow claims regarding 

causality and we cannot infer whether the observed effects are due to pre-existing factors or 

long-term AAS use. Presumably, pre-existing cognitive, genetic and environmental factors 

predict initial AAS use, and the development of a dependency syndrome might reflect a 

combination of pre-existing vulnerability and consequences of escalated use. Regardless of 

causality, clinically it is important to consider the complexity of symptoms accompanying 

AAS dependence, where an interdisciplinary focus is needed in order to provide optimal 

treatment. 

Taken together the results of the present thesis bring new and valuable information to the 

AAS research field. The hope is that in the long-run the results from our research group will 

inform clinical practice and provide education and recommendations for health personnel 

who encounter large and increasing numbers of illicit AAS users. 
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1 Introduction 

Anabolic androgenic steroids (AAS) are a family of hormones comprising testosterone and its 

synthetic relatives. The compounds were first isolated and synthesized in the late 1930’s and 

over the next decade numerous synthetic derivatives of the testosterone molecule was 

produced (Kanayama & Pope, 2018). In the early 1940’s AAS was frequently used to treat 

different medical conditions such as hypogonadism and anemia (Behre & Nieschlag, 2012; 

Coletta, Esposito, & Palomby, 1961). In the same time period, psychiatrists prescribed AAS 

with the intention of treating male depression, also described as “involutional melancholia”. 

AAS was described to be efficient in treating the latter, with several reports of euphoria and 

increased libido (Altschule & Tillotson, 1948; Barahal, 1938; N. E. Miller, Hubert, & 

Hamilton, 1938). The use of AAS for muscle gain and preforming enhancing effects in 

professional sports grew gradually from the 1950’s and started spreading to the general 

population around the 1980’s (Kanayama & Pope, 2018). The increase of AAS use among 

non-competing individuals was probably accelerated by the appearance of “Underground 

Guides” on how to self-administer AAS (Assael, 2007). “Underground Steroid Handbook” 

was the first of the kind, describing different AAS, instructions about how to combine 

different AASs, how to perform injections and other tips related to building muscles 

(Duchaine, 1983). Today you no longer need to buy a book; all the information is easily 

accessible on the internet on different websites and forums. In western culture a muscular 

body has been praised since ancient times, but in recent decades the focus on muscularity has 

been fueled by the advertising business and social media. A muscular body composition is 

presented in advertisements, movies and even children’s toys, which puts an increasing 

pressure on body appearance and may affect the prevalence of AAS use (Kanayama, Hudson, 

& Pope Jr, 2012; Leit, Gray, & Pope Jr, 2002; Pope Jr, Olivardia, Gruber, & Borowiecki, 

1999). AAS is classified as an illegal drug in many countries and banned by professional 

sports organizations. Still, AAS has become widespread and is considered a major new form 

of substance abuse and a growing public health problem worldwide (Kanayama, Hudson, & 

Pope, 2008), particularly prevalent in regions such as Scandinavia, the United States, Brazil, 

and British Common wealth countries (Kanayama & Pope, 2018; Sagoe, Molde, Andreassen, 

Torsheim, & Pallesen, 2014). Epidemiological studies vary in their prevalence estimates, but 

a global lifetime prevalence of 3.3 % has been reported, which indicates that tens of millions 

of individuals worldwide use AAS (Sagoe et al., 2014; Sagoe & Pallesen, 2018). However, 

there is considerable variation in estimated AAS prevalence between countries and within 

specific subpopulations (Kanayama & Pope, 2018; Sagoe et al., 2014; Sagoe & Pallesen, 
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2018). The majority of the AAS users are no longer professional athletes, but rather men 

involved in strength training, most of whom are motivated by enhancing physical appearance 

and increasing muscle mass (Ip, Barnett, Tenerowicz, & Perry, 2011; Parkinson & Evans, 

2006; Pope Jr, Kanayama, & Hudson, 2012). It is estimated that approximately 30 % of AAS 

users develop a dependence syndrome (Kanayama, Brower, Wood, Hudson, & Pope Jr, 

2009a). The mechanisms underlying AAS dependence are not fully understood, although it 

seems that AAS dependence share similarities with other drug dependencies (K. J. Brower, 

2002; Grönbladh, Nylander, & Hallberg, 2016; Kanayama, Brower, et al., 2009a; Wood, 

2008) A wide range of adverse side-effects is associated with long-term AAS use and 

dependence and it appears that the AAS dependent users account for the majority of the 

public health problems posed by AAS use (Kanayama et al., 2008; Kanayama, Hudson, & 

Pope, 2009). Thus, it is crucial to identify factors related to the development and maintenance 

of AAS dependence. The following sections will first give an overview of the physiology of 

AASs, common administration methods and side-effects, before returning to AAS 

dependence.  

1.1 Physiology  

The different AAS vary in their molecular structure and can differ from each other in 

numerous ways, such as the degree of anabolic (protein-synthesizing) and androgenic 

(masculinizing) effect, coactivator recruitment, aromatization, metabolism and the duration of 

action (Bhasin & Jasuja, 2009; Hoffman et al., 2009; Pope Jr et al., 2013). All AASs easily 

pass the blood-brain barrier and thus affect central nervous system (CNS) function (Banks, 

2012; Jänne, Palvimo, Kallio, & Mehto, 1993). Androgen receptors (AR) are widely 

expressed in the CNS, not least in regions such as the amygdala, hippocampus, hypothalamus, 

brain stem and cerebral cortex (Kritzer, 2004; Simerly, Swanson, Chang, & Muramatsu, 

1990). These regions are involved in a wide range of functions, which is consistent with the 

diverse effects of AAS on neural function, including cognition, motor function, and mental 

state (Doncarlos et al., 2006; Fink, Sumner, McQueen, Wilson, & Rosie, 1998). Additionally, 

AAS may be effective through its metabolites who acts on different receptors then ARs, 

among them is 3 α-diol that acts primary through gamma-amino-butyric acid (GABA) 

receptor complexes (Frye, Rhodes, Rosellini, & Svare, 2002).  

There is accumulating evidence demonstrating that AAS share brain sites of action with other 

drugs of abuse and may interact via similar neurotransmitter systems (Wood, 2008). The 

mesolimbic dopaminergic pathway is considered to be the key component in assessing both 
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natural and chemical rewards. This pathway originates with dopaminergic cell bodies in the 

ventral tegmental area, and the dopaminergic axons primarily terminate in the nucleus 

accumbens (Adinoff, 2004). Most drugs of abuse acts on this pathway by increase 

extracellular concentrations of mesolimbic dopamine. Emerging evidence suggest that the 

mesolimbic dopmanine system is involved in AAS reinforcement. Animal studies 

demonstrate that rats establish place preference when testosterone or 3 α-diol is injected 

directly into the nucleus accumbens (Frye et al., 2002; Schroeder & Packard, 2000). 

Additionally, it has been demonstrated that testosterone effectively increase dopaminergic 

and serotonergic activity in the rat brain (de Souza Silva, Mattern, Topic, Buddenberg, & 

Huston, 2009). In support of the animal studies, it has been shown that humans receiving 

weekly AAS injections have an increase in serum levels of the dopamine metabolite 

homovanillic acid (Hannan Jr, Friedl, Zold, Kettler, & Plymate, 1991). However, AAS do not 

seem to stimulate dopamine release acutely, which may account for the absence of the acute 

intoxicating effects (Triemstra, Sato, & Wood, 2008).  

As aforementioned, AAS and its metabolite 3 α-diol can act on GABA receptors and thus 

exert anxiolytic effects. These behavioral effects are likely due to modification of 

GABAergic transmission in brain regions important for processing fear and anxiety (A. S. 

Clark et al., 2006). The serotonergic system may also be involved in behavioral responses to 

AAS (Wood, 2008). Animal studies report that AAS can alter serotonin levels in the brain 

(Kindlundh, Lindblom, Bergström, & Nyberg, 2003; Kurling, Kankaanpää, Ellermaa, Karila, 

& Seppälä, 2005) and human studies demonstrate that AAS injections increased the level of 

the serotonin metabolite 5-hydroxyindolacetic and was correlated with activation symptoms 

such as energy, sexual arousal and diminished sleep (R. C. Daly et al., 2001).  

1.2 Administration 

AAS can be ingested orally, by intramuscular injection or transdermally via gels or patches. 

Injectable AAS are typically used weekly, whereas oral compounds have a short half-life and 

are often taken daily (Pope Jr et al., 2013).  AAS is commonly administered in a temporal 

pattern called “cycling”, which involves using the compounds in cycles of 6-18 weeks, with 

drug-free periods in between (Pope Jr et al., 2013). During cycles several AAS compounds 

are often co administered known as “stacking”, with doses 10-100 times greater than the 

natural male production (K. J. Brower, 2002; Pagonis, Angelopoulos, Koukoulis, & 

Hadjichristodoulou, 2006). This exogenous AAS administration suppress the hypothalamic-

pituitary-gonadal (HPG) axis, leading to a decrease or a stop in endogenous testosterone 
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production in men (Reyes-Fuentes & Veldhuis, 1993; Swerdloff, Wang, & Hikim, 2002). 

Thus, the drug-free periods are intendent to prevent tolerance towards AAS and more 

importantly allow recovery of natural hormonal functioning. Many use “post cycle therapy” 

to help the process of recovery along, where commonly used drugs are Clomiphene Citrate 

and tamoxifen, better known as Clomid and Nolvadex (Griffiths, Henshaw, McKay, & Dunn, 

2017). However, many users often become temporarily hypogonadal in AAS-free periods, 

and may experience symptoms like depression, irritability, anxiety, fatigue and insomnia 

(Maravelias, Dona, Stefanidou, & Spiliopoulou, 2005). To avoid these unpleasant symptoms, 

there seems to be a growing trend to administer AAS continuously in a pattern referred to as 

“cruise and blast” (Chandler & McVeigh, 2014; Sagoe et al., 2015), where users alternate 

between periods with high and low doses. This continuous AAS administration does not give 

the HPG axis an opportunity to rebound and restore normal endogenous testosterone 

production.  

Being an illegal substance, AAS is often produced in underground laboratories without any 

control for contamination or concentration (Antonopoulos & Hall, 2016). Furthermore, some 

users resort to unsterile injection equipment for AAS administration, which may result in 

injecting site injuries as well as bacterial and fungal infection and the potential transmission 

of blood borne viruses such as hepatitis B/C and HIV (V. Hope et al., 2015; V. D. Hope et al., 

2013; Ip, Yadao, Shah, & Lau, 2016).Together this may amplify the risk for negative effects 

and might be connected to AAS users having more hospital admissions and higher risk for 

premature death, compared to non-using peers (Horwitz, Andersen, & Dalhoff, 2019; 

Petersson, Garle, Granath, & Thiblin, 2006). 

1.3 Side-effects  

Long-term high-dose AAS use is associated with a wide range of adverse effects, reaching 

way beyond the endocrine system. The following section will give a brief overview of 

physical, psychological and cognitive side-effects of AAS use.  

1.3.1 Medical side-effects 

Both case reports and clinical studies report adverse effects of AASs on several organ 

systems. As aforementioned, it is well recognized that exogenous androgen administration 

leads to suppression of the HPG axis, causing testicular atrophy, decreased endogenous 

testosterone production and reduced spermatogenesis (M. A. Christou et al., 2017; Rahnema, 
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Lipshultz, Crosnoe, Kovac, & Kim, 2014). Prolonged AAS use can cause profound and 

prolonged effects on the reproductive system which may lead to infertility(de Souza & Hallak, 

2011). A varying amount of the androgens is metabolized to estrogen, which can cause 

gynecomastia, the development of female breast (H. G. Pope & Katz, 1994). This is a 

commonly reported side-effect which many users find unsightly, and some remove with 

plastic surgery (Babigian & Silverman, 2001). Cardiovascular conditions are among the most 

serious health complications being linked to AAS-use, including hypertension (Kuipers, 

Wijnen, Hartgens, & Willems, 1991), cardiomyopathy (Baggish et al., 2010; B. M. Clark & 

Schofield, 2005; Sullivan, Martinez, Gennis, & Gallagher, 1998; Vanberg & Atar, 2010), 

myocardial infarction (G. A. Christou, Christou, Nikas, & Goudevenos, 2016; Fisher, 

Appleby, Rittoo, & Cotter, 1996; Halvorsen, Thorsby, & Haug, 2004), cerebrovascular 

accidents such as stroke (Santamarina, Besocke, Romano, Ioli, & Gonorazky, 2008; Shimada 

et al., 2012), coagulation abnormalities (McCarthy, Tang, Dalrymple-Hay, & Haw, 2000) and 

atherosclerotic disease (Baggish et al., 2017; Rasmussen et al., 2017). AAS use has also been 

associated with lipid abnormalities, characterized by a decrease in high-density lipoprotein 

cholesterol (HDL “the good cholesterol”), and increased low-density lipoprotein cholesterol 

(LDL “the bad cholesterol”) (Hartgens, Rietjens, Keizer, Kuipers, & Wolffenbuttel, 2004), 

impaired insulin sensitivity (Rasmussen et al., 2017), and toxicity to liver (Solimini et al., 

2017) and kidney (Habscheid, Abele, & Dahm, 1999). The latter is especially related to orally 

ingested AAS use.  

The most recent concern is that supraphysiological doses of testosterone may have toxic 

effects on different cell types, including neurons, which has been demonstrated by several 

studies (Basile et al., 2013; Caraci et al., 2011; Estrada, Varshney, & Ehrlich, 2006; Orlando 

et al., 2007; Zelleroth, Nylander, Nyberg, Grönbladh, & Hallberg, 2019). Our group has 

recently shown that long-term AAS use is associated with thinner cortex in widespread 

regions and smaller neuroanatomical volumes, although the direction of causality could not 

be determined (Bjørnebekk et al., 2016). Together these findings raise the alarming 

possibility that long-term exposed AAS users might be at increased risk for accelerated brain 

aging. Also, some medical conditions may aggravate others. For instance, different 

cardiovascular conditions are associated with progression of vascular brain injury, brain 

atrophy and cognitive decline [84]. Examples of cardiovascular effects of AAS use, with the 

potential to compromise brain functions, include hypertension, atherosclerosis, dyslipidemia 

and lower insulin sensitivity. 
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1.3.2 Psychological side-effects 

Many AAS users report that they experience positive mood, more energy and better self-

confidence early in the course of AAS-use (Bahrke, Yesalis, & Wright, 1990; Ingemar 

Thiblin & Petersson, 2005). Long-term AAS use on the other hand, is associated with a broad 

spectrum of negative effects on mental health such as anxiety, depression, impulsivity, 

marked irritability and aggression (Kanayama et al., 2008; Kanayama, Hudson, & Pope, 2010; 

Oberlander & Henderson, 2012; H. G. Pope & Katz, 1994; Pope Jr et al., 2013; Yates, Perry, 

& Murray, 1992; Zahnow, McVeigh, Ferris, & Winstock, 2017). In many cases depressive 

symptoms occur during AAS withdrawal, and may partly be due to HPG suppression and low 

testosterone levels (K. Brower, 1997). There seems to be a dose-response relationship 

between AAS use and psychiatric effects, in the sense that psychiatric effects are related to 

the type, combinations, doses and duration of use (Pagonis et al., 2006). There have been 

reports of severe psychiatric effects including psychosis and extreme mood swings ranging 

from mania to depression. Especially worrisome is that these mental states can cause violent 

harm to the user and/or others (K. J. Brower, 2009). Indeed, suicide and homicide have been 

the most frequently reported causes of mortality associated with AAS use (Allnutt & 

Chaimowitz, 1994; K. J. Brower, Blow, Eliopulos, & Beresford, 1989; Klötz, Petersson, 

Isacson, & Thiblin, 2007; Petersson, Garle, Holmgren, et al., 2006; Ingemar Thiblin, Runeson, 

& Rajs, 1999). It is important to note that the majority of the aforementioned studies are 

either case reports or based on cross-sectional data, and therefore causality cannot be 

determined. There are few randomized clinical trials assessing the effect of AAS on humans 

due to ethical constraints, and the ones that have been performed only used moderate doses of 

a single AAS. Nevertheless, men in these studies did also exhibit increased levels of 

forgetfulness, mood swings, irritability, hostility and aggression (H. G. Pope, Kouri, & 

Hudson, 2000; Su et al., 1993). It is argued that the motivation for persistent use despite 

adverse consequences is sustained in large part by psychological variables. Therefore, all 

physicians who treat nonmedical AAS users will benefit from an understanding of these 

psychological variables (K. J. Brower, 2009).  

1.3.2.1 Aggression   

Aggression and hostility are commonly reported behavioral side-effect of AAS (Bagatell, 

Heiman, Matsumoto, Rivier, & Bremner, 1994; Beaver, Vaughn, DeLisi, & Wright, 2008; 

Melloni Jr & Ricci, 2010; H. G. Pope & Katz, 1994; Yates et al., 1992; Yesalis & Bahrke, 
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1995). However, the effects are idiosyncratic as some AAS users experience no aggression or 

behavioral changes whereas others experience pronounced aggression that may have severe 

consequences. Many of the experimental studies administering between 300-600 mg/week of 

AAS to voluntary participants find few psychopathological effects (Anderson, Bancroft, & 

Wu, 1992; Bagatell et al., 1994; Tricker et al., 1996; Yates, Perry, MacIndoe, Holman, & 

Ellingrod, 1999a) , although some report increased irritability and aggression (Hannan Jr et 

al., 1991; Kouri, Lukas, Pope Jr, & Oliva, 1995; H. G. Pope et al., 2000; Yates, Perry, 

MacIndoe, Holman, & Ellingrod, 1999b). There are several studies that report an association 

between AAS use and criminality (Beaver et al., 2008; Lundholm, Käll, Wallin, & Thiblin, 

2010; Skårberg, Nyberg, & Engström, 2010), but it’s been debated whether violent acts are 

related to AAS alone or the combination with polysubstance abuse. Most studies linking AAS 

use with violence consist of AAS users with a polysubstance abuse (P. Choi, Parrott, & 

Cowan, 1990; P. Y. Choi & Pope, 1994; Lundholm, Frisell, Lichtenstein, & Långström, 2015; 

Ingemar Thiblin, Kristiansson, & Rajs, 1997; I Thiblin & Pärlklo, 2002). Still, some studies 

report an overrepresentation of violent crime in AAS users even after controlling for other 

substance abuse (Beaver et al., 2008; Klötz et al., 2007). Its hypothesized that the expression 

of aggressive behavior is related to high levels of testosterone induced by AAS (Melloni Jr & 

Ricci, 2010). However, there is an ongoing debate about whether and how testosterone 

increase aggression. Several studies on both animals and humans report a positive association 

between testosterone and aggression (Brooks & Reddon, 1996; Hannan Jr et al., 1991; 

Melloni Jr & Ricci, 2010; Olweus, Mattsson, Schalling, & Loew, 1988), but the causal 

relationship is complex and there may be several mediating factors such as antisocial 

personality traits (R. J. R. Blair, 2001), other hormones (Montoya, Terburg, Bos, & Van 

Honk, 2012; Terburg, Morgan, & van Honk, 2009) and dysfunctional executive control 

(Barratt, Stanford, Dowdy, Liebman, & Kent, 1999; Barratt, Stanford, Kent, & Alan, 1997; 

Stanford, Houston, Villemarette-Pittman, & Greve, 2003). In accordance to this, it has 

recently been reported that testosterone’s effects on aggression seem to depend on personality 

traits such as high in dominance and low self-control (Geniole et al., 2019).  

1.3.3 Cognitive side-effects 

Studies on both humans (R. Daly et al., 2003; Heffernan, Battersby, Bishop, & O'Neill, 2015; 

Kanayama, Kean, Hudson, & Pope, 2013; Kaufman et al., 2015) and animals (Magnusson et 

al., 2009; Tanehkar et al., 2013) have demonstrated adverse cognitive effects associated with 
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AAS exposure. Randomized clinical trials have revealed increased distractibility, 

forgetfulness, and confusion in response to AAS administration in healthy male volunteers 

without a history of AAS use (R. Daly et al., 2003; Su et al., 1993). Studies based on cross-

sectional data has shown impaired visuospatial memory in long-term AAS users escalating 

with the degree of use (Kanayama et al., 2013) and more self-reported prospective memory 

lapses and executive function deficits in AAS users compared to non-users (Heffernan et al., 

2015). Our research group recently reported that AAS use was associated with poorer 

performance across several cognitive domains. The strongest effects were observed for 

processing speed, working memory and problem-solving. Moreover, longer duration of AAS-

use was associated with poorer memory function (Bjørnebekk et al., 2019).   

1.3.4 Prevalence of side-effects 

There is little knowledge about the prevalence of the various adverse effects of AAS use, and 

whether they are temporary changes, may persist for a long time-period or even permanently. 

It has been debated whether AAS-associated pathology is exaggerated, in the sense that cases 

of rare and/or serious consequences tend to find their way into published case reports 

(Kanayama et al., 2008). One the one hand, some argue that the great majority of AAS users 

are healthy and that the dangers of AAS are exaggerated (Jason Cohen, Collins, Darkes, & 

Gwartney, 2007; Collins, 2002). On the other hand, others state that the adverse effects of 

AAS might be underestimated rather than overestimated because the majority of individuals 

with a lifetime history of AAS use are only now beginning to reach middle age, and thus 

long-term effects are just starting to be revealed (Kanayama et al., 2008). Accumulating 

evidence supports this notion, although it is important to note that the side-effects of AAS are 

idiosyncratic as some experience few whereas others experience severe consequences 

(Kanayama, Hudson, et al., 2010). The mechanisms and intra-individual differences 

underlying these effects are largely unknown, though the range and severity are known to 

increase with the burden of use and in AAS dependence (Pagonis et al., 2006; Pope Jr et al., 

2013). 

1.4 AAS dependence 

“Hooked on Hormones” was the title of the first paper recognizing that anabolic androgenic 

steroid abuse can develop into dependence, published for over three decades ago by Kashkin 

and Kleber (1989). The authors express that AAS can alter mood, as well as physique, and 

thus share similarities with mood-altering substances of abuse. Furthermore, it was described 
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that acute and delayed withdrawal symptoms can occur upon AAS discontinuation. Since 

then, there has been a considerable debate about the underlying mechanisms of AAS 

dependence, especially regarding the rewarding properties of AAS and consequently how it is 

diagnosed. 

1.4.1 Diagnosing AAS dependence 

In the late 1980’s Brower et al. attempted to diagnose AAS dependence using The American 

Psychiatric Association´s Diagnostic and Statistical Manual of Mental Disorders (DSM), 3
th 

edition, (DSM-III-R) in both case reports and clinical studies (K. J. Brower, Blow, Beresford, 

& Fuelling, 1989; K. J. Brower, Blow, Young, & Hill, 1991; K. J. Brower, Eliopulos, Blow, 

Catlin, & Beresford, 1990). In most cases the men met two of the DSM-III-R criteria for 

substance dependence characterized by continued abuse despite adverse effects and 

withdrawal symptoms. On the contrary, there was more variation regarding the DSM-III-R 

criterions related to acute intoxication. These criterions were described to be specifically 

difficult to assess as AAS produce little acute intoxication. In the following years many 

studies reported similar findings, yielding the need for an instrument specifically adapted to 

apply to AAS dependence (Copeland, Peters, & Dillon, 2000; Gridley & Hanrahan, 1994; 

Midgley, Heather, & Davies, 1999). In 2009 Kanayama et al. addressed this issue, and design 

an instrument based upon the standard substance-dependence criteria of DSM–IV, but 

modified and adapted to apply specifically to AAS dependence (Kanayama, Brower, Wood, 

Hudson, & Pope Jr, 2009b). Figure 1 summarizes the criteria and the additions added to fit 

AAS dependence. Specifically, the differences between AAS and other drugs of abuse 

regarding intoxication have been addressed (Kanayama, Brower, et al., 2009b). 
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Figure 1. DSM-IV criteria for AAS dependence. Kanayama et al. 2009 

There is not always consistency in the definition of the terms abuse, misuse/at-risk use, 

dependence and addiction, which may cause some confusion. Brower (2009) purposes a 

hierarchical structure of the terms with dependence/addiction being the most severe form, 

followed by abuse and lastly misuse or at-risk use. In this model misuse is described as any 

non-medical AAS use, abuse refers to continued use despite adverse consequences but still in 

under the user’s control. Abuse is considered a stage that precedes the development of 

dependence. The terms dependence and addiction may vary in their definitions with regards 

to the physiological part of dependence, which is characterized by increased tolerance and 

withdrawal symptoms (K. J. Brower, 2009). The present thesis adopts Brower’s hierarchical 
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structure of terms, but the term dependence and addiction will be used synonymously and 

refers to a maladaptive pattern of AAS use causing clinically significant impairment or 

distress, manifested by three (or more) of the DSM-IV criteria. 

1.4.2 Underlying mechanisms and characteristics of AAS dependence  

It has been suggested that AAS dependence might develop through different mechanisms, 

implicating body-image, neuroendocrine factors and rewarding mechanisms (Kanayama, 

Brower, Wood, Hudson, & Pope, 2010; Kanayama, Brower, et al., 2009a). First, obsession 

with body image and muscular size may be both a reason for initiating and continuing AAS 

use. Some users becomes pathological obsessed with muscle size and develop the body-

image disorder “muscle dysmorphia”, also known as “anorexia nervosa in reverse” (Pope Jr, 

Katz, & Hudson, 1993). Muscle dysmorphia is characterized by a pathological fear of losing 

muscular and the individuals often perceive themselves as small and weak despite actually 

being large and muscular (H. G. Pope, Gruber, Choi, Olivardia, & Phillips, 1997). Recent 

research indicates that muscle dysmorphia is related to initiating AAS abuse, but not to the 

development of a dependency syndrome (Kanayama, Pope, & Hudson, 2018). Second, the 

neuroendocrine perspective focuses on the consequences of HPG suppression that may cause 

hypogonadism, which in turn can lead to symptoms of fatigue, loss of libido and depression. 

AAS use may be continued in order to escape these unpleasant symptoms. Third, the 

rewarding and reinforcing effects of AAS may contribute to continuation of abuse. There are 

many psychological reinforcing effects like increased self-confidence and body-image, and 

the social unity with the gym-buddies. Former NFL star Lyle Alzado stated the following in 

sports illustrated: “It was addicting, mentally addicting. I just didn’t feel strong unless I was 

taking something” (Alzado, 1991). In addition to the psychological reinforcing properties, 

accumulating evidence from animal studies indicate that AAS may also have a 

neurobiological reinforcing effect (Kanayama, Brower, et al., 2010). Studies report that both 

rats and hamsters self-administer AAS (DiMeo & Wood, 2006; Triemstra & Wood, 2004; 

Wood, Johnson, Chu, Schad, & Self, 2004), some even self-administered to the point of death 

(Wood, 2008). The rewarding effects of AAS has also been demonstrated through the 

conditioned place preference paradigm, where both male rats (Alexander, Packard, & Hines, 

1994; Frye et al., 2002) and mice (Arnedo, Salvador, Martinez-Sanchis, & Gonzalez-Bono, 

2000) spend more time in the compartment associated with AAS administration. 
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Hildebrandt, Yehuda, and Alfano (2011) developed another model for AAS dependence, the 

allostatic AAS addiction model. The model states that individuals who use AAS begin from a 

negative hedonic state and use both exercise and AASs to alter this lower hedonic set point. 

For example, an individual with low self-esteem and body-image uses exercise and AAS to 

achieve their body ideal. The authors claim that the synergistic effects of AAS and exercise 

together improve hedonic tone, and thus exert rewarding effects for the user. Furthermore, the 

model state that the development of physiological addiction is a result of both exercise and 

AAS use pressuring the homeostatic system. This can result in allostatic overload, causing 

different adverse side-effects. The transition into a dependency syndrome is marked by the 

use of substances to reduce the side-effects of allostatic overload, e.g. HPG suppression and 

low testosterone levels. Hildebrandt’s explanation for the transition into dependence is 

actually quite similar to the neuroendocrine perspective introduced by Kanayama et al. 

(Kanayama, Brower, et al., 2010; Kanayama, Brower, et al., 2009a). 

Recently, Hildebrandt, Heywood, Wesley, and Schulz (2018) further developed their model 

to include the mechanisms by which AAS may cause behavioral changes. The authors 

theorize that androgen intoxication can be defined by a pattern of poor self-regulation 

characterized by increased propensity for a range of maladaptive behaviors (e.g., aggression, 

sex, drug seeking, etc.) as a result of androgen mediated effects on general brain arousal. This 

theory posits that androgens reduce threshold for emotional reactivity, motor response, and 

alertness to sensory stimuli and disrupt inhibitory control over the behaviors associated with 

androgen use (Hildebrandt et al., 2018). Furthermore, the authors states that AASs are used 

almost exclusively for their effects on the body and not for their ability to produce pleasure in 

the brain (Hildebrandt et al., 2011). While this may be true for many AAS users, this notion 

does not capture the heterogeneity of the AAS user group with regards to both motivation for 

using AAS and how the compounds affect the individual. In the authors experience many 

AAS users report that while the muscle building properties may have been the reason for 

initiating AAS use, the continuation of use can be related to several other factors, such as the 

AAS causing anxiolytic effects and feelings of well-being. Indeed, it has been argued that the 

motivation for persistent use despite adverse consequences is sustained in large part by 

psychological variables (K. J. Brower, 2009). Christiansen, Vinther, and Liokaftos (2017) 

propose a theoretical framework characterizing different types of approaches to AAS use 

taking the variance into account. The framework consists of four ideal-typical approaches to 

the use of AAS among male gym users; 1) The Expert type, 2) The well-being type, 3) The 



 

13 
 

“you only live once” (YOLO) type and 4) The Athlete type.  The types are based on two 

overarching categories; the user’s approach to risk and effectiveness. The four types vary 

according to level of knowledge, focus on harm-reduction, the motives and aim of using AAS 

etc. The authors propose this typology as a useful heuristic tool for investigation and 

explanation of AAS use in gyms, but that it is important to consider the variation both across 

and within types. The diversity of the AAS group is further elaborated in section 5.2.5 

Individuality.  

A growing body of literature supports the notion that AAS dependence share similarities with 

other drug dependencies, both psychological and neurobiological (K. J. Brower, 2002; 

Grönbladh et al., 2016; Kanayama, Brower, et al., 2009a; Wood, 2008). Reports from the few 

studies exploring features of AAS dependence, indicates that dependent AAS users seem to 

be a vulnerable group, reporting more intra- and interpersonal problems compared to non-

dependent users, and AAS dependence is associated with higher levels of involvement in 

aggressive and anti-social behaviors (Copeland, Peters, & Dillon, 1998; Copeland et al., 2000; 

Kanayama, Hudson, et al., 2009). Still, these complex relations are only beginning to be 

explored. 

1.5 Polysubstance abuse 

Several studies report that AAS use is associated with other substance use, such as 

amphetamine, gamma-hydroxybutyrate (GHB), cocaine, marijuana/cannabis and epinephrine 

(Kanayama, Cohane, Weiss, & Pope, 2003; Molero, Bakshi, & Gripenberg, 2017; Schwingel, 

Zoppi, & Cotrim, 2014; Skårberg, Nyberg, & Engström, 2008). Some of these substances 

may interact adversely with AASs and have been associated with aggression, violence and 

premature mortality (Darke, Torok, & Duflou, 2014; Kanayama, Pope Jr, Cohane, & Hudson, 

2003; Lundholm et al., 2015). Studies report that AAS users often had experimented with or 

were regular users of other substances before AAS debut (Cornford, Braun, Oldendorf, & 

Hill, 1982; Hoff, 2012; Kanayama, Pope Jr, et al., 2003), at the same time there is also 

concern about AASs being a gateway for other drugs of abuse, specifically opiates (Arvary 

& Pope Jr, 2000; Wines Jr, Gruber, Pope Jr, & Lukas, 1999).   

1.6 The addicted brain 

In general, long-term exposure to addictive substances of various sorts seems to induce 

structural changes in the brain (Ersche, Williams, Robbins, & Bullmore, 2013; Fortier et al., 

2011; Mackey et al., 2018; Robinson & Kolb, 1997, 1999). However, there is some 
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discussion regarding to what degree different drugs of abuse affect brain structure. The most 

stable finding appears to be reduced gray matter in frontal and prefrontal cortex, whereas the 

exact prefrontal regions showing structural abnormalities might show some variation between 

studies. A meta-analysis of structural MRI studies (Ersche et al., 2013) found that stimulant 

drugs was associated with reduced gray matter in the ventromedial frontal, anterior cingulate, 

inferior frontal and insular regions, whereas familial vulnerability for addiction seems to 

involve limbic-striatal structures. Of interest these authors also reported that recreational 

cocaine users with no family history of dependence, that had used cocaine on a regular basis 

without making the transition into dependence showed increased gray matter volume in the 

orbitofrontal cortex, anterior cingulate and insula. They suggest that the increased gray matter 

volume could be a substrate of resilience against addiction. Furthermore, studies of alcohol 

dependence report bilateral decreases in cortical thickness in widespread regions, with strong 

effects in frontal areas (Fortier et al., 2011; Mackey et al., 2018).  

Morphological changes in the brain seem to be important mediators for addictive behavior 

(Russo et al., 2010), assuming a link between brain structural variability and cognitive 

function. Coinciding with this, several neuroimaging studies demonstrate that substance 

abuse is associated with brain metabolism, morphology and/or functional abnormalities 

during cognitive tasks in frontal and prefrontal regions (Bolla et al., 2004; Fortier et al., 2011; 

Liu, Matochik, Cadet, & London, 1998; Mackey et al., 2018; Matochik, London, Eldreth, 

Cadet, & Bolla, 2003; Volkow et al., 1992). These regions are typically assumed to reflect 

important nodes in the extended brain network supporting cognitive functions crucial for 

adaptive functioning, such as executive functions (EFs) and social cognition (E. K. Miller & 

Cohen, 2001).  

 

1.7 Executive function 

EFs can be defined as several cognitive control mechanisms mediating the ability to 

successfully regulate thoughts, emotions and behaviors in a goal directed manner (Diamond, 

2013). Consequently, EFs are skills essential for mental and physical health and adaptive 

social functioning. Numerous studies report associations between substance abuse and 

impaired EFs (Fernandez-Serrano, Pérez-García, Schmidt Río-Valle, & Verdejo-Garcia, 2010; 

Loeber et al., 2009; Lundqvist, 2005; Pitel et al., 2009; Verdejo-García & Pérez-García, 

2007), and alterations in brain systems sub-serving these functions such as prefrontal cortex 

(Fortier et al., 2011; Mackey et al., 2018). Furthermore, executive deficits is typically more 
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generalized and of greater magnitude in individuals with a dependency syndrome, compared 

to what have been seen for recreational users (Verdejo-García & Pérez-García, 2007). Thus, 

executive dysfunction appear to be heavily implicated in addictive behavior, and poses a 

partial explanation to why users continue to abuse despite adverse outcomes on psychical, 

emotional and social well-being. No previous studies have explored executive function in 

relation to AAS dependence. 

 

1.8 Emotion recognition 

Emotion processing is an important dimension of social cognition involving the identification, 

facilitation, and interpretation of emotional stimuli as well as the management and use of 

emotions. Inferably, emotion processing is crucial for perspective-taking and empathetic 

feelings as well as appropriate behavioral response. Reading body language and motion is a 

central part of emotional processing, and is of immense value for adaptive social behavior 

and nonverbal communication (Heberlein & Atkinson, 2009). Humans need minimal 

information to infer emotions, intentions and dispositions of others, and have the ability to 

extract accurate perceptual information based solely on biological motion (Heberlein, 

Adolphs, Tranel, & Damasio, 2004; Hubert et al., 2007; Pavlova, 2011; Puce & Perrett, 2003; 

Vaskinn et al., 2016), and even simple geometrical shapes moving to mirror human 

interaction (Abell, Happe, & Frith, 2000). Deficits in emotional processing and response have 

been observed in various psychiatric populations (Leppänen, 2006; Loi, Vaidya, & Paradiso, 

2013; Vaskinn et al., 2017; Vaskinn et al., 2016), and in substance abuse populations, where 

such deficits are thought to contribute to the maintenance of drug addictive behavior 

(Goldstein & Volkow, 2002; Townshend & Duka, 2003; Verdejo-García, Bechara, Recknor, 

& Perez-Garcia, 2006). Testosterone is thought to play an important role in social-cognitive 

abilities such as emotional processing, explaining the sexual dimorphism on these abilities 

(Baron-Cohen, Knickmeyer, & Belmonte, 2005; Baron-Cohen, Richler, Bisarya, Gurunathan, 

& Wheelwright, 2003). Both human (Bos, Terburg, & Van Honk, 2010; Bos, van Honk, 

Ramsey, Stein, & Hermans, 2013; Erno J Hermans, Putman, Baas, Koppeschaar, & van Honk, 

2006; Erno Jan Hermans, Putman, & Van Honk, 2006; Erno J Hermans, Ramsey, & van 

Honk, 2008; van Honk, Peper, & Schutter, 2005; Van Honk et al., 2011; van Honk et al., 

1999)and animal (Aikey, Nyby, Anmuth, & James, 2002) studies have demonstrated that 

external testosterone administration can alter emotional processing. However, little is known 

about the effects of supraphysiological doses of AAS on emotional processing. 
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2 Aims 

The abuse of AAS has the potential to cause severe long-term health consequences and is 

considered to be a major international public health problem. An accumulation of side-effects 

is seen with long-term use and dependence. Still, research on long-term AAS use and 

dependence is only in its infancy and little information is available on characteristics of  AAS 

dependence and treatment recommendations (K. J. Brower, 2009). As a result, many 

healthcare professionals are unfamiliar with the effects of AAS abuse and dependence, and 

thus lack the foundation for giving proper treatment. The overreaching aim of the thesis is to 

expand the knowledge about biological, psychological and cognitive features related to AAS 

dependence, providing important knowledge for both preventive work and treatment. 

Paper I. Long-term exposure to addictive substances of various sorts seems to induce 

structural changes in the brain and such morphological changes is considered to be important 

mediators for addictive behavior. No previous studies have explored brain morphology in 

AAS dependent users. We aim to explore potential brain correlates of AAS dependence, 

including regional brain volume and cortical thickness. 

Paper II. Emotion recognition is an important aspect of social cognition and crucial for 

adaptive social functioning. Deficits in emotional processing and response have been 

observed in various psychiatric populations, including substance abuse. The current paper is 

the first to explore emotion recognition ability in relation to long-term AAS use and 

dependence. 

Paper III. Substance abuse is associated with impaired executive function, which may 

increase the likelihood of drug-seeking behavior despite repeatedly adverse outcomes on 

psychical, emotional and social well-being. No previous studies have tested for associations 

between executive function and AAS dependence. The aim of Paper III is to explore 

executive function in relation to long-term AAS use and dependence.  
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3 Methods 

 

3.1 Study design 

The papers included in the thesis are based on cross-sectional data from the longitudinal 

research project “Long-term anabolic androgenic steroid use on brain structure, cognitive 

functioning and emotional processing”. The first data collection period was from 2013 to 

2015 (Time-point I) and the second from 2017 to 2019 (Time-point II). The study was 

conducted at Oslo University Hospital, in collaboration with several departments. It is an 

interdisciplinary project involving a broad examination, including structural and functional 

brain imaging, cardiovascular examination, blood samples, urine samples, 

neuropsychological assessment and interview, in addition to self-report questionnaires 

assessing mental health amongst other things.  

3.2 Participants 

The study sample consists of adult males involved in heavy strength training. The participants 

were either previous or current AAS users reporting at least 1 year of cumulative AAS use 

(summarizing on-cycle periods), or men who had never used AAS or equivalent doping 

substances. The comparison group was matched on weight training and age. Participants were 

recruited via social media (Facebook) and online forums and webpages targeting people 

interested in heavy weight training or bodybuilding. Additionally, posters and flyers 

distributed in selected gyms in Oslo, Norway. There was also some recruitment through the 

snowball effect, where participants recommended the projects to peers. Prior to participation, 

all participants received a brochure with a description of the study, and written informed 

consent was collected. The study was conducted in accordance with the Declaration of 

Helsinki and received ethical approval from the Regional Committee for Medical and Health 

Research Ethics in South-Eastern Norway (2013/601). 

Paper I and II – The study sample was from Time-Point I. In total 159 men participated in the 

study, 89 current or previous AAS users and 70 non-users. Nine participants were excluded 

for various reasons such as, not matching the AAS group on strength training regime, not 

fulfilling the criteria of having ≥ 1 year of cumulative AAS exposure, not showing up for 

examinations, having an epilepsy diagnosis or a pacemaker implant. Participants received 

NOK 1.000 (≈ $125) as compensation for taking part in the study.  
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Paper III – The study samples was from Time-Point II and includes participants 3.5 years 

after first inclusion (about 50% of the current sample) in addition to newly recruited 

participants. The total sample was 176 men, 97 current or previous AAS users and 79 non-

users. Two participants were excluded, one had an epilepsy diagnosis and one had frontal 

lobe sequelae after an accident. The participants were compensated for their participation 

with a gift certificate equivalent to 500 NOK (approximately 60$). 

3.3 Measures 

3.3.1 Questionnaires 

Paper I and II. The participants received the questionnaires and a prepaid envelop when they 

registered for the study. They could then fill them out when it was convenient and either post 

them back to us or bring them to one of the examinations.  

Paper III. The questionnaires were completed online using a tool called “Nettskjema” (web 

questionnaire), developed and operated by the University Information Technology Center 

(USIT) at the University of Oslo. Nettskjema is specifically designed to meet Norwegian 

privacy requirements, and the tool is integrated with Sensitive Data (TSD) Services. All data 

is encrypted before being transferred to storage in a highly secure project area.  

The following questionnaires were used in the thesis; 

3.3.1.1 Characteristics related to AAS use 

The AAS users completed self-report questionnaires mapping their AAS use, including 

motives behind their usage, age of onset, administration pattern, years of use, length of cycles 

and number of life-time cycles, side-effects, average weekly dosage, where in the cycle they 

were at the time of assessment, and whether and when they had ceased using AAS. 

Additionally, they reported whether they had been in contact with the healthcare system and 

the reason why they had or had not seen a doctor.    

3.3.1.2 Executive Function 

A short version of the self-report questionnaire Behavior Rating Inventory of Executive 

Function-Adult version (BRIEF-A) (Roth, Isquith, & Gioia, 2005), was used to asses 

executive functions in everyday life. Originally BRIEF-A consists of 75 items that comprise 

nine sub-scales that measure different aspects of executive functioning, measured on a three-



 

19 
 

point response scale; “never” (0), “sometimes” (1), and “often” (2). We selected the three 

questions with the highest correlation coefficient of each subscale; Inhibition, Shift, 

Emotional Control, Self-Monitor, Initiate, Working-Memory, Plan/Organize, Task-Monitor 

and Organization of Materials. Additionally, we calculated a sum score by adding all the 

subscales. 

3.3.1.3 Attention Deficit Hyperactivity Disorder  

The Adult ADHD Self-Report Scale (ASRS) v1.1 (Kessler et al., 2005; Kessler et al., 

2007)was used to assess ADHD symptoms. The ASRS is a symptom checklist developed by 

the World Health Organization (WHO) and is based on the ADHD diagnostic criteria of 

DSM-IV. The full version consists of 18 items, and the short screener is based on the six 

questions that were found to be the most predictive of symptoms consistent with ADHD 

(Kessler et al., 2007). Each item requires respondents to rate how frequently a particular 

symptom of ADHD occurred over the past six months on a five-point response scale from 

‘‘never’’ (0) to ‘‘very often’’ (4). Based on the classification methods recommended by 

Kessler et al. a four-stratum classification were created: stratum I (score 0–9), stratum II 

(score 10–13), stratum III (score 14–17), and stratum IV (score 18–24). Also, a total sum 

score of all the eighteen items and a total inattention and hyperactivity-impulsivity score were 

obtained, as an equally weighted sum of response scores. 

3.3.1.4 Mental health 

For Paper I and II measures of past six months’ use of alcohol and illegal drugs, behavioral-, 

emotional- and social problems were obtained from the DSM-oriented scales of the 

Achenbach System of Empirically Based Assessment (ASEBA) – Adult Self-Report 

(Achenbach, Dumenci, & Rescorla, 2003). Psychiatrists and psychologist from ten cultures 

rated these scales as very consistent with categories of the DSM-IV. The scale comprises the 

following categories; drug and alcohol use, depression, anxiety, somatization, attention 

deficit/hyperactivity, avoidant and antisocial personality problems. 

In Paper III we used The Hopkins Symptom Checklist-25 (HSCL-25), derived from the 90-

item Symptom Checklist (SCL-90) (Derogatis, Lipman, Rickels, Uhlenhuth, & Covi, 1974) 

to assess psychological distress. It consists of a 10-item subscale for anxiety and a 15-item 

subscale for depression, where each item is scored on a Likert scale from 0 (not at all) to 3 

(extremely). 
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3.3.1.5 Drug and alcohol use 

Paper I and II: The use of alcohol and non- AAS drugs was determined by the drug and the 

alcohol dependence scales from the Millon Clinical Multiaxial Inventory-III (MCMI-III) 

and/or information from drug scales from the ASEBA questionnaire. MCMI-III is a 175-item, 

true–false, self-report inventory assessing personality disorders and clinical syndromes 

(Millon, Millon, Davis, & Grossman, 1997). Each subscale is scored using base rate scores, 

ranging from 1-115 where a score of 75 or above is considered the cutoff for the presence of 

a clinical syndrome. Participants that obtained a base rate score of 75 or above on one of the 

MCMI-III drug scales fulfilled the criteria of having a “previous or current non-AAS drug 

abuse”. 

Paper III: Current alcohol use was assessed with Alcohol Use Disorders Identification Test 

(AUDIT) (Saunders, Aasland, Babor, De la Fuente, & Grant, 1993), a 10 item self-report 

questionnaire. The generally accepted cut-point of for identifying a potential alcohol problem 

is 8 (Reinert & Allen, 2002), which provided us with the two following groups 1) “Alcohol 

risk-use” or 2) “Alcohol under-cutoff”. The 11-item self-report Drug Use Disorders 

Identification Test (DUDIT) (Berman, Bergman, Palmstierna, & Schlyter, 2005) was used to 

assess current non-AAS drug use, and the two following groups 1) “Drugs risk-use” or 2) 

“Drugs under-cutoff” was made based on a cutoff point of 6. 

3.3.2 Structured Clinical Interview 

The presence of AAS-dependence was evaluated in a standardized clinical interview using a 

version of the Structured Clinical Interview for DSM-IV (SCID II) (First, Spitzer, Gibbon, & 

Williams, 1996), adapted to apply to AAS-dependence (Kanayama, Brower, et al., 2009b). 

As aforementioned, this instrument is based upon the standard substance-dependence criteria 

of DSM–IV, but has been modified and adapted to apply specifically to AAS dependence 

(Kanayama, Brower, et al., 2009b). In a preliminary study the interrater reliability and 

internal consistency of this instrument was assessed. The researchers reported good interrater 

reliability and internal consistency, and the study also provided some evidence that the 

diagnosis of AAS dependence identifies a valid syndrome (Pope Jr et al., 2010).  The 

instrument captures essential characteristics of the AAS use, and the degree to which the 

pattern of use affects the life, physical and mental health of the users.  
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The interview was conducted before the neuropsychological test session. In extension of the 

SCID interview we mapped characteristics related to AAS use, including motives behind 

their usage, age of onset, administration pattern, years of use, length of cycles and number of 

life-time cycles, side-effects, average weekly dosage, where in the cycle they were at the time 

of assessment, and whether and when they had ceased using AAS. In line with previous 

reports (Kanayama, Hudson, et al., 2009; H. Pope & Katz, 2003) we calculated an estimate of 

total “life-time AAS exposure” as the product of lifetime average weekly dose calculated as 

mg of testosterone equivalent and lifetime weeks of AAS exposure.   

3.3.3 Neuropsychological assessment 

Following the semi-structured interview, we administered a battery of cognitive and affective 

tests, and rating scales taking approximately two and a half hours in total. The following 

cognitive domains were assessed;  

3.3.3.1 General intelligence  

In Paper I and II the intelligence quotient (IQ) was estimated using the Vocabulary and the 

Matrix Reasoning subtests from the Wechsler Abbreviated Scale of Intelligence (WASI) (D 

Wechsler, 1999). In Paper III IQ was estimated using four subtests of the Wechsler 

Abbreviated Scale of Intelligence (WASI) (D Wechsler, 1999). Two subtests measure visual 

problem-solving capacities; Matrix Reasoning and Block design. The other two subtests 

assess verbal comprehension; Vocabulary and Similarities. 

3.3.3.2 Working memory 

Working memory was assessed via the computerized EPRIME task Letter-Memory, where 

the participants watches a series of letters on the screen, one at the time, and is asked to recall 

the last four. Additionally the digit span subtest from WAIS was administered (David 

Wechsler, 1997), where the participants are required to repeat number sequences, first 

forwards and then backwards. 

3.3.3.3 Cognitive flexibility and inhibition 

Cognitive flexibility and inhibition was assessed by the Trail-Making tests (TMT) and the 

Color-Word Interference tests (CWIT) from the Delis-Kaplan Executive function (D-KEFS) 

test battery (Delis, Kaplan, & Kramer, 2001). The TMT test provides information about 
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visual search speed, scanning, speed of processing, mental flexibility, as well as executive 

functioning (Bowie & Harvey, 2006).The CWIT assesses the ability to inhibit cognitive 

interference, which occurs when the processing of a stimulus feature affects the simultaneous 

processing of another attribute of the same stimulus, e.g. when a color is written with ink of 

another color (Golden & Freshwater, 1978). We used the subtest The Stop Signal Task (SST) 

from the Cambridge Neuropsychological Test Automated Battery (CANTAB) (De Luca et al., 

2003; Goldberg, 2013) to assess inhibitory control.   

3.3.3.4 Executive functions 

In Paper III we used a selective battery of NP tests designed to assess different components of 

EFs. See table 1. 

Table 1. Test administered and which executive sub-function they tap 

 

 

Name of test / Test battery Subtest Function assessed Component 

Wechsler Abbreviated Scale of 

Intelligence (WASI) 

Block Design 

Matrix 

Reasoning 

Visuospatial reasoning   

Visual abstract problem-

solving and reasoning 

Problem-

solving 

Problem-

solving 

Wechsler Scale of Intelligence (WAIS) Digit span Auditory working 

memory 

Working 

memory 

Letter Memory Task (LMT) LMT, 

computerized 

Visual working memory Working 

memory 

Stroop Color-Word Interference test 

(CWIT), Delis-Kaplan Executive 

function system 

CWIT 3 

CWIT 4 

Interference control 

Mental flexibility and 

interference control 

Mental 

flexibility 

Mental 

flexibility 

Trail Making Test (TMT), Delis-

Kaplan Executive function system 

TMT 4 Mental flexibility and 

shifting 

Mental 

flexibility 

The Stop Signal Task (SST), 

CANTAB,  computerized 

SSTSSRT  Response inhibition Inhibition 
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3.3.4 Emotion Biological motion Task 

In paper II, we used the Emotional Biological Motion task (EmoBio) (Heberlein et al., 2004), 

which an adapted version (Couture et al., 2010) of a point-light display (PLD) task. These 

tasks are commonly used to assess emotion recognition from body movement and displays 

recordings of a person moving in a dark room with light sources attached to different parts of 

the body (Johansson, 1973). PLD tasks been shown to elicit disorder-specific social cognitive 

biases documented using other methodologies, and is considered to be a useful method of 

studying emotional processing (Loi et al., 2013).The EmoBio task comprises 22 short PLD 

video clips of actors eliciting five different emotions: angry, fearful, happy, sad, and neutral 

(no emotion). Each of the video clips is displayed on a computer screen and participants 

indicate which of the emotions is presented by ticking the right box on a piece of paper. 

PLD’s is thought to be a good way to operationalize body language reading in the sense that 

it eliminates availability of structural cues such as color or shapes, and thereby enables 

investigation of pure motion (Okruszek, 2018; Pavlova, 2011). Consistent with previous work 

(Couture et al., 2010; Heberlein et al., 2004; Vaskinn et al., 2016), we adopted the 

proportional scoring method using the control group as reference category. For instance, 

where 75% of the control group indicate “angry”, 15% indicate “fear”, and 10% indicate 

“happy”, an “angry” response receives a score of 1 (75/75), a “fear” response is scored 0.20 

(15/75), and a “happy” response receives a score of 0.13 (10/75). When applying this scoring 

method, a certain degree of variability is accepted as normal. Norwegian norms were used in 

line with a similar study (Vaskinn et al., 2016). An overall EmoBio score was computed by 

adding summarizing scores on all items. Index scores were also computed for each emotion 

subcategory by adding summarizing corresponding items.  

3.3.5 Brain imaging and analyses 

Magnetic resonance imaging (MRI) data was obtained on a Siemens Skyra 3T scanner 

equipped with a 24-channel head coil. Structural MRI data was acquired with a T1-weighted 

3D magnetization-prepared rapid gradient-echo (MPRAGE) sequence with the following 

parameters: repetition time = 2300 ms; echo time = 2.98 ms; inversion time = 850 ms; flip 

angle = 8°; bandwith = 240 HZ/pixel; field of view = 256 mm; voxel size = 1.0 x 1.0 x 1.0 

mm; 176 slices sagittally oriented; acquisition time = 9:50. Scan quality was consecutively 

inspected during the scanning session, and rerun in cases of movement to ensure good quality. 

All datasets were automatically processed and analyzed using FreeSurfer (version 5,3; 
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http://surfer.nmr.mgh.harvard.edu) (Fischl & Dale, 2000; Ségonne, Grimson, & Fischl, 2005). 

FreeSurfer is a brain imaging software package, originally developed by Bruce Fischl, 

Anders Dale, Martin Sereno and Doug Greve. The program includes tools for the analysis of 

neuroimaging data that provides an array of algorithms to quantify the functional, 

connectional and structural properties of the human brain. Using one of FreeSurfers work 

packages, the cortical surface was reconstructed for each subject to measure both surface area 

and thickness at each surface location or vertex. The individual thickness maps were 

smoothed using a Gaussian kernel of 15mm. Sub-cortical volumes were obtained from the 

automatic volume segmentation procedure (Fischl et al., 2002; Fischl et al., 2004). Estimated 

intracranial volume (ICV) was controlled for in the analyses. The quality of the spatial 

registration and tissue segmentations was considered to be of sufficiently good quality to 

avoid manual editing, thus ensuring that we will have no impact on the data.        

3.3.6 Statistical analyses 

All statistical analyses were conducted using SPSS version 25.0.0.1 (IBM Corp., 2017). 

Comparisons of demographic data between three groups were performed using One-Way 

Analysis of Variance (ANOVA), and Chi square tests for categorical data. To compare 

characteristics related to AAS use between the AAS subgroups, two-tailed independent 

sample t-tests and Chi square test was used. Multivariate Analysis of Covariance 

(MANCOVA) was used to test for differences in the dependent variables, with various 

variables as covariates depending on the analyses. Differences between group means were 

examined using Bonferroni post hoc test. When appropriate, Bonferroni correction for 

multiple comparisons was used. Correlations were calculated to explore potential 

relationships between relevant variables. Preliminary assumption testing was conducted for 

the different analyses, with no serious violations noted. Differences between the groups were 

considered to be significant at an alpha < .05, two tailed. Partial eta-squared (ηp²) was used to 

calculate effect sizes for the ANOVA/MANCOVA´s, with the following interpretation 

introduced by Cohen (1988); 0.01 ≈ small, 0.06 ≈ medium, 0.14 ≈large. For the independent 

sample t-tests Cohen’s d was used with the following interpretation; 0.2 ≈ small, 0.5 ≈ 

medium, 0.8 ≈ large (J Cohen, 1988).  

 

 

http://surfer.nmr.mgh.harvard.edu/


 

25 
 

4 Results: Summary of papers 

4.1 Paper I. Structural brain characteristics of anabolic-androgenic steroid 

dependence 

Participants: 81 AAS users divided into two groups; AAS-dependents (n=43) and AAS non-

dependents (n=38). 

Aim: Explore potential brain correlates of AAS dependence by studying differences in 

characteristic features of brain morphology between dependent and non-dependent AAS 

users 

Measurements: Neuroanatomical volumes and cerebral cortical thickness were estimated 

based on magnetic resonance imaging (MRI) using FreeSurfer.  

Results: Compared to non-dependent users, dependent users had significantly thinner cortex 

in three clusters of the right hemisphere and in five clusters of the left hemisphere, including 

frontal, temporal, parietal and occipital regions. Profound differences were seen in frontal and 

prefrontal regions, as has been observed in other dependencies. Group differences were also 

seen when excluding participants with previous or current non-AAS drug abuse. 

Conclusion: Dependent AAS users show thinner cortex in widespread regions, specifically in 

prefrontal areas involved in inhibitory control and emotional regulation. 

4.2 Paper II. Anabolic androgenic steroid dependence is associated with impaired 

emotion recognition  

Participants: 152 male weightlifters divided into three groups; 1) AAS non-dependents (n = 

38), 2) AAS dependents (n = 45), and 3) non-users (n = 69). 

Aim: Explore emotion recognition ability in relation to long-term AAS use and dependence  

Measurements: The Emotional Biological Motion task  

Results: Multivariate analysis of variance showed a general impairment in emotion 

recognition in AAS dependents, compared to the non-using weightlifters, whereas no 

significant impairment was observed in AAS non-dependents. Furthermore, AAS dependents 

showed impaired recognition of fearful stimuli compared to both AAS non-dependents and 

non-using weightlifters. 
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Conclusion: The findings indicate that AAS dependents have reduced emotion recognition 

from body movement, fear in particular, which could potentially contribute to higher 

frequency of interpersonal problems and antisocial behaviors in this population.   

4.3 Paper III Anabolic androgenic steroid dependence is associated with executive 

dysfunction 

Participants: 174 male weightlifters divided into three groups; 1) AAS non-dependents (n = 

38), 2) AAS dependents (n = 58) and 3) AAS non-users (n = 78).  

Aim: Explore EF in relation to long-term AAS use and dependence 

Measurements: Neuropsychological tests designed to measure different components of 

executive functions (EF), and self-report questionnaires assessing EF in everyday life, ADHD 

symptoms, and psychological distress.  

Results: Multivariate analysis of variance showed significant between-group differences on 

performance based EFs, including working memory, inhibition, mental flexibility and 

problem-solving. Additionally, significant between-group differences were seen for self-

reported problems with EFs, ADHD symptoms, and psychological distress. Post hoc tests 

showed that AAS dependents exhibited poorer EFs and reported more psychological distress 

compared to non-users. 

Conclusion: AAS dependence is associated with executive dysfunction, which might be 

related to continued abuse despite adverse side-effects and social consequences. Increased 

awareness of executive dysfunction could have important implications for treatment and 

rehabilitation. 
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5 Discussion 

5.1 Summary of main findings 

The main aim of the present thesis was to expand the knowledge about biological, 

psychological and cognitive features related to AAS dependence. Taken together, the results 

demonstrate that AAS dependents differ markedly from both non-users and AAS non-

dependents on a wide range of features that might be related to the development and 

maintenance of dependence. Potential implications of the main findings are discussed below. 

5.1.1 AAS user characteristics  

In all papers the AAS dependents had used for more years and had a higher AAS life-time 

exposure. The dependent group reported significantly more psychological, cognitive and 

physical side-effects of AAS use, which may be related to long-term AAS exposure. The 

mean age for AAS debut was over 20 years in both groups, however as many as 40 % of the 

AAS dependents starter using AAS at the age of 18 or younger, compared to 12.5 % of the 

non-dependents (sample from Paper III). Early AAS debut is worrisome, considering that the 

adolescent brain might be specifically vulnerable to the effects of AAS. Adolescence is a 

developmental period in which steroid hormones greatly affect the organization of neural 

circuits, which may result in long-lasting structural changes that may affect adult cognition 

and behavior (Blakemore, Burnett, & Dahl, 2010; Melloni Jr & Ricci, 2010; Rubinow & 

Schmidt, 1996; Sisk & Zehr, 2005). Some observational data suggest that adolescent onset 

steroid use is associated with greater risk for criminality and violence (Irving, Wall, 

Neumark-Sztainer, & Story, 2002; Neumark-Sztainer, Cafri, & Wall, 2007). Furthermore, 

several contextual factors, including early-life stress (Pechtel & Pizzagalli, 2011; Veenema, 

2009) may also increase the vulnerability to the adverse effects of hormonal fluctuations. It 

has been suggested that early life stress can create imbalance in hormonal systems, especially 

oxytocin and testosterone systems, which can alter the brain’s sensitivity to these hormones 

and affect later social-emotional behaviors (van Honk, Bos, Terburg, Heany, & Stein, 2015).   

5.1.2 Brain morphology  

Paper I demonstrated structural brain differences between dependent and non-dependent AAS 

users. The dependent AAS users had thinner cortex in widespread regions, with the largest 

clusters covering frontal and prefrontal regions bilaterally. AAS use is often associated with 

polysubstance abuse, and it may therefore be difficult to detangle the effects of AAS from the 
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combined effects of AAS and other substances. In an attempt to control for other substance 

abuse, we excluded participants with “previous or current non-AAS drug abuse” from the 

analyses. By doing this maneuver fewer cortical group differences were seen, but the findings 

of thinner cortex in clusters covering precentral and prefrontal regions of the left hemisphere 

remained significant, and could potentially comprise brain correlates of AAS-dependence.  

Our results are in accordance with other studies demonstrating that different types of 

substance dependencies are associated with lower gray matter volume, particularly in frontal 

and prefrontal regions (Ersche et al., 2013; Fortier et al., 2011; Mackey et al., 2018). These 

regions are typically assumed to reflect important nodes in the extended brain network 

supporting executive functions (E. K. Miller & Cohen, 2001) and have also been associated 

with emotional processing (Bechara, Damasio, & Damasio, 2000). The results of Paper II and 

III support a link between brain structural variability and cognitive abilities, as AAS 

dependence was associated with executive dysfunction and impaired emotional recognition. 

Furthermore, the results of Paper I demonstrated pronounced effects in a cluster covering 

orbitofrontal cortex (OFC), which is a region considered to play an important role in 

addiction (Goldstein & Volkow, 2002), especially related to inhibitory control and regulation 

(Kringelbach, 2005; Lubman, Yücel, & Pantelis, 2004; Volkow & Fowler, 2000). OFC 

dysfunction has been associated with aggression and violent behavior (Davidson, Putnam, & 

Larson, 2000), drug addiction (Volkow & Fowler, 2000; Winstanley, 2007) and obsessive 

compulsive disorder (Baxter, 1992; Breiter et al., 1996; Saxena & Rauch, 2000), where 

compulsive behavior and the lack of inhibitory control is a common denominator (Lubman et 

al., 2004). Results from Paper III indicate that AAS dependents have reduced inhibitory 

control, as measured by both performance based NP tests and self-report.  

The underlying mechanisms for the observed differences in brain morphology are not clear. It 

has been demonstrated that supraphysiological doses of testosterone can have neurotoxic 

effects (Basile et al., 2013; Estrada et al., 2006; Orlando et al., 2007). Accordingly, it is 

possible that prolonged AAS exposure is associated with a risk of progressive deterioration of 

brain tissue (Bjørnebekk et al., 2016). The dependent group had used AAS for more years 

and it is plausible that parts of the observed difference could be due to AAS-related cerebral 

thinning, similar to what has been suggested with other substance dependencies, specifically 

alcohol dependence (Fortier et al., 2011; Mackey et al., 2018). However, it is important to 

note that this is only a hypothesis because the cross-sectional retrospective design does not 
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allow claims regarding causality. Regardless of causality, cortical thickness seems to be 

related to cognitive function (Dickerson et al., 2008; Engvig et al., 2010; Fjell, McEvoy, 

Holland, Dale, & Walhovd, 2014), which in turn is related to adaptive functioning.   

5.1.3 Executive function  

Results from Paper III show that AAS dependents clearly differed from non-dependent AAS 

users and non-exposed weightlifters on several measures of EFs, both performance based and 

self-report. The non-dependent group did not differ to the same extent, which coincides with 

previous reports of other drug dependencies stating that executive deficits in individuals with 

a dependency syndrome typically is more generalized and of greater magnitude, compared to 

what have been seen for recreational users (Verdejo-García & Pérez-García, 2007). 

Dysfunctional executive control could serve as an explanation for the maladaptive behavior 

of continued drug-use despite adverse side effects that characterizes dependencies (Lubman 

et al., 2004). In accordance with this, the vast majority of the dependent AAS users reported 

physical, psychological and cognitive side-effects of the AAS, and continued use despite 

adverse effects. Moreover, difficulties with EFs such as problem-solving and decision-

making may increase the likelihood of guiding behavior based on available short-term gains, 

rather than on careful consideration of the long-term consequences (Passetti, Clark, Mehta, 

Joyce, & King, 2008). This cognitive style may negatively affect both the individual and their 

social relations. Indeed, in the authors experience many of the participants reported that their 

AAS abuse had been devastating for many social relationships. 

AAS dependence has been associated with higher levels of involvement in aggressive and 

antisocial behaviors (Kanayama, Hudson, et al., 2009). Data from Paper II demonstrated that 

AAS dependents reported more aggressive behavior and anti-sociality. Furthermore, 

preliminary data from TP II show that AAS dependents self-report higher levels of 

aggression and physical violence, compared to both non-users and AAS non-dependents. 

Indeed, over fifty percent of AAS dependents had been charged with a criminal offence and 

about a third had been convicted. There may be many factors mediating the relationship 

between AAS use and violence, such as antisocial personality traits, inhibitory control and 

emotion recognition ability 
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5.1.4 Emotion recognition 

Emotional expressions represent important ques for social interactions and if these ques are 

misread there is an increased chance for an maladaptive response, such as aggression and 

violence (Weiss et al., 2006). The findings of Paper II indicate that AAS dependents have 

reduced emotion recognition from body movement. This was particular evident for the 

recognition of fear. Amygdala is a brain region with a high androgen receptor density 

(Menard & Harlan, 1993; Simerly et al., 1990; Yesalis & Bahrke, 1995) and this region is 

considered to have a central role in emotion processing and reactivity, fear in particular 

(Adolphs, 2002; R. Blair, 2006; Ochsner & Gross, 2008). Our research group has recently 

reported that AAS users had aberrations in functional brain connectivity organization 

involving the amygdala, where the connectivity was further reduced with increased lifetime 

use of AAS (Westlye, Kaufmann, Alnæs, Hullstein, & Bjørnebekk, 2017). Higher levels of 

involvement in aggressive and antisocial behaviors associated with AAS dependence could 

partly reflect a lower ability to recognize submission cues such as fearful body language, 

which in turn may be related to aberration in amygdala connectivity.  

In the authors experience many users describe that they experience that the AASs make them 

less empathic. Indeed, preliminary data from TP II show that over fifty percent of the AAS 

dependents self-report reduced empathy as a side-effect from AAS use. Furthermore, Paper II 

demonstrates that the AAS dependents scored higher on the DSM-oriented antisocial 

personality problem scale, with a mean score close to the clinical range. The combination of 

heightened anti-sociality, reduced emotion recognition and reduced EFs such as inhibitory 

control (Paper III) may serve as a substantial risk for violent behaviors and interpersonal 

problems.  

5.1.5 Psychological distress 

In the author’s experience, many of the AAS users report that they feel in control of some 

adverse physical side-effects by self-medicating, for example by taking drugs for 

hypertension or dyslipidemia. The psychological symptoms on the other hand seem to be 

harder to control. Many of the non-dependent users and the majority of the dependent users 

report psychological side-effects from AAS use such as depression (Paper I and II) and 

dependent users report higher levels of psychological distress (Paper III). Brower argue that 

the motivation for persistent use despite adverse consequences is sustained in large part by 
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psychological variables, and underlines the importance of health care professionals 

understanding these psychological variables (K. J. Brower, 2009). In the authors experience 

Brower has a very good point. Indeed, a recent study demonstrate that mental health 

problems seem to be the main reason for AAS users to seek treatment (Havnes, Jørstad, & 

Wisløff, 2019), highlighting the importance of recognizing the psychological aspects of AAS 

dependence. In the present study many participants described feelings of depression, reduced 

self-esteem and/or anxiety upon discontinuing AAS use. To avoid these unpleasant symptoms 

many relapse and some start using AAS continuously. A continuous administration of AAS 

does not give the body an opportunity to rebound and restore normal hormone levels, which 

may increase the risk for severe adverse effects. Furthermore, some long-term users also 

described that they experience elevated psychological distress when they are on the AASs, 

not just in the withdrawal phases.  

Another important psychological aspect to consider is body-image. For many users a strong 

and muscular body becomes an important part of their identity. Indeed, for some of the users 

in the present study the obsession with muscular size became their sole focus and number one 

priority, which was clearly related to continued abuse. Although body-image disorders are 

not elaborated in the current thesis, it is an important aspect to consider in relation to 

treatment and rehabilitation. 

5.1.6 Treatment considerations 

The importance of offering interdisciplinary treatment instead of punishment was elucidated 

for over three decades ago (Kashkin & Kleber, 1989). Thirty years later, there is still a lack of 

knowledge about AAS use and side-effects, and especially about AAS dependence and 

treatment in the health care system (Kanayama, Kaufman, & Pope, 2018). Perhaps as a 

consequence of this, many AAS users place little trust in health professionals because they 

perceive these professionals to lack knowledge about AAS use and its consequences. Indeed, 

one study revealed that 56% of the AAS users had never disclosed their AAS use to any 

physician (H. G. Pope, Kanayama, Ionescu‐Pioggia, & Hudson, 2004). Our preliminary 

results from the online questionnaire (TPII) reviled similar results, 55 % of the 89 AAS users 

never contacted their doctor about side-effects related to use. Out of these, 24.5 % reported 

that they perceived that doctors did not have enough knowledge, 18.4 % stated that the doctor 

would not help and/or 18.4 % reported that they self-medicated. This is worrisome, especially 
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considering the accumulating evidence that AAS may cause severe long-term health 

consequences. 

Many AAS users consider AAS use as a positive aspect of an athletic and heathy lifestyle 

(Jason Cohen et al., 2007). Even though some users develop a dependency syndrome they do 

not identify themselves with people with substance use disorder (SUD) in general. Many 

describe a reluctance to seek SUD treatment, because they feel misplaced and unconfutable 

juxtaposed to people with for example an alcohol or opiate addiction. It has been argued that 

regular SUD treatment cannot simply be translated directly into the treatment of AAS 

dependence (K. J. Brower, 2009). This issue can only be resolved with better knowledge 

about specific features of AAS dependence and implicating this in clinical practice. 

Dependent AAS users often struggle with complex issues and need tailor-made inter-

disciplinary treatment. Endocrinologists are an essential profession to include in inter-

disciplinary treatment, given that AAS greatly affects the hormonal system which in turn 

affects both physical and mental health. In Norway there does not exist a hormonal treatment 

protocol in the public health care system. Referrals to endocrinologists related to AAS use are 

often rejected, and there is an established “wait and see” attitude, with no concern for the 

individual situation. This attitude is based on having to wait ordinarily 6-12 months and see if 

the natural production restores. In the author’s opinion, this can be unethical. For some users, 

specifically long-term users, the ability to naturally restore normal endogenous testosterone 

production may be severely reduced, resulting in a prolonged state of hypogonadism. This 

state can persist for months to years and can occur after doses as small as 2 to 3 times that 

given for testosterone replacement therapy (K. J. Brower, 2009). For many the symptoms 

accompanying hypogonadism are too hard to cope with over a long time period, resulting in 

relapse of AAS use. These cases need close follow-up, and some require drug assistance to 

kick-start the natural production. Some may even need lifelong testosterone replacement 

therapy as their natural production of testosterone never restores.  

Another important aspect to consider in relation to treatment and rehabilitation is the 

individual’s executive functioning, since EF is associated with treatment retention and drug 

relapse (Aharonovich et al., 2006; Brorson, Arnevik, Rand-Hendriksen, & Duckert, 2013; 

Passetti et al., 2008). Adequate cognitive functioning is a necessity to be able to attend many 

of the activities in psychosocial therapies commonly used in substance abuse treatment (SUD) 

(Aharonovich et al., 2006; Gottschalk, Beauvais, Hart, & Kosten, 2001). Consequently, 
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neuropsychological assessment could give valuable information to guide treatment planning. 

Together with other clinical measures, neuropsychological test results may be used to identify 

individuals that could benefit of specifically adjusted treatment programs and or cognitive 

rehabilitation (Brorson et al., 2013; Passetti et al., 2008). 

5.2 Methodological considerations 

 

5.2.1 Neuropsychological testing 

There are several factors that may affect performance on cognitive test. These may include 1) 

intra-individual factors such as current mental state and motivation, 2) factors specific to the 

testing conditions, such as the presence of distractions in the room or 3) factor related to the 

test administrator (Lezak, Howieson, Loring, & Fischer, 2004). Intra-individual factors are 

difficult to control for and may be a source that can create measurement errors. Testing 

conditions are easier to control, and we made efforts to make the setting as similar as possible 

for all the participants included. All the participants in the present study were tested in the 

same room, stripped for as many distraction moments as possible. Furthermore, the great 

majority of tests were administered and scored by the same person, the candidate (Paper III).   

 

Moreover, it is important to consider the validity of the NP tests. Complex cognitive function, 

such as EFs can be a challenge to operationalize and asses. The structured test setting does 

not mirror everyday life with multiple input and distractions, and thus may camouflage 

difficulties. It’s has been argued that NP tests can have limited ecological validity, and that 

NP tests alone are inadequate for assessing EFs (Burgess, 2004). Addressing this issue, we 

included both NP test and self-report of EFs in everyday life in Paper III. The results of Paper 

II showed no significant correlations between the NP EF tests and self-reported EF (BRIEF-

A), suggesting that they capture different aspects of functioning. This coincides with previous 

studies reporting that BRIEF-A is associated with emotional distress, but not performance-

based EF tests (Hagen, Sømhovd, Hesse, Arnevik, & Erga, 2019; Løvstad et al., 2016). 

Together this emphasizes the importance of taking both test results and self-report into 

account when conducting an evaluation of overall functioning.  
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5.2.1.1 The Emotion Biological Motion task 

The information presented in PLD tasks is limited. It has been suggested that the information 

provided by body motion is of foremost importance when evaluating a person’s emotions or 

intentions from long distance, when viewing conditions are suboptimal (Okruszek, 2018; 

Yovel & O’Toole, 2016). Therefore, it could be argued that performance on PLD tasks is not 

relevant for most daily social situations. However, studies show that performance on the 

EmoBio task predicts measures of functioning in different clinical populations (Engelstad, 

Sundet, Andreassen, & Vaskinn, 2017; Olbert et al., 2013; Vaskinn et al., 2017). An 

important topic for future research is to ascertain whether the findings of Paper II can be 

replicated with other methods, such as facial emotion recognition. 

 

5.2.2 Self-report questionnaires  

There is always some risk for social desirability bias with self-report questionnaires, 

especially when it comes to questions that are sensitive of nature. In order to minimize social 

desirability bias, all questionnaires from timepoint II were completed anonymously online, 

which has been shown to produce the lowest levels of social desirability (Joinson & 

Computers, 1999). Another advantage with the online questionnaires is that the respondent 

had to fill out all the items to be able to submit, thus leaving us with no missing data upon the 

responses being submitted. 

 

5.2.3 Neuroimaging 

Neuroimaging can give us valuable information about the structure and organization of the 

brain and the brains functional network architecture (Bear, Paradiso, & Connors, 2007). 

Today’s MRI scans provide clear images of the brain, and the scanner are able to resolve 

structures that are less than 1 mm, which allows elegant views of small, subcortical structures. 

However, even powerful MRI machines provide a relatively crude resolution compared to the 

histological procedures available for researchers working with animals (Gazzaniga, Ivry, 

Mangun, & Steven, 2009). It’s important to recognize that the MR images are not snapshots 

of the brain, and does not share all the same qualities as photographs (Roskies, 2008). This is 

especially important to keep in mind when communicating the results of imaging studies, 

because we humans tend to view photographs as snapshots of reality and thus place a lot of 

trust in what we see in a picture. Weisberg et al. demonstrated how pictures can bias our 
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judgment by revealing that both naive subjects and subjects with college-level neuroscience 

or psychology training rate scientific explanations as better when they include explanatorily 

irrelevant reference to neuroimaging data (Weisberg, Keil, Goodstein, Rawson, & Gray, 

2008). This is relevant for how we communicate the results of paper I, where we make 

theoretical speculations on how structural differences affect the function of the neural circuits. 

It’s important to note that these are assumptions and that there may be inter-individual 

variability.   

5.2.4 Group comparisons  

The papers included in the thesis are based on group wise comparisons. It’s been debated 

whether group studies or individual case studies give the best NP insights. Group studies 

have been criticized as inappropriate for human neuropsychology given the variability in 

individual anatomy (Gazzaniga et al., 2009). The human brain and our behavior are very 

complex. No two brains are alike, and even focal lesions in the same area can affect different 

complex networks and thus cause different effects. On the one hand it’s been argued that the 

best insight into cognitive processes is obtained by comprehensive documentation of the 

performance of individual patients and comparisons across studies (Caramazza, 1992). On 

the other hand, group studies have proved useful for relating cognitive processes to 

underlying brain structures (Robertson, Knight, Rafal, & Shimamura, 1993). If a brain 

structure is hypothesized to be associated with a particular cognitive function, then damage to 

this structure should be associated with deficits on tasks that depend on this the putative 

function. Even though not all patients will be similarly affected, one can often see some 

similarities. As such, group studies make it possible to examine similarities across patients 

with related lesions or tissue loss, as well as making systematic comparisons between the 

effects (Gazzaniga et al., 2009). In the AAS field of research there has been few large-scale 

studies, especially related to brain effects. Well powered studies using group averages 

reduces the probability that the results are not just random observations, and are therefore 

more reliable and generalizable. However, generalizations do seldom help the individual, 

especially in clinical practice.     

5.2.5 Individuality 

Our project study brain morphology, psychopathology and different aspects of dependence 

and cognition. These are complex constructs and it’s important to keep in mind that statistics 
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in itself does not capture the richness, heterogeneity and complexity of the individual 

experience (Cabell & Valsiner, 2013). This is especially relevant when studying group effects. 

Although we find significant between-group differences on several accounts, there is always 

variation within the groups. The variation and the individual perspective are important to 

recognize, especially in clinical practice. It is crucial to be curious and explore the motives 

behind the AAS use, and as with every other drug of abuse, explore the function that AAS 

has for the individual. The stereotype of the AAS user as a huge bodybuilder and a 

presumably causal relationship between AAS use and violence is often portrayed by the 

media. However, recent qualitative and quantitative research reveals a much more nuanced 

picture, portraying AAS users as a heterogenic group varying in their reasons for initiation, 

experience of use, concerns, aims, social background and other central characteristics (Bilard, 

Ninot, & Hauw, 2011; Jason Cohen et al., 2007; Liokaftos, 2017; Parkinson & Evans, 2006). 

The results of the thesis together with previous research demonstrate that long-term AAS use 

and dependence is associated with a range of medical consequences, psychiatric symptoms 

and cognitive deficits. However, the nature of these associations is complex and it is difficult 

to distinguish what is caused by premorbid factors, and what are direct effects of AAS use. 

The diversity of AAS effects reflects interactions between many factors, including 

predisposing vulnerability, age, sex, types of AAS used, doses, years of exposure and method 

of administration (Oberlander & Henderson, 2012).  

5.2.6 Representativeness and generalizability 

Our sample has some reduced representativeness for the AAS user population as a whole 

because we do not include users with less than 1 year of cumulative AAS use (summarizing 

on-cycle periods). Thus, our sample does not include individuals that only tried one cycle or 

two and then stopped and the results of this thesis cannot be generalized to this group. 

Furthermore, our study samples had a high proportion of AAS dependents compared to other 

studies and should not be used as a prevalence estimate for AAS dependence. Many of the 

participants in our study were long-term users and the high proportion of dependents may be 

seen in relation to the increased likelihood of developing dependence upon prolonged use. It 

should also be considered that the participants received a financial compensation for 

participating in the study, which may have affected who chose to participate in the study. 

Another aspect that may have biased our sample is that the participation in the study was 

quite comprehensive (a total of around six hours) which does not resonate with a busy life 



 

37 
 

situation. That being said, we were very flexible and tried to adapt to the individual 

participants schedule.  Furthermore, only male data are included in the thesis, and it is unclear 

if the present findings are applicable to females. 

5.2.7 Limitations 

There are some limitations should be considered when interpreting the results of the thesis. 

One obvious limitation is the cross-sectional retrospective design as previously discussed, 

which does not allow claims regarding causality. We cannot know to which degree the 

observed differences in brain morphology, executive function and emotion recognition were 

present prior to AAS initiation, or if it is connected to high-dose long-term AAS use. 

However, the two alternatives may not be mutually exclusive but rather reflect a mixture of 

premorbid characteristics and consequences of escalated AAS use. Furthermore, drug 

dependencies are complex phenomena with a highly multidimensional origin. Even if we 

statistically control for relevant confounders, confounding may still exist, e.g. through 

clinical features not assessed as part of this project or through interactions between clinical 

variables.  

We calculated an estimate of total “life-time AAS exposure” as the product of lifetime 

average weekly dose calculated as mg of testosterone equivalent and lifetime weeks of AAS 

exposure. The information was obtained by a semi-structured interview. The calculation 

method for is in line with previous studies (Kanayama, Hudson, et al., 2009; H. Pope & Katz, 

2003), however it is important to note that this is not an exact measure. There may be many 

sources of error that are difficult to control for. First, the calculation does not take into 

account the potency of the different AAS, which may vary. Second, being an illegal 

substance made in underground labs, the content may not be what the label reads. Third, the 

calculation relies on self-report and recollection, often of several years of use. Some keeps a 

thorough log of their use, but that is not the case for all the participants, and thus recollection 

bias may occur.  

Exact measurements of testosterone values were not included in the present thesis, thus we 

cannot know to what degree current testosterone level relate to the present findings. Studying 

AAS users using a within-subject design at different time points in the usage cycle (during 

on- and off-cycles) could enhance our understanding of how AAS induced hormonal 

fluctuations influences cognitive and emotional processing.   



 

38 
 

5.2.8 Ethical considerations  

The study was approved by the Regional Committees for Medical and Health Research 

Ethics South East Norway (REC) (2013/601). All participants received an informational 

brochure with a complete description of the study prior to participation, and written informed 

consent was obtained from all participants. The participants were compensated for their 

participation and their travel costs for longer distances were refunded.  

When studying individuals that are currently abusing illicit substances with the potential of 

causing severe side-effects, a number of ethical concerns rise. The projects have medical 

expertise within neuroradiology, cardiology, vascular physiology and endocrinology that 

reviewed the biological test results (MRI scans, the cardiovascular test results and blood 

sample results). If conditions were discovered that was necessary to follow-up, this was 

arranged. In these cases, the participants were informed that the follow-up examinations were 

not a part of the project, but that these required registration as regular patients. If we found 

indication of pronounced cognitive dysfunction on the NP examination, we gave a thorough 

feedback and offered a referral to a clinical neuropsychologist for further evaluation.   

Participating in our study was quite comprehensive and time-consuming for the participants. 

Therefore, it was especially important for us to communicate that we greatly appreciated their 

participation, and that experience of participating was as good as possible. It seems that we 

succeeded at this point, as many participants reported that they enjoyed participating, and that 

a major factor was being met with respect and curiosity rather than moralism. This was very 

important for us to establish, as this group often is met with a lot of moralism in society and 

the healthcare system. Many participants reported a lot of frustration related to the healthcare 

system. Especially because they experienced attitudes that their troubles were self-inflicted, 

and felt doctors were reluctant to offer help. Many of the AAS users found it shameful to talk 

about their use, especially about adverse effects. For some it was their first time talking about 

their abuse, and they shared a lot about struggles and difficulties. In certain cases, it was 

difficult to balance the roles between being a clinical psychologist and a researcher, 

specifically when the participant appeared very depressed and had a poor overall functioning. 

In these situations, I was very grateful for our cooperation with The Steroid Project because 

they could offer the participants further conversations and help getting into treatment if that 

was wanted.  
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6 Knowledge expansion and The Steroid Project 

 

AAS became illegal in Norway in 2013, and the responsibility for treating the AAS patient 

group was assigned to substance abuse and addiction, interdisciplinary specialized treatment 

(TSB). The Steroid Project is a national treatment and knowledge development project that 

was created in response to challenges many clinicians experience with this user / patient 

group. This project work to improve the competence within the healthcare system regarding 

the effects of AAS abuse and treatment. They have done an incredible job with knowledge 

distribution to both healthcare professionals and the general population. During the past six 

years they have written handbooks on AAS and treatment, made several videos about AAS 

use, side-effects and treatment, in addition to giving lectures and supervision throughout 

Norway. Furthermore, they offer anonymous meeting in person or via telephone, where they 

inform users or relatives about treatment options and rights. In 2018 they launched a 

campaign called “Steroidelab”. The campaign includes information about AAS, videos where 

former users tell their story and videos with “Scientific Facts” from our research group. In the 

latter we inform about resent research results in a simple way so that the content is easily 

understood and thus reach a broad audience. The campaign has been very successful, the 

videos has been watched close to a million times. More importantly, there has been a 300% 

increase in the number of inquiries to The Steroid Project, resulting in AAS users getting the 

information and assistance they need to get treatment if that is wanted. Fortunately, our 

research group has a very good collaboration with The Steroid project, and we are planning to 

make additional research more available to the general public and healthcare system. Our 

research group has also attended national clinical network seminars for healthcare 

professionals interested in or involved with treatment of AAS users. At gatherings we have 

presented recent research findings and participated in discussions about treatment protocols. 

We are on the way, and hope that in the long-run the results from our research group will 

inform clinical practice and provide education and recommendations for health personnel 

who encounter large and increasing numbers of illicit AAS users. 
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The Picture is taken from The Steroid Project’s YouTube channel. Some videos are now 

available in English (TheSteroidProject, 2020). 
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7 Concluding remarks and further directions 

 

AAS dependents appear to be a vulnerable population demonstrating more intra- and 

interpersonal problems compared to non-dependent users. The findings presented in the thesis 

is in accordance with the proposed addictive properties of AAS and poses a potential 

explanation to why some users progress from innocent initial use to hazardous use and 

dependence. Thinner cortex in prefrontal regions and executive dysfunction may be factors 

related to the development and maintenance of dependence. Reduced executive control and 

emotion recognition could potentially contribute to the higher frequency of interpersonal 

problems and antisocial behaviors in this population. The complexity of symptoms 

accompanying AAS dependence is important to consider clinically, where an 

interdisciplinary focus is needed in order to provide optimal treatment. 

The results of the present thesis bring new and valuable information to the AAS research 

field. However, research on long-term AAS use and dependence are still in its infancy and 

additional scientific investigations are needed. It would be interesting if other well-powered 

studies could replicate the findings of the present thesis, which would increase the 

generalizability. Also, studies that explore cognitive and emotional processing using other 

methods would be beneficial. Considering the complexity of symptoms accompanying long-

term AAS use it would be of interest to explore potential relationships between some of these 

factors, e.g. brain and cardiovascular health. Furthermore, most of the existing knowledge is 

based on cross-sectional data, and longitudinal follow-up studies are needed to further 

explore causal relations.  Lastly, a very important topic for future research is treatment of 

AAS dependence. The research field requires controlled treatment studies that hopefully will 

facilitate evidence-based treatment protocols.   
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ABSTRACT

Aim To identify differences in brain morphology between dependent and non-dependent male anabolic–androgenic ste-
roid (AAS) users. Design This study used cross-sectional data from a longitudinal study on male weightlifters.

Participants Oslo University Hospital, Norway. Setting Eighty-one AAS users were divided into two groups; AAS-
dependent (n = 43) and AAS-non-dependent (n = 38).Measurements Neuroanatomical volumes and cerebral cortical
thickness were estimated based on magnetic resonance imaging (MRI) using FreeSurfer. Background and health informa-
tion were obtained using a semi-structured interview. AAS-dependence was evaluated in a standardized clinical interview
using a version of the Structured Clinical Interview for DSM-IV, adapted to apply to AAS-dependence.

Findings Compared with non-dependent users, dependent users had significantly thinner cortex in three clusters of
the right hemisphere and in five clusters of the left hemisphere, including frontal, temporal, parietal and occipital regions.
Profound differences were seen in frontal regions (left pars orbitalis, cluster-wise P< 0.001, right superior frontal, cluster-
wise P < 0.001), as has been observed in other dependencies. Group differences were also seen when excluding
participants with previous or current non-AAS drug abuse (left pre-central, cluster-wise P < 0.001, left pars orbitalis,
cluster-wise P = 0.010). Conclusion Male dependent anabolic–androgenic steroid users appear to have thinner cortex
in widespread regions, specifically in pre-frontal areas involved in inhibitory control and emotional regulation, compared
with non-dependent anabolic–androgenic steroid users.

Keywords Anabolic–androgenic steroids, dependence, addiction, cerebral cortex, cortical thinning, nucleus
accumbens, pre-frontal cortex, neuroimaging.
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INTRODUCTION

Anabolic–androgenic steroids (AAS) are synthetic deriva-
tives of the male sex hormone testosterone, first isolated
and synthesized in the late 1930s. Today AAS use is
considered a major recent form of substance abuse, and is
a growing public health concern throughout the Western
world [1]. The estimated prevalence of AAS use varies
between 1 and 5%, depending on the age group studied
[2,3]. AAS have both androgenic (masculinizing) and ana-
bolic (protein-synthesizing) effects, and is taken in doses
10–100 times greater than the natural male production
of testosterone [4,5]. AAS easily pass the blood–brain
barrier and affect the central nervous system (CNS) [6,7].

Androgen receptors (AR) are widely expressed in the
CNS, not least in regions such as the amygdala, hippocam-
pus, hypothalamus, brain stem and cerebral cortex [8,9].
AAS is commonly administered in cycles of 6–18 weeks
[10], with drug-free periods in between intended to prevent
tolerance towards AAS and allow recovery of natural hor-
monal functioning [11,12]. Many AAS users report that
they experience positive mood, more energy and better
self-confidence while on cure [2,13], whereas withdrawal
symptoms such as depression, irritability, anxiety, fatigue
and insomnia are commonly experienced in drug-free
periods [14]. There seems to be a growing trend to admin-
ister AAS continuously in a pattern referred to as ‘cruise
and blast’ [15,16], where users alternate between periods
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with high and low doses, mainly to avoid withdrawal
symptoms. Long-term use is associated with a wide range
of adverse side effects, both physical [17–20], psychiatric
[1,21] and cognitive [22,23]. The risk of adverse side effects
may increase with the duration of use [10]. Thirty per cent
of AAS users develop a dependence syndrome [24],
characterized by withdrawal symptoms and continued
use despite the experience of adverse effects [5,25].
Dependent AAS users report more intra- and interpersonal
problems compared to non-dependent users, and AAS
dependence is associated with higher levels of aggressive
and antisocial behaviours [26–28].

Although the mechanisms underlying AAS depen-
dence are not fully understood, it seems that AAS have el-
ements in common with other drugs of abuse [29]. The
aetiology of AAS dependence is probably multi-factorial
[5,30,31], implicating body-image, neuroendocrine factors
and hedonicmechanisms. First, obsession with body image
and muscular size may be both a reason for initiating and
continuingAAS use [30,32]. However, recent findings sug-
gest an association between body-image disorder and initi-
ation of AAS, but not with development of dependence
[33]. Secondly, hypothalamic pituitary testicular (HPT)
suppression can lead to fatigue, loss of libido and depres-
sion, and AAS use may be continued in order to alleviate
unpleasant symptoms [30]. Thirdly, the rewarding and
reinforcing effects of AAS may contribute to continuation
of abuse. Although AAS do not produce immediate reward
in the form of acute intoxication [34] there are many
psychological reinforcing effects, such as better self-
confidence and body-image and social unity with peers
[35,36]. In addition, evidence from animal studies supports
a more direct neurobiological reinforcing effect of AAS
[30]. It has been demonstrated that rats and hamsters
self-administer testosterone and AAS [37–39], some even
to the point of death [29]. The rewarding effects of AAS
have also been demonstrated through the conditioned
place preference (CPP) paradigm [40–42].

Long-term exposure to various types of addictive
substances may induce structural changes in the brain
[43–48], and such morphological changes seem to be
important mediators for addictive behaviour [49]. Further-
more, supraphysiological doses of testosterone may have
neurotoxic effects on different cell types, including
neurones [50–52]. Our group and others have recently
shown that long-term AAS use is associated with struc-
tural and functional brain differences, although the direc-
tion of causality could not be determined [53–56]. The
aim of the present study was to explore potential brain cor-
relates of AAS dependence, including measures of regional
brain volume and cortical thickness. In a sample of
weightlifters included in our previous studies, we tested
for differences in brain morphology between dependent
and non-dependent AAS users. To the best of our

knowledge, comparisons of brain structure within the
AAS group have not been conducted before. Based on pre-
vious research andmodels of reward processing and depen-
dency, regions of particular interest included the nucleus
accumbens (NA), implicated in reward processing [57],
and pre-frontal cortex, involved in cognitive functions such
as inhibitory control and emotional regulation [58].

METHODS

Participants

The study participants included previous or current male
AAS users reporting ≥ 1 year of cumulative AAS exposure
(summarizing on-cycle periods). Our sample comprised 81
AAS users, divided into two groups: AAS-dependent
(n = 43) and AAS-non-dependent (n = 38). The sample
partly overlaps with the one described in detail by
Bjørnebekk et al. [53] andWestlye et al. [54]. Prior to partic-
ipation, all participants received a brochure with a descrip-
tion of the study and provided written informed consent.

Ethical approval

The study was approved by the Regional Committees for
Medical and Health Research Ethics South East Norway
(REC) (2013/601), and all research was carried out in ac-
cordance with the Declaration of Helsinki.

Materials and methods

A semi-structured interview was administered in order to
obtain relevant background and health information. The
interview covered motives behind their AAS use, age of on-
set, administration pattern, years of use, length and num-
ber of cycles, side effects, average weekly dosage, where in
the cycle they were at the time of assessment and whether
and when they had ceased using AAS. We calculated total
‘life-time AAS exposure’ as the product of life-time average
weekly dose calculated as mg of testosterone equivalent
and life-time weeks of AAS exposure, in line with previous
studies [26,59,60]. The presence of AAS dependence was
evaluated in a standardized clinical interview by trained
study personnel using a version of the Structured Clinical
Interview for DSM-IV (SCID II) [61], adapted to apply to
AAS dependence [25]. Compared to the standard version,
this version only makes small interpretive changes that
take into account that AAS is not ingested to achieve an
immediate ‘high’ of acute intoxication, and adds explana-
tory information on how the other criteria relate to AAS
abuse. Preliminary analyses suggest adequate psychomet-
ric properties [62]. The presence of previous or current
drug abuse was determined by the drug and the alcohol de-
pendence scales from the Millon Clinical Multiaxial
Inventory–III (MCMI-III), and self-reports on previously
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used substances outside medical use. Participants who ob-
tained a base rate (BR) score of 75 or above on one of the
MCMI-III drug scales (indicating the presence of a clinical
syndrome) fulfilled the criteria of having a ‘previous or cur-
rent non-AAS drug abuse’. If participants obtained BR
scores close to 75 (> 70), then the evaluation was guided
by a self-report questionnaire from the Mini-International
Neuropsychiatric Interview (MINI)-plus psychiatric diag-
nostic interview instrument (version 5.0), (evaluating sub-
stance dependence), and information from drug scales
from the Achenbach System of Empirically Based Assess-
ment (ASEBA), Adult Self-Report (ASR) questionnaire
[63] (past 6 months drug and alcohol use). Measures of be-
havioural, emotional and social problems was obtained
from selected syndrome scales from the ASEBA, ASR
questionnaire [63]. The intelligence quotient (IQ) was
estimated using the vocabulary and the matrix reasoning
subtests from the Wechsler Abbreviated Scale of Intelli-
gence (WASI) [64].

Image acquisition and analysis

Magnetic resonance imaging (MRI) data were obtained on
a Siemens Skyra 3 T scanner equipped with a 24-channel
head coil. Structural MRI data was acquired with a T1-
weighted 3D magnetization-prepared rapid gradient-echo
(MPRAGE) sequence with the following parameters:
repetition time = 2300ms; echo time = 2.98ms; inversion
time = 850 ms; flip angle = 8°; bandwith = 240 HZ/pixel;
field of view = 256 mm; voxel size = 1.0 × 1.0 × 1.0 mm;
176 slices sagittally orientated; acquisition time = 9:50.
Scan quality was consecutively inspected during the scan-
ning session and re-run in cases of movement to ensure
good quality. All data sets were automatically processed
and analysed using FreeSurfer (version 5,3; http://surfer.
nmr.mgh.harvard.edu), which is described in detail else-
where [65,66]. The cortical surface was reconstructed
for each subject to measure both surface area and thick-
ness at each surface location or vertex. The individual
thickness maps were smoothed using a Gaussian kernel
of 15mm. Subcortical volumes were obtained from the au-
tomatic volume segmentation procedure [67,68] and,
based on previous findings and current brain-basedmodels
of drug dependence, we selected a limited number of re-
gions of interest. The selection was performed before the
statistical tests were conducted, and included the
accumbens area, caudate, putamen, amygdala and
hippocampus. Total grey matter was used as a global
measure in addition to estimated intracranial volume
(ICV), which was computed and included in the volumetric
analyses. All reconstructed data sets were visually
inspected. The quality of the spatial registration and tissue
segmentations was considered to be of sufficiently good

quality to avoid manual editing, thus ensuring that we will
have no impact on the data.

Statistical analyses

Comparisons of demographic data between the depen-
dent and non-dependent users were performed using
the two-tailed independent sample t-test for continuous
data and χ2 tests for categorical data. Differences
between the groups were considered significant at
P < 0.05. We used multivariate analysis of covariance
(MANCOVA) to test for differences in neuroanatomical
volumes, with regional brain volumes as dependent
variable, group as the independent variable and age
and intracranial volume (ICV) included as continuous
covariates. Preliminary assumption testing was con-
ducted, with no serious violations noted. We corrected
for multiple comparisons using Bonferroni correction
for correlated measures [63], where the correlation be-
tween the dependent variables is taken into account,
αoriginal0.5/6 dependent variables with a Pearson’s
r = 0.41 yielded Padjusted = 0.017. For cortical thickness,
we fitted a general linear model (GLM) at each vertex using
thickness as the dependent variable, group as the indepen-
dent variable and age as covariate. In an attempt to adjust
for other substance abuse, we conducted exploratory anal-
yses where we omitted participants classified as having
‘previous or current non-AAS drug abuse’. Furthermore,
in an attempt to distinguish pre-morbid vulnerability from
exposure effects of AAS and other drugs of abuse, we re-ran
the main analysis, including measures of weekly reported
alcohol consumption, use of illegal drugs (besides AAS)
and life-time AAS exposure as additional covariates in the
model. To reduce the probability of type I errors, we per-
formed cluster-size correction for multiple comparisons
using Z Monte Carlo simulations with 5000 iterations, as
implemented in FreeSurfer [69,70]. A cluster-forming
threshold of P < 0.05 (two-sided) was applied.

RESULTS

Demographics and user characteristics

Demographic and other clinical data can be found in
Table 1. There were no significant differences between
the groups in age, education, IQ, height, weight or body
mass index (BMI). The groups had approximately the same
alcohol consumption, on average,< 2 units per week. Both
groups initiated the AAS use in their early 20s. There was
a trend to higher weekly intake of AAS (mg/week) by the
dependent group, albeit not reaching statistical significant
level. The dependent group had used AAS for more years
[mean = 10.3, standard deviation (SD) = 5.6] than the
non-dependent (mean = 7.7, SD = 5.1) group (t(79) =
�2.19, P = 0.031, d = 0.60).
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Self-reported side effects and psychological screening

The dependent AAS users reported significantly more side
effects compared to the non-dependent users; see Tables 1
and 2. The majority of the dependent AAS users reported
some physical (93%, n = 40), psychological (90.7%,
n = 39) and cognitive (65.1%, n = 28) side effects of
AAS. The dependent group also scored significantly higher
on anxiety/depression syndrome (t(67) = �2.13,
P = 0.037, d = 0.49), attention problems (t(66) = �2.14,
P = 0.036, d = 0.54), aggressive behaviour (t(66) =
�3.04, P = 0.003, d = 0.82) and total problems (t(63) =
�2.68, P = 0.010, d = 0.69). Of the dependent AAS
users 48.9%, n = 21 had a previous or current drug
abuse compared to 28.9%, n = 11 of the non-dependent
users, but the difference was not statistically significant
χ2(1) = 3.34, P = 0.068, odds ratio (OR) = 2.34. More cases
of psychopharmaca use were seen in the dependent group,
where antidepressants were the most frequently prescribed

drug. However, themajority of both the dependent (62.8%,
n = 27) and non-dependent (78.9%, n = 30) group
had never been prescribed psychotrophic medications of
any kind.

Neuroanatomical volumes and cortical thickness

Neuroanatomical volumes in each group are presented in
Table 3. There were no statistically significant differences
between the groups in total grey matter volume, putamen,
caudate, hippocampus or amygdala. The only difference
reaching nominal statistical significance was NA volume
(F(1, 77) = 5.23, P = 0.025, ƞ2

p = 0.06), but the effect did
not survive the Bonferroni correction (adjusted alpha level
of 0.017), thus we did not conduct further between-group
analyses.

Table 4 and Fig. 1 show results from the corrected GLM
analyses comparing cortical thickness between the
dependent and non-dependent groups. The main analysis

Table 1 Demographics and other clinical characteristics.

Dependent (n = 43) Non-dependent (n = 38)

t P-value dAttribute Mean (SD) Mean (SD)

Age (years) 32.77 (8.02) 33.22 (8.56) 0.35 0.724 0.13
Education (years) 13.83 (2.24) 14.59 (2.77) 1.35 0.180 0.50
WASI vocabulary T 50.00 (8.79) 52.21 (8.67) 1.16 0.251 0.25
WASI matrix reasoning T 52.74 (9.03) 56.00 (6.81) 1.81 0.074 0.52
Alcohol units per week 1.77 (3.86) 1.61 (2.34) –0.25 0.823 0
Height (cm) 181.21 (7.56) 180.15 (6.08) –0.69 0.493 0.15
Weight (kg) 99.52 (14.66) 94.22 (12.61) –1.73 0.084 0.38
BMI 30.14 (4.50) 29.04 (3.67) –1.19 0.236 0.28
Estimated weekly AAS dose 1376.9 (872.7) 1009.9 (807.4) –1.93 0.058 0.43
Total years of AAS use 10.32 (5.57) 7.70 (5.13) –2.19 0.031* 0.60
AAS debut age 20.89 (6.63) 22.89 (5.75) 1.46 0.147 0.36
Anxious/depressed T 58.62 (9.93) 54.25 (7.01) –2.13 0.037* 0.49
Attention problems T 58.42 (6.61) 55.34 (5.01) –2.14 0.036* 0.54
Drug use T 60.34 (15.34) 54.63 (8.36) –1.92 0.061 0.49
Alcohol consumption T 57.89 (6.94) 58.09 (7.74) 0.11 0.909 0.15
Aggressive behaviour T 58.62 (7.85) 53.58 (5.28) –3.04 0.003* 0.82
Total problems raw score 45.12 (27.33) 29.52 (18.35) –2.68 0.010* 0.69

n (%) n (%) χ2 OR
Physical side effects of AAS 40 (93) 29 (76.3) 4.46 0.035* 40.14
Psychological side effects of AAS 39 (90.7) 22 (57.9) 11.67 0.001* 70.09
Cognitive side effects of AAS 28 (65.1) 9 (23.7) 14.83 0.001* 60.48
Previous or current non-AAS drug abuse 21 (48.8) 11 (28.9) 3.34 0.068 20.34
Cigarette smoker 9 (20.9) 6 (16.2) 0.290 0.590 00.73
Psychopharmaca (previous or current)
Antidepressants 7 (16.6) 4 (10.6)
Anxiolytics 5 (11.9) 3 (7.9)
Opioids 4 (9.3) 0 (0)
> 1 type 3 (7) 0 (0)
None reported 27 (62.8) 30 (78.9)

AAS = anabolic–androgenic steroid; T = T score; BMI = body mass index; WASI = Wechsler Abbreviated Scale of Intelligence; SD = standard deviation;
OR = odds ratio. *Significant difference between the groups.
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showed that dependent AAS users had significantly thin-
ner cortex in five clusters of the left hemisphere and tree
clusters of the right hemisphere, covering frontal, tempo-
ral, parietal and occipital regions. Table 4 and Fig. 2 show
the results after adjusting for drug, alcohol and AAS expo-
sure, where significantly thinner cortex was observed in
theAAS-dependent group in a pre-central cluster of the left
hemisphere and in lateral occipital regions of the right
hemisphere. When omitting participants classified as

having ‘previous or current non-AAS drug abuse’ from
the analyses, significant effects remained in pre-central
and pre-frontal regions in the left hemisphere.

DISCUSSION

Using neuroimaging, we have demonstrated structural
brain differences between dependent and non-dependent
AAS users. The dependent AAS users had thinner

Table 2 Self-reported side effects in relation to AAS use.

Dependent (n = 43) Non-dependent (n = 38)

χ2 P-value ORPsychological n % n %

Depression 27 62.9 14 36.8 5.43 0.020* 2.89
Fatigue 29 67.4 13 34.2 80.92 0.003* 30.98
Anxiety 9 20.1 0 0.0 80.95 0.003* –

Aggression 28 65.1 10 26.3 120.19 < 0.001* 50.23
Short fuse 24 55.8 12 31.6 40.78 0.028* 20.74
Mood swings 21 48.8 11 28.9 30.34 0.068 20.34
Sleep problems 26 60.5 12 31.6 60.76 0.009* 30.31
Reduced appetite 21 48.8 4 10.5 130.88 < 0.001 80.11
Medical
Kidney-related issues 11 25.6 6 15.8 10.17 0.280 10.8
Liver-related issues 20 46.5 7 18.4 70.16 0.007* 30.85
Cholesterol 11 26.6 9 23.7 0.039 0.843 10.11
Blood pressure 23 53.5 11 28.9 40.99 0.026* 20.82
Acne 23 53.5 22 57.9 0.159 0.690 00.84
Cardiomyopathy or arterial fibrillation 11 25.6 10 26.3 0.006 0.940 00.96
Neuroendocrine
Reduced sex drive 35 81.4 23 60.5 40.32 0.038* 20.85
Sexual dysfunction 25 58.1 13 34.2 40.64 0.031* 20.67
Gynaecomastia 17 39.5 12 31.6 0.556 0.456 10.42
Cognitive
Memory problems 22 51.2 6 15.8 110.16 0.001* 50.59

*Significant difference between the groups. AAS =

Table 3 Group differences in brain volumes between dependent and non-dependent AAS users.

Non-dependent (n = 38) Dependent (n = 43)
d.
f. F P-value ƞ2

pMean SD Mean SD

Total grey matter 681 088.81 59727.67 678 140.33 53970.07 3 0.88 0.352 0.011
Caudate 7849.43 911.20 8155.68 1 012.01 3 2.09 0.152 0.026
Putamen 12861.14 1517.79 12768.52 1 468.95 3 0.40 0.530 0.005
Hippocampus 9287.49 893.31 9298.32 904.85 3 0.02 0.888 0.000
Amygdala 4023.38 548.79 4019.15 450.60 3 0.03 0.857 0.000
Accumbens 1478.93 269.53 1597.93 193.69 3 5.23 0.025* 0.064

Values are mm
3
. *Significant difference between the groups at a nominal level (P< 0.05). Multivariate analysis of variance with regional volumes as depen-

dent values, group as the independent variable and age and intracranial volume (ICV) as continuous covariates. AAS = anabolic–androgenic steroid.
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cortex in widespread regions, specifically in pre-frontal
regions. Additionally, they reported more side effects
and intra- and interpersonal issues. Potential implica-
tions of the results are discussed below.

Structural brain differences between dependent and
non-dependent AAS users

AAS users who fulfilled the criteria for AAS-dependence
had significantly thinner cortex in frontal, temporal,

parietal, occipital and pre-frontal regions compared to
non-dependent users. There was a non-significant trend
of higher consumption of illegal drugs in the dependent
group, and it could be argued that the observed differences
in brain morphology could be related to non-AAS drug ex-
posure effects, or potentially the combined effects of AAS
and other substances of abuse. When excluding partici-
pants with ‘previous or current non-AAS drug abuse’
fewer cortical group differences were seen, due possibly to
reduced sample size and reduction in power. The findings

Table 4 Group differences in cortical thickness between dependent and non-dependent AAS users.

Cortex area
Cluster
size (mm2)

Talairach coordinates

X Y Z

All included (n = 71) CWP
Left pars orbitalis 2628.07 �39.9 38.9 �12.3 0.00030
Left middle temporal 2063.62 �55.4 �11.8 �25.6 0.00400
Left lingual 2551.14 �17.9 �55.4 �7.1 0.00060
Left caudal middle frontal 1467.06 �39.4 5.7 47.2 0.03650
Left supramarginal 2136.22 �55.1 �42.4 44.1 0.00300
Right cuneus 2494.42 8.6 �76.5 24.8 0.00050
Right superior frontal 2928.09 12.2 48.2 0.6 0.00020
Right lingual 1807.09 10.8 �61.4 �1.4 0.01050
Excluding non-AAS drug abuse (n = 49)
Left pre-central 2952.09 �37.5 �14.7 38.5 0.00030
Left pars orbitalis 1849.65 �38.4 37.6 �11.1 0.00980
Alcohol, drugs and life-time AAS exposure (n = 66)
Left pre-central 1698.81 �32.9 �9.5 48.2 0.01510
Right lateral occipital 1795.22 12.8 �100.7 9.8 0.01110

The cortical area, the size of the significant cluster, Talairach coordinates corresponding to the most significant vertex within each cluster, and clusterwise P-
values (CWPs) are shown. All findings are in the direction of thinner cortices in the AAS (anabolic–androgenic steroid)-dependent group.

Figure 1 Vertex-wise comparisons of cortical thickness between the dependent and non-dependent anabolic–androgenic steroid (AAS) group.
Shades of blue indicate clusters with thinner cortices in the dependent AAS group. No effects were seen in the opposite direction (i.e. thicker cortices)
[Colour figure can be viewed at wileyonlinelibrary.com]
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of thinner cortex in clusters covering pre-central and pre-
frontal regions of the left hemisphere remained significant,
and could potentially comprise brain correlates of AAS de-
pendence. AAS dependents had larger NA volume com-
pared to the non-dependents, but the effect did not
survive Bonferroni correction. Enlargement of NA and
thinner cortex in regions involved in inhibitory control
has been reported in other dependencies [43,48,71]. The
underlyingmechanisms are not fully understood, although
individual differences in both impulsivity [72–74] and
vulnerability to the reinforcing effects of drugs [75,76]
seem to influence drug-seeking behaviour and the develop-
ment of dependence.

Pre-frontal regions and dependence

Pre-frontal cortex is associated with numerous cognitive
functions, such as self-regulation, mental flexibility, atten-
tion and inhibition [58]. Studies show that different types
of substance dependency are associated with lower grey
matter volume, particularly in frontal and pre-frontal
regions [43,47,48]. In accordance with this, our results
demonstrated that dependent AAS users had significantly
thinner cortex in pre-frontal regions. The largest cluster
covered orbitofrontal cortex (OFC), a region considered to
play an important role in addiction [77], especially related
to inhibitory control and regulation [78–80]. OFC dysfunc-
tion has been associated with aggression and violent
behaviour [81], drug addiction [80,82] and obsessive–
compulsive disorder [83–85], where compulsive behaviour
and the lack of inhibitory control is a common denomina-
tor [79]. Impaired inhibitory control and cognitive flexibil-
ity could serve as an explanation for the maladaptive
behaviour of continued drug use, despite adverse side

effects that characterize dependencies [79]. In accordance
with, this we found that the vast majority of the dependent
AAS users reported physical, psychological and cognitive
side effects of the AAS, and continued use despite adverse
effects. Additionally, AAS dependents scored higher on
aggressive behaviour, which is in line with previous reports
[26,33,86], and could be related to OFC dysfunction. It has
been demonstrated that testosterone can impair abilities
dependent on OFC such as behavioural flexibility [87],
and it has been hypothesized that testosterone increases
the propensity towards aggression through reduction in
OFC activity [88].

High-dose AAS use is associated with various adverse
medical side effects, including hypogonadism and cardio-
vascular effects, with possible secondary effects on brain
function [89–91]. Furthermore, it has been demon-
strated that supraphysiological doses of testosterone can
have neurotoxic effects on different cell types, including
neurones [50–52]. Although the mechanisms of the
proposed AAS-induced neurotoxity are unclear, it is
possible that prolonged AAS exposure is associated with
a risk of progressive deterioration of brain tissue [53].
The dependent group had used AAS for more years
and it is possible that parts of the observed difference
could be due to AAS-related cerebral thinning, similar
to what has been suggested with other substance depen-
dencies, specifically alcohol dependence [47,48]. The
orbitofrontal effects are of interest, as they could poten-
tially reflect differences in the brain associated with
prolonged AAS exposure, and comprise a potential cor-
relate of the transition from first use to addiction. Group
differences were still seen in pre-central and lateral oc-
cipital regions after controlling for life-time AAS expo-
sure, drug and alcohol use, and may hypothetically

Figure 2 Vertex-wise comparisons of cortical thickness between the dependent and non-dependent anabolic–androgenic steroid (AAS) group
controlled for potential confounding variables. Shades of blue indicate clusters with thinner cortices in the dependent AAS group. No effects were
seen in the opposite direction (i.e. thicker cortices) [Colour figure can be viewed at wileyonlinelibrary.com]
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reflect pre-existing characteristics. Although we adjusted
for confounding variables it is important to note that
confounding may still exist, e.g. through clinical features
not assessed as part of this project or through
interactions between clinical variables.

Symptom load and brain correlates

The dependent group reported significantly more side
effects from AAS use. This was especially evident for psy-
chological and cognitive domains, such as depression and
memory problems. There is substantial evidence that sub-
stance use disorders and psychiatric disorders frequently
co-occur [92,93], probably involving common pre-morbid
neurobiological vulnerability [94,95]. Although not possi-
ble to test with cross-sectional data, it could be that the
higher prevalence of adverse effects in the AAS-dependent
individuals is related to the observed differences in cortical
thickness. For instance, more dependent AAS users report
depression as a side effect, and they also scored significantly
higher on the depression syndrome scale. Some of the
clusters with thinner cortex seen in dependent users, e.g.
orbitofrontal, rostral anterior cingulate, pre-central,
inferior and medial temporal and lingual regions, have also
been also associated with depression [96–98] and
combined anxiety and depression [99]. Moreover, depen-
dent AAS users reported more memory problems as a side
effect. Cortical thickness and memory performance are
linked in healthy and pathological ageing [100–102],
and observed thinner cortex in these regions may be
associated with more self-reported memory problems in
AAS-dependent participants.

Limitations

Some limitations should be considered when interpreting
the results of the present study. First, the cross-sectional
retrospective design does not allow claims regarding
causality. We cannot know to what degree the observed
differences in brain structure and psychological symptoms
were present prior to AAS initiation, or caused by high-
dose long-term AAS use. However, the two alternatives
are not mutually exclusive. Hypothetically, an underlying
vulnerability poses a risk for initiation of use, followed by
brain structural alterations after prolonged use which, in
turn, could increase sensitivity and potentially trigger
further use. Secondly, AAS use is associated with a number
of health risks, including cardiovascular changes [17,20]
that can themselves affect the brain, and we did not have
the possibility to control for this. However, such risks may
not be confined to AAS dependency, but may be associated
to a greater extent with life-time AAS exposure, which was
controlled for. Thirdly, this was a structural MRI study,
where we make theoretical speculations on how structural

alterations affect the function of the neural circuits; how-
ever, further research is needed to explore the functional
correlates.

CONCLUSION

Our analysis revealed structural brain differences between
dependent and non-dependent AAS users. Specifically,
the dependent group showed thinner cortex in pre-frontal
regions involved in inhibitory control and emotional
regulation. This is in accordance with the proposed addic-
tive properties of AAS and poses a potential explanation to
why some users progress from innocent initial use to
hazardous use and dependence. Increased awareness of
neurobiological correlates of AAS dependence could have
important implications for preventive work and personal-
ized interdisciplinary treatment.
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Abstract
Rationale Illicit use of anabolic androgenic steroids (AAS) has grown into a serious public health concern throughout the Western
World. AAS use is associated with adverse medical, psychological, and social consequences. Around 30% of AAS users develop a
dependence syndrome with sustained use despite adverse side effects. AAS dependence is associated with a high frequency of intra-
and interpersonal problems, and it is central to identify factors related to the development and maintenance of dependence.
Methods The present study investigated the ability to recognize emotion from biological motion. The emotional biological
motion task was administered to male AAS dependent users (AAS dependents; n = 45), AAS non-dependent users (AAS non-
dependents; n = 38) and a comparison-group of non-using weightlifters (non-users; n = 69).
Results Multivariate analysis of variance showed a general impairment in emotion recognition in AAS dependents, compared to
the non-using weightlifters, whereas no significant impairment was observed in AAS non-dependents. Furthermore, AAS
dependents showed impaired recognition of fearful stimuli compared to both AAS non-dependents and non-using weightlifters.
The between-group effect remained significant after controlling for Intelligence Quotient (IQ), past 6 months of non-AAS drug
use, antisocial personality problems, anxiety, and depression.
Conclusion AAS dependents show impaired emotion recognition from body movement, fear in particular, which could poten-
tially contribute to higher frequency of interpersonal problems and antisocial behaviors in this population.

Keywords Anabolic androgenic steroids . Testosterone . Dependence . Social cognition . Body language . Emotion processing .

Emotion recognition

Introduction

Anabolic androgenic steroids (AAS) are synthetic derivatives
of testosterone, commonly used to enhance performance and

increase muscle mass. Over the last few decades, illicit use of
AAS has grown into a serious public health concern through-
out the Western World (Kanayama et al. 2008; Sagoe et al.
2014). Epidemiological studies from different countries vary
in their prevalence estimates, but a global lifetime prevalence
of 3.3% has been reported (Sagoe et al. 2014; Sagoe and
Pallesen 2018). AAS easily pass the blood-brain barrier and
act on the central nervous system both directly via modulation
of intracellular receptors, and indirectly by influencing the
function of ligand-gated ion channels and neurotransmitter
receptors (Bertozzi et al. 2017). Long-term AAS use is asso-
ciated with a wide range of adverse medical (de Souza and
Hallak 2011; Oskui et al. 2013; Rockhold 1993), psychiatric
(Kanayama et al. 2008; Oberlander and Henderson 2012), and
cognitive (Heffernan et al. 2015; Kanayama et al. 2013) side
effects, in addition to maladaptive behavior (Hall et al. 2005;
Kanayama et al. 2010; Miller et al. 2005). The side effects of
AAS use are idiosyncratic as some experience few medical
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and psychiatric changes whereas others experience more se-
vere consequences (Kanayama et al. 2010). An accumulation
of medical, cognitive, and psychological side effects is com-
monly found in those fulfilling criteria for AAS-dependence.
Around 30% of AAS users develop a dependence syndrome
(Kanayama et al. 2009a) characterized by withdrawal symp-
toms and continued use despite the experience of adverse
effects (Brower 2002; Kanayama et al. 2009b). Recent neuro-
imaging studies have demonstrated that AAS use is associated
with structural and functional deviations, and that stronger
effects are evident in dependent AAS users (Bjørnebekk
et al. 2017; Westlye et al. 2017). AAS dependents appear to
be a vulnerable group, reporting more intra- and interpersonal
problems compared to AAS non-dependents, and dependence
is associated with higher levels of involvement in aggressive
and antisocial behaviors (Copeland et al. 1998, 2000;
Kanayama et al. 2009c). AAS dependence shares some fea-
tures with other drugs of abuse (Wood 2008), including brain
structural similarities (Hauger et al. submitted manuscript),
but the underlying mechanisms of AAS dependence are large-
ly unknown. As with other addictions, it presumably reflects a
mixture of premorbid characteristics and consequences of es-
calated use (Kanayama et al. 2009a). Studies that shed light on
these complex connections will be clinically important.

Social cognition is an indispensable aspect of human behav-
ior involving the processes used to analyze, understand, and
store information about other persons, oneself, and interperson-
al norms (Van Overwalle 2009). Making social cognitive infer-
ences is crucial for successful social interactions because they
mediate an understanding of the dispositions and intentions of
others, and enables us to predict behavior (Brothers 1990).
Evolutionary, extraction of a person’s affective state or intention
from body movement has been very important for survival
(Okruszek 2018), and thus is an ancient social cognitive ability.
Humans need minimal information to infer the emotions, inten-
tions, and dispositions of others, and have the ability to extract
accurate perceptual information based solely on biological mo-
tion (Heberlein et al. 2004; Hubert et al. 2007; Pavlova 2011;
Puce and Perrett 2003; Vaskinn et al. 2016). A commonmethod
used to examine emotion recognition from biological motion is
point-light displays (PLDs), which is considered to be useful for
studying emotional processing (Loi et al. 2013; Okruszek
2018). PLDs consist of recordings of a person moving in a dark
room with light sources attached to different parts of the body,
or to the face (Johansson 1973). Deficits in emotional process-
ing and response have been observed in various psychiatric
populations (Leppänen 2006; Loi et al. 2013; Vaskinn et al.
2017; Vaskinn et al. 2016), including substance abuse, where
such deficits are thought to contribute to the maintenance of
drug addictive behavior (Goldstein and Volkow 2002;
Townshend and Duka 2003; Verdejo-García et al. 2006).

Variations in testosterone levels within the normal ref-
erence range are associated with variations in mood and

behavior (Booth et al. 1999). AAS is commonly adminis-
tered in a temporal pattern called Bcycling^ (Pope Jr 1994;
Su et al. 1993), with supraphysiological doses exceeding
therapeutic levels by 5–100-fold in males (Kanayama
et al. 2008, 2013; Su et al. 1993). This administration
pattern causes large hormonal fluctuations which presum-
ably elevates the hormonal effects on mood and behavior.
Sex hormones appear to play a central role in social-
cognitive abilities, possibly explaining the sexual dimor-
phism that is sometimes found for these abilities, where
women outperform men (Baron-Cohen et al. 2005, 2003).
Both human (Bos et al. 2010, 2013; Hermans et al. 2006a,
b, 2008; van Honk et al. 2005, 2011, 1999) and animal
(Aikey et al. 2002) studies have demonstrated that exter-
nal testosterone administration can alter emotional pro-
cessing. In particular, altered testosterone levels have been
associated with impairment in fear processing (Aikey
et al. 2002; Bos et al. 2013; Hermans et al. 2006a; King
et al. 2005; van Honk et al. 2005). However, the
prolonged effects of high-dose AAS use and dependence
on emotion processing remain poorly understood. AAS
exposure might affect brain processes and emotional pro-
cessing temporarily. Still, evidence suggests that severe
effects on mental health, brain structure, and cognition
are primarily seen after long-term exposure and in AAS
dependence (Bjørnebekk et al. 2017; Kanayama et al.
2008, 2013). This might reflect gradual alterations in the
neuroendocrine or central nervous system rather than tem-
poral fluctuations in hormonal levels.

The present study examined the ability to recognize emotion
from biological motion in AAS users with and without depen-
dence. An Emotional Biological Motion (EmoBio) task was
administered to a sample of male AAS dependent, AAS non-
dependent, and a comparison-group of non-using weightlifters.
In order to illuminate a potential influence of temporal hormonal
fluctuations, we tested for associations between emotion recog-
nition accuracy and AAS status (current or previous use). Based
on the existing evidence reviewed above, it was anticipated that
emotion recognitionwould be reducedwith long-termAAS use,
and even more so in AAS dependents. Specifically, differences
in fear recognition between the groups were expected.

Materials and methods

Participants and procedure

The study sample consists of adult males involved in heavy
strength training (N = 152).The participants were either previ-
ous or current AAS users reporting at least 1 year of cumula-
tive AAS use (summarizing on-cycle periods) or menwho had
never used AAS or equivalent doping substances. Participants
with long-term AAS use (n = 83) were divided into AAS
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dependents and AAS non-dependents, based upon a diagnos-
tic tool for the assessment of AAS dependence (Pope Jr et al.
2010). This provided us with the three following groups: (a)
AAS non-dependents (n = 38), (b) AAS dependents (n = 45),
and (c) non-users (n = 69). Participants were recruited via so-
cial media, targeted online forums, and through posters and
flyers distributed in selected gyms in Oslo, Norway. Prior to
participation, all participants received a brochure with a de-
scription of the study, and written informed consent was col-
lected. Participants received NOK 1.000 (≈ $125) as compen-
sation for taking part in the study. The study was conducted in
accordance with the Declaration of Helsinki and received eth-
ical approval from the Regional Committee for Medical and
Health Research Ethics in South-Eastern Norway (2013/601).

Interview and questionnaires

A semi-structured interview was used to assess relevant back-
ground and health information and consumption of pharmaceu-
tical preparations. Additionally, AAS users were interviewed
about the history and nature of their AAS use. The interview
coveredmotives behind their usage, age of onset, administration
pattern, years of use, length of cycles and number of life-time
cycles, side effects, average weekly dosage, where in the cycle
they were at the time of assessment, and whether and when they
had ceased using AAS. Based on this information, a measure of
total lifetime AAS exposure was calculated (lifetime average
weekly dose calculated as mg of testosterone equivalent × life-
time weeks of AAS exposure), as has been done by others
(Kanayama et al. 2009c; Pope and Katz 2003, 1994). The pres-
ence of AAS dependence was assessed by a structured clinical
interview in the format of the Structured Clinical Interview for
DSM-IV Axis II Disorders (SCID II) (First et al. 1997) by
trained study personnel. The interview module is based on the
substance-dependence criteria of DSM-IV, but modified to ap-
ply to AAS dependence (Pope Jr et al. 2010). Compared to the
original SCID II, the AAS interview module takes into account
that AAS is not ingested to achieve an immediate Bhigh^ of
acute intoxication and provides explanatory information on
how the other criteria relate to AAS abuse (Kanayama et al.
2009b). Adequate psychometric properties have been found
(Pope Jr et al. 2010). The study participants were considered
to be AAS dependent if they had a maladaptive pattern of
AAS use that leads to clinically significant impairment or dis-
tress, manifested by three (or more) of the DSM-IV criteria
(Kanayama et al. 2009b). Measures of the past 6-month use of
alcohol and illegal drugs, behavioral-, emotional-, and social
problems were obtained from the DSM-oriented scales of the
Achenbach System of Empirically Based Assessment
(ASEBA)–Adult Self-Report (Achenbach et al. 2003).
Psychiatrists and psychologist from ten cultures rated these
scales as very consistent with categories of the DSM-IV. The
scale comprises the following categories: drug and alcohol use,

depression, anxiety, somatization, attention deficit/hyperactivity,
and avoidant and antisocial personality problems. General intel-
lectual functioning or Intelligence Quotient (IQ) was assessed
using the Wechsler Abbreviated Scale of Intelligence (WASI)
(Wechsler 1999), and is based on the Vocabulary and Matrix
Reasoning subtests.

Doping analysis

Urine samples were collected during the neuropsychological
evaluation and analyzed for AAS and narcotics using gas chro-
matography and mass spectrometry. This was conducted at the
World Anti-Doping Agency-accredited Norwegian Doping
Laboratory at Oslo University Hospital. Stimulants were ana-
lyzed by liquid chromatography and mass spectrometry. The
samples were stored at − 18 °C awaiting analyses. As the half-
lives of different AAS compounds vary widely, it is not obvi-
ous where a clear boundary between a current and a previous
user should be put. The following criteria were used to deter-
mine ongoing AAS use: (1) urine samples positive for AAS
compounds and/or (2) T/E ratio > 4 (see Table 1). A testoster-
one to epitestosterone (T/E) ratio > 4 has been applied by the
World Anti-Doping Agency as a population-based criteria to
follow up for further analyses as such values likely are indica-
tive of testosterone abuse (WADA 2016), although cases of
naturally occurring T/E ratios > 4 appear (Mareck et al. 2010).

Emotion biological motion task

We used the Norwegian version (Vaskinn et al. 2016) of the
EmoBio task (Heberlein et al. 2004). This is a PLD task
(Couture et al. 2010) developed from the stimuli of
Heberlein et al. (2004). The EmoBio task comprises 22 short
video clips of PLD walkers expressing different emotions:
angry, fearful, happy, sad, and neutral (no emotion). Each of
the video clips is displayed on a computer screen, and partic-
ipants indicate which of the emotions is presented by ticking
the right box on a piece of paper. A PLD task operationalizes
body language reading efficiently in the sense that it elimi-
nates the availability of structural cues such as color or shapes,
and thereby enables investigation of pure motion (Okruszek

Table 1 The percentage of urine samples positive for anabolic-
androgenic steroids and mean testosterone to epitestosterone ratio in con-
trols, current, and previous AAS users

Group Analyzed
n (missing)

AAS positive
n (%)

T/E ratio Range

Control 66 (2) 0 1.5 (1.5) 0.10–8.5

AAS current 57 (2) 46 (80.7) 32.9 (42.9) 0.10–225.9

AAS previous 22 (1) 2 (9.1) 2.5 (3.2) 0.6–14.7

T/E testosterone/epitestosterone
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2018; Pavlova 2011). We adopted a proportional scoring
method based on Norwegian norms that used a Norwegian
healthy control group (Vaskinn et al. 2016). In the proportion-
al scoring system, a control group serves as a reference cate-
gory. For instance, where 75% of the control group indicate
Bangry,^ 15% indicate Bfear,^ and 10% indicate Bhappy,^ an
Bangry^ response receives a score of 1 (75/75), a Bfear^ re-
sponse is scored 0.20 (15/75), and a Bhappy^ response re-
ceives a score of 0.13 (10/75). When applying this scoring
method, a certain degree of variability is accepted as normal.
An overall EmoBio score was computed by calculating the
average of all items. Similarly, index scores were computed
for each emotion subcategory by calculating the average of the
corresponding items.

An example of the EmoBio task used: https://youtu.be/
mmY6H3Mt8QE.

Statistical analysis

Comparisons of demographic and clinical data between the non-
users, the AAS dependents, and the AAS non-dependents were
performed using one-way analysis of variance. Two-tailed inde-
pendent sample t tests and chi square test were used to compare
characteristics related to AAS use betweenAAS dependents and
AAS non-dependents. The EmoBio data was negatively skewed
and was therefore reflected and log-transformed (log10). We
used multivariate analysis of variance (MANOVA) to compare
the non-users, the AAS dependents, and the AAS non-
dependents on the overall EmoBio score and the five emotion

subtypes. Differences between means were examined using the
Bonferroni post hoc test for multiple group comparisons. To
control for the potential influence of confounding variables,
we reran the MANOVAs including the following variables into
the model (one at a time): IQ value, the ASEBA T scores for
drug use, and the DSM oriented T scores for antisocial person-
ality problems, anxiety and depression. We used a two-way
MANOVA to examine possible temporal effects of AAS-
exposure on EmoBio performance, by comparing the perfor-
mance of Bcurrent or previous AAS users^, and to see if there
were any interaction effects between Bcurrent or previous AAS
use^ and AAS group. To investigate potential dose-response
effects, a Spearman’s rank-order correlation was run to deter-
mine the relationship between Btotal-lifetime-AAS-exposure^
and EmoBio performance. Differences between the groups were
considered to be significant at an alpha < 0.05. Partial eta-
squared (ηp2) was used as an estimate of effect size. The statis-
tical analyses were conducted using SPSS version 25.0 (IBM
corp. 2017).

Results

Demographics

Demographic and other clinical data are presented in Table 2.
The three groups did not differ in age, height, or alcohol and
cigarette consumption. However, AAS dependents reported
using more non-AAS drugs during the previous 6 months.

Table 2 Demographics and other clinical characteristics

Non-users (n = 69) Non-dependent (n = 38) Dependent (n = 45) Main effect of group
Variable Mean (SD) Mean (SD) Mean (SD) F

Age (years) 31.77 (9.45) 33.00 (8.27) 33.38 (8.52) 0.508

Height (cm) 180.7 (6.87) 179.88 (5.94) 181.20 (7.66) 0.374

Weight (kg) 90.52 (13.98) 94.09 (12.76) 99.93 (14.01) 5.23*c

Education 15.80 (2.73) 14.45 (2.66) 13.82 (2.26) 0.866*b c

IQ 112.96 (9.37) 107.95 (11.25) 101.96 (12.16) 14.34*c d

Tobacco use T 52.16 (4.06) 53.03 (4.93) 54.36 (4.2) 2.99

Alcohol use T 60.03 (7.04) 57.78 (7.65) 57.68 (7.06) 1.168

Non-AAS drug use T 51.68 (6.78) 54.77 (8.45) 60.06 (15.22) 7.89*c

T/E ratio 1.49 (1.47) 19.08 (27.17) 29.87 (45.73) 13.77*b c

Depressive T 52.19 (4.82) 54.74 (6.35) 59.67 (9.80) 13.93*c d

Anxiety T 50.87 (2.67) 53.06 (5.65) 57.46 (8.54) 16.31*c d

Somatic T 53.26 (4.88) 53.13 (4.71) 60.75 (12.41) 12.13*c d

Avoidant T 53.02 (3.88) 53.50 (4.52) 57.18 (6.80) 7.58*c d

ADHD T 54.33 (4.67) 55.90 (5.88) 60.26 (6.88) 12.12*c d

Antisocial T 52.14 (4.39) 57.22 (7.88) 63.92 (9.20) 32.48*a

T, T score; T/?E, testosterone/epitestosterone. * = p < .05. Bonferroni post hoc test: a All groups significantly different from one another, b AAS non-
dependents significantly different from non-users, c AAS dependents significantly different from non-users, d AAS dependents significantly different
from AAS non-dependents

2670 Psychopharmacology (2019) 236:2667–2676

https://youtu.be/mmY6H3Mt8QE
https://youtu.be/mmY6H3Mt8QE


The non-users had longer education and higher IQ compared
to both AAS groups. There was a statistically significant dif-
ference between groups as determined by MANOVA on all
the DSM-oriented scales. Bonferroni post hoc test revealed
that AAS dependents scored significantly higher on all scales
compared to both the AAS non-dependents and the non-users.

Characteristics related to AAS use are displayed in Table 3.
Both groups initiated AAS use on average when in their early
20s. There were no significant differences in average weekly
intake of AAS (mg/week). However, AAS dependents had
used AAS for more years (M = 10.3, SD = 5.5) than AAS
non-dependents (M = 7.7, SD = 5.2), t (80) = − 2.29, p =
0.025. In all, 63.6% of AAS dependents were current AAS
users, compared to 59.5% of the AAS non-dependents. The
majority of the AAS dependents reported some physical
(93.3%), psychological (91.1%), and cognitive (70.4%) side
effects of AAS—significantly higher (ps < 0.025) proportions
compared to the AAS non-dependents.

Comparative performance on the EmoBio task

Tables 4 and Fig. 1 show mean scores and comparative anal-
yses of the performance of the controls, AAS dependents, and

AAS nondependents on the EmoBio task. There were signif-
icant between-group differences for the comparisons on the
overall EmoBio score [F (2, 149) = 4.45, p = 0.013, ηp2 =
0.06]. The Bonferroni post hoc test showed that AAS depen-
dents (M = 0.84) scored significantly lower (p = 0.014), com-
pared to the non-users (M = 0.88), whereas the AAS non-
dependents (M = 0.88), did not differ (p = 1.0) from the non-
users Fig. 1.

For the EmoBio subscales, a significant between-
group difference was observed for fear recognition [F
(2, 149) = 4.32, p = 0.015, ηp2 = 0.06]. The Bonferroni
post hoc test showed that AAS dependents (M = 0.75)
performed significantly worse (p = 0.040) compared to
the non-users (M = 0.87), and compared to AAS non-
dependents (M = 0.89), (p = 0.029). This finding was ro-
bust, as the between-group effect remained significant
with medium effect size after controlling for each of
the included confounders: IQ [F (2, 147) = 4.13, p =
0.018, ηp2 = 0.05], depression [F (2, 149) = 3.95, p =
0.022, ηp2 = 0.06], anxiety [F (2, 149) = 3.95, p = 0.022,
ηp2 = 0.06], antisocial personality problems [F (2, 149) =
3.27, p = 0.041, ηp2 = 0.05], and past 6 months of non-
AAS drug use [F (2, 149) = 3.65, p = 0.029, ηp2 = 0.06]

Table 3 Characteristics related to AAS use, and comparison of the two AAS subgroups

Non-dependent (n = 38) Dependent (n = 45)

Variable Mean (SD) Range Mean (SD) Range t p value

Debut age 23.00 (5.79) 15–38 21.46 (7.35) 12–52 1.06 0.291

Estimated weekly dose 1200.9 (1271.7) 150–7000 1385.1 (854.4) 350–4000 .745 0.459

Total years of use 7.64 (5.19) 1–24 10.35 (5.50) 1.7–30 − 2.29 0.025*

n (%) n (%) X2

Current AAS use 22 (59.5) 28 (63.6) .148 .700

Physical side effects 28 (75.7) 42 (93.3) 5.08 0.024*

Psychological side effects 21 (56.8) 41 (91.1) 13.0 > 0.001*

Cognitive side effects 13 (35.1) 31 (70.4) 13.96 0.001*

*Significant difference between the groups

Table 4 Emotional biological motion test scores and statistics

Non-user (n = 69) Non-dependent (n = 38) Dependent (n = 45) Main effect of group

Emotion † Range Mean (SD) Mean (SD) Mean (SD) F§ p ηp2

Overall 0.56–1.0 0.88 (0.07) 0.88 (0.08) 0.84 (0.10) 4.45 0.013c 0.06

Happy 0.40–1.0 0.91 (0.11) 0.90 (0.12) 0.89 (0.14) 0.45 .637 0.01

Fearful 0.01–1.0 0.87 (0.17) 0.89 (0.11) 0.75 (0.28) 4.32 0.015cd 0.06

Angry 0.28–1.0 0.84 (0.18) 0.83 (0.20) 0.79 (0.18) 1.21 .300 0.02

Sad 0.48–1.0 0.90 (0.14) 0.88 (0.20) 0.86 (0.16) 2.03 .136 0.03

Neutral 0.29–1.0 0.90 (0.16) 0.90 (0.15) 0.88 (0.15) 0.48 .620 0.01

†Emotional biological motion. § Log.Bonferroni post hoc test: a All groups significantly different from one another, b AAS non-dependents significantly
different from non-users, c AAS dependents significantly different from non-users, d AAS dependents significantly different from AAS non-dependents
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(see Table 5). No significant group differences were seen
for the other emotions. There was a small negative cor-
relation between Btotal-lifetime-AAS-exposure^ and fear
recognition (rs (79) = − 0.236, p = 0.036).

There were no significant differences between current and
previous AAS users on the overall EmoBio score [F (1, 61) =
0.018, p = 0.895, ηp2 = 0.000], nor on the fear recognition sub-
scale [F (1, 61) = 0.520, p = 0.473, ηp2 = 0.008]. Moreover,
there were no statistically significant interactions between cur-
rent and previous AAS use and AAS group (AAS dependent,
AAS non-dependent) on overall EmoBio performance [F (1,
61) = 0.024, p = 0.877, ηp2 = 0.000] or on the fear recognition
subscale [F (1, 61) = 0.054, p = 0.816, ηp2 = 0.001].

Discussion

The present study investigated the ability to recognize emotion-
al states from body movement in a large sample of dependent
and non-dependent AAS users and non-using weightlifters.
The findings indicate that AAS dependents have reduced emo-
tion recognition from body movement, fear in particular.
Possible implications of the findings are discussed below.

Compared to the Norwegian norm group (Vaskinn et al.
2016), our study sample had similar scores although the
AAS dependents scored markedly lower on the fear subscale.
In our study sample, significant between-group differences
were also observed for fear recognition where AAS depen-
dents performed poorer compared to both AAS non-
dependents and the non-users. There was no significant dif-
ference between the AAS non-dependents and the non-users
on any of the EmoBio subscales which indicates that emotion
recognition impairments are related to the characteristics of
the AAS-dependent group. This finding of reduced fear rec-
ognition was robust, as the between-group effect remained
significant with medium effect size after controlling for IQ,
past 6 months of non-AAS drug use, antisocial personality
problems, anxiety, and depression. There was also a small,
but significant correlation between total lifetime AAS expo-
sure and fear recognition. Together, these findings provide
some support that impaired fear recognition could be related
to long-term high-dose AAS use and dependence. This is in
accordance with previous reports stating that severe effects on
mental health, brain structure, and cognition are primarily
seen after long-term exposure and in AAS dependence
(Bjørnebekk et al. 2017; Kanayama et al. 2008, 2013; Pope

Fig. 1 Emotional Biological Motion test scores for non-using
weightlifters, AAS-dependents and AAS non-dependents. Error bars cor-
respond to standard error of mean. X- axis, EmoBio subscales, Y-axis,
†EmoBio score. §Log. *AAS dependents significantly different from
non-using weightlifters, ##AAS dependents significantly different from
AAS non-dependents

Table 5 Emotional biological motion test statistics, controlling for confounders

Main effect of group
(adj IQ)

Main effect of group (adj
6 m drugs)

Main effect of group (adj
depression)

Main effect of group (adj
anxiety)

Main effect of group (adj
antisocial)

Emotion† F§ p np2 F§ p ηp2 F§ p ηp2 F§ p ηp2 F§ p ηp2

Overall 2.90 .058 0.04 2.53 .083 0.04 1.59 .207 0.02 1.57 .213 0.02 1.29 .279 0.02

Happy 0.18 .839 0.00 0.31 .737 0.01 0.56 .573 0.01 0.55 .581 0.01 0.52 .593 0.01

Fearful 4.13 0.018cd 0.05 3.65 0.029d 0.06 3.95 0.022d 0.06 3.95 0.022d 0.06 3.27 0.041d 0.05

Angry 0.10 .908 0.00 0.41 .663 0.01 0.53 .589 0.01 0.21 .811 0.00 0.17 .842 0.00

Sad 2.89 .059 0.04 2.42 .093 0.04 1.57 .212 0.02 2.24 .111 0.03 1.47 .233 0.02

Neutral 0.86 .427 0.01 0.38 .688 0.01 0.03 .973 0.00 0.11 .897 0.00 0.08 .918 0.00

†Emotional biological motion. § Log

Adj IQ, adjusted for intelligence quotient (IQ)

Adj 6 m drugs, adjusted for past 6 months of non-AAS drug use (ASEBA Adult Self-Report)

Adj depression, adjusted for ASEBA depression T score

Adj anxiety, Adjusted for ASEBA anxiety T score

Adj antisocial, Adjusted for ASEBA antisocial T score

Bonferroni post hoc test: a All groups significantly different from one another, b AAS non-dependents significantly different from non-users, c AAS
dependents significantly different from non-users, d AAS dependents significantly different from AAS non-dependents
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Jr et al. 2013). Impairment in fear recognition has been asso-
ciated with antisocial or psychopathic tendencies (Birbaumer
et al. 2005; Blair 2006; López et al. 2013). In line with this,
AAS dependents scored higher on the DSM-oriented antiso-
cial personality problem scale, with a mean score close to the
clinical range. When we controlled for antisocial personality
problems in the analysis, the effect of reduced fear recognition
remained, indicating that it does not just reflect an effect of
sociopathy, but is seemingly related to long-termAAS use and
dependence. Associations between AAS dependence and an-
tisocial tendencies have also been reported in other studies
(Kanayama et al. 2018; Miller et al. 2005). Conceivably, the
higher levels of involvement in aggressive and antisocial be-
haviors associated with AAS dependence (Kanayama et al.
2009c) could reflect a lower ability to recognize submission
cues such as fearful body language. In an overlapping sample,
our group recently reported aberrations in functional brain
connectivity organization involving the amygdala in AAS
users, where the connectivity was further reduced with in-
creased lifetime use (Westlye et al. 2017). Aberration in amyg-
dala connectivity could underpin the observed impairment in
fear recognition of AAS dependents, as the amygdala has a
central role in emotion processing and reactivity, fear in par-
ticular (Adolphs 2002; Blair 2006; Ochsner and Gross 2008;
Yildirim and Derksen 2012) and is among the brain regions
with the highest androgen receptor mRNA density (Menard
and Harlan 1993; Michael et al. 1995; Simerly et al. 1990).

In addition, AAS dependents performed significantly
poorer on the overall EmoBio score compared to the non-
users, whereas no difference was seen in AAS non-depen-
dents. However, the effect did not survive adjusting for IQ,
past 6 months of non-AAS drug use, anxiety, and depression,
suggesting that in addition to long-term high-dose AAS use,
other factors associated with AAS dependence may be related
to general emotion recognition. Reduced emotional process-
ing ability has been found in several other psychiatric popu-
lations using the PLD tasks (Leppänen 2006; Loi et al. 2013;
Vaskinn et al. 2017, 2016). As such, it is plausible that the
observed lower accuracy in emotional recognition ability of
AAS dependents is part of a more complex problem picture.
This is in accordance with theoretical considerations and em-
pirical evidence suggesting that emotional processing and re-
sponse are caused by a complex interaction between hormonal
effects, social context, and individual characteristics (Bos
et al. 2012; Keverne et al. 1996; Welker et al. 2015).
Consistent with this, the AAS dependents scored higher on
all the DSM scales, had lower education and IQ, had higher
past 6-month consumption of illegal drugs, and reported more
intra- and interpersonal problems. The majority of the AAS
dependents also reported physical, psychological, and cogni-
tive side effects of AAS and continued use despite experienc-
ing these side effects. This coincides with previous findings
demonstrating that AAS dependents differ markedly from

both AAS non-dependents and non-users on a number of
measures, such as the Structured Clinical Interview for
DSM-IV (Kanayama et al. 2009c). Several contextual factors,
including early-life stress (Pechtel and Pizzagalli 2011;
Veenema 2009) may increase the vulnerability to the adverse
effects of hormonal fluctuations. It has been suggested that
early-life stress can create imbalance in hormonal systems,
especially oxytocin and testosterone systems, which can alter
the brain’s sensitivity to these hormones and affect later social-
emotional behaviors (van Honk et al. 2015).

There was no significant association between emotion
recognition and AAS status (current or previous use).
However, other studies have demonstrated that acute tes-
tosterone administration can alter emotional processing
(Bos et al. 2012; Osório et al. 2018), fear recognition in
particular (Bos et al. 2012; Van Honk and Schutter 2007;
van Honk et al. 2005). In relation to this, it has been hy-
pothesized that testosterone may promote social aggression
by reducing recognition of threat such as fear, anger, and
disgust (Van Honk and Schutter 2007). To our knowledge,
this is the first study investigating the association between
long-term high-dose AAS use and emotion recognition.
The supraphysiological AAS doses used by our sample
are not comparable with the typically low testosterone
doses administered in experimental studies, where the par-
ticipants often are females. Therefore, it is not possible to
directly compare across studies where different methods
have been applied. Studying emotional processing of
AAS users using a within-subject design at different time
points in the usage cycle (during on- and off-cycles) could
enhance our understanding of how AAS induced hormonal
fluctuations influences emotional processing.

Limitations

Some limitations of the present study should be consid-
ered when interpreting the results. The cross-sectional de-
sign does not allow claims regarding causality. It is not
clear whether the observed differences in emotion recog-
nition were present prior to AAS initiation, or if it is
connected to high-dose long-term AAS use. However,
the two alternatives may not be mutually exclusive but
rather reflect a mixture of premorbid characteristics and
consequences of escalated AAS use as discussed in a re-
cent review by Piacentino et al. (2015). Regardless of
causal direction, it is an important aspect to consider clin-
ically since emotion recognition is crucial for adaptive
social functioning. Second, we did not have serum testos-
terone levels, making it harder to investigate the relation-
ship between testosterone levels and emotion recognition.
Third, only males participated in the present study. It is
unclear if the present findings are applicable to females,
notwithstanding evidence of AAS use as a preponderantly
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male phenomenon (Sagoe et al. 2014). Further, the infor-
mation presented in PLD is limited. It has been suggested
that the information provided by body motion is of fore-
most importance when evaluating a person’s emotions or
intentions from long distance, when viewing conditions
are suboptimal (Okruszek 2018; Yovel and O’Toole
2016). Therefore, it could be argued that performance on
PLD tasks is not relevant for most daily social situations.
However, studies show that performance on the EmoBio
task predicts measures of functioning in different clinical
populations (Engelstad et al. 2017; Olbert et al. 2013;
Vaskinn et al. 2017). An important topic for future re-
search is to ascertain whether our findings can be repli-
cated with other methods, such as facial emotion
recognition.

In summary, we found impairments in emotion recognition
from body movement in AAS dependents, particularly for the
recognition of fear. It seems that AAS dependents are a vul-
nerable population where impaired recognition of fearful stim-
uli might be one of many factors leading to a higher frequency
of interpersonal problems and antisocial behavior (Copeland
et al. 1998; Kanayama et al. 2009a, c). The complexity of
symptoms accompanying AAS dependence is important to
consider clinically (Brower 2002), where an interdisciplinary
focus is needed in order to provide optimal treatment. The
present study provides further insight into the psychosocial
outcomes of long-term AAS use and dependence, particularly
emotion processing, which future investigations can build on.
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A B S T R A C T

Background: Anabolic androgenic steroid (AAS) dependence is associated with a high prevalence of intra- and
interpersonal problems, hence it is central to identify cognitive factors related to the development and main-
tenance of dependence.
Methods: The study explores executive functions (EFs) in a sample of 174 male weightlifters, divided into three
groups; 1) AAS dependents; n = 58, 2) AAS non-dependents; n = 38 and 3) AAS non-users; n = 78, using a
targeted battery of neuropsychological (NP) tests, and self-report questionnaires assessing EFs in everyday life,
ADHD symptoms and psychological distress.
Results: Multivariate analysis of variance showed significant between-group differences on several EFs, in-
cluding working memory [F (2, 169) = 13.79, p< .001, ηp² = 0.14], mental flexibility [F (2, 169) = 4.82, p =
.009, ηp² = 0.05], problem-solving [F (2, 169) = 4.77 p = .010, ηp² = 0.05] and inhibition [F (2, 163) = 4.15,
p = .017, ηp² = 0.05]. Additionally, significant between-group differences were seen for self-reported problems
with EFs [F (2, 124) = 4.38 p = .015, ηp² = 0.07], ADHD symptoms [F (2, 124) = 7.02 p = .001, ηp² = 0.10],
and psychological distress [F (2, 124) = 4.11 p = .019, ηp² = 0.06]. Post hoc tests showed that AAS dependents
exhibited poorer EFs and reported more psychological distress compared to non-users.
Conclusion: AAS dependence is associated with executive dysfunction, which might be related to continued
abuse despite adverse side-effects and social consequences. Increased awareness of executive dysfunction could
have important implications for treatment and rehabilitation.

1. Introduction

1.1. Anabolic androgenic steroids

Illicit use of anabolic androgenic steroids (AAS) is considered to be a
growing public health problem throughout the Western world
(Kanayama et al., 2008). AAS comprise testosterone and a large cate-
gory of synthetic relatives and is commonly taken in doses 10–100
times greater than the natural male production (Brower, 2002). The
administration pattern of AAS varies; some use the compounds in cycles
of 6–18 weeks, with drug-free periods in between in order to restore the
suppressed hypothalamic-pituitary-gonadal (HPG) axis. In drug-free
periods many users experience withdrawal symptoms like depression,
irritability, anxiety, fatigue and insomnia (Maravelias et al., 2005). To
avoid this, many users administer AAS continuously in a pattern called

“cruise and blast”, where they alternate between periods with low and
high doses. AAS is associated with a wide range of adverse effects, both
physical and psychiatric (Kanayama et al., 2008; Oberlander and
Henderson, 2012; Pope Jr et al., 2013), in addition to maladaptive
behavior (Hall et al., 2005; Hallgren et al., 2015; Kanayama et al.,
2010; Miller et al., 2005). The side-effects are idiosyncratic as some
experience few whereas others experience severe consequences, but the
risk of adverse side-effects seems to increase with the duration of AAS
use (Pope Jr et al., 2013). Around 30 percent of AAS users develop a
dependency syndrome, characterized by withdrawal symptoms and
continued use despite adverse side-effects and negative impact on social
relations (Kanayama et al., 2009a). The mechanisms underlying AAS
dependence is not fully understood, although it seems that AAS de-
pendence share several elements with other drug dependencies (Nyberg
and Hallberg, 2012; Wood, 2008), including subtle brain structure
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abnormalities (Hauger et al., 2019b). Compared with non-using peers,
AAS users have more hospital admissions and higher risk for premature
death (Horwitz et al., 2019; Petersson et al., 2006). It seems that the
AAS dependent users account for the majority of the public health
problems posed by AAS use (Kanayama et al., 2008, 2009c). Thus, it is
very important to identify cognitive factors influencing decision making
strategies related to the development and maintenance of dependence.

1.2. Testosterone and cognition

AAS easily pass the blood-brain barrier and readily affect the central
nervous system (CNS) (Banks, 2012). Androgen receptors (AR) are
widely expressed in the CNS, not least in regions such as the amygdala,
hippocampus, hypothalamus, brain stem and cerebral cortex (Simerly
et al., 1990), implicated in a wide range of functions. It appear to be a
parabolic association between testosterone levels and brain health,
where testosterone in physiological doses can have neuroprotective
effects (Hammond et al., 2001), but supra-physiological doses on the
other hand can be neurotoxic (Pomara et al., 2015). A similar asso-
ciation between testosterone and cognitive functions is supported by
studies demonstrating that testosterone levels at the tails of the dis-
tribution are associated with impaired cognitive function (Magnusson
et al., 2009; McGinty et al., 2014; Wallin and Wood, 2015; Warren
et al., 2008). Recently, it has been demonstrated that long-term AAS
users perform poorer on different cognitive tasks (Bjørnebekk et al.,
2019; Kanayama et al., 2013), and self-report more prospective
memory lapses and executive function deficits (Heffernan et al., 2015),
compared to non-using weightlifters.

1.3. Executive functions

Executive functions (EFs) can be defined as several cognitive control
mechanisms mediating the ability to successfully regulate thoughts,
emotions and behaviors in a goal directed manner. Although the defi-
nitions vary, most agree that EFs should be viewed as a multi-faceted
construct that consists of several sub-functions, such as behavioral in-
hibition, interference control, working memory and mental flexibility
(Diamond, 2013; Miyake and Friedman, 2012). Even though the sub-
functions are partly distinct, they interrelate flexibly in response to
complex cognitive demands (Miyake et al., 2000). EFs are essential for
mental and physical health and adaptive social functioning. Executive
dysfunction is associated with several disorders, including attention-
deficit/hyperactive disorder (ADHD) (Willcutt et al., 2005) and sub-
stance-use disorder (SUD) (Diamond, 2013). Numerous studies report
associations between substance abuse and impaired EFs (Fernandez-
Serrano et al., 2010; Lundqvist, 2005; Verdejo-García and Pérez-García,
2007), and alterations in brain systems sub-serving these functions,
such as thinner frontal and prefrontal cortex (Fortier et al., 2011;
Mackey et al., 2018). In line with this, our research group has recently
reported that dependent AAS users had thinner cortex in frontal and
prefrontal regions, compared to non-dependent AAS users (Hauger

et al., 2019b). However, the cognitive relevance and implications are
largely unknown, and to our knowledge no study has tested for asso-
ciations between EFs and AAS dependence. The present study assesses
EF in dependent and non-dependent AAS users and non-using male
weightlifters. We used a targeted battery of neuropsychological (NP)
tests designed to assess different EFs, in addition to self-report ques-
tionnaires assessing EFs in everyday life. Moreover, we explored the
relationship between self-report rating scales of EFs and NP test per-
formance, ADHD symptoms and psychological distress. Based on pre-
vious research and models of EFs and dependency, we hypothesized
that the AAS group would show poorer EF relative to non-using
weightlifters, with stronger effects in dependent AAS users.

2. Materials and methods

2.1. Participants

Table 1 summarizes demographic and clinical characteristics of the
sample. We included 174 adult male weightlifters who either had never
used AAS or equivalent doping substances, or who reported previous or
current AAS use corresponding to at least 1 year of cumulative AAS use
(summarizing on-cycle periods). AAS users where further stratified
based on AAS dependence criteria, yielding three groups: 1) AAS de-
pendents; n = 58, 2) AAS non-dependents; n = 38 and 3) non-users; n
= 78. The study sample is part of a longitudinal follow-up, where
participants were asked to take part in a new investigation 3.5 years
after first inclusion (52 % of the current sample) in addition to new
participants being recruited (48 % of the current sample). The data
included in the current paper was collected from April 2017 to Sep-
tember 2019. The participants were recruited through webpages and
forums targeting people interested in heavy weight training, body-
building, and online forums directly addressing steroid use. Ad-
ditionally, posters and flyers were distributed on selected gyms in Oslo.
The study was approved by the Regional Committees for Medical and
Health Research Ethics South East Norway (REC) (2013/601). All
participants received an informational brochure with a complete de-
scription of the study prior to participation, and written informed
consent was obtained from all participants. The participants were
compensated for their participation with a gift certificate equivalent to
500 NOK (approximately 60$).

2.2. Interview and questionnaires

2.2.1. Demographics and substance use
Demographic and clinical data was assessed using a self-report

questionnaire; where an excerpt is shown in Table 1. Current alcohol
use was assessed with Alcohol Use Disorders Identification Test
(AUDIT) (Saunders et al., 1993), a 10 item self-report questionnaire.
The generally accepted cut-point of for identifying a potential alcohol
problem is 8 (Reinert and Allen, 2002), which provided us with the two
following groups 1) “Alcohol risk-use” or 2) “Alcohol under-cutoff”.

Table 1
Demographics and other clinical characteristics.

Non-users (n = 78) Non-dependent (n = 38) Dependent (n = 58) Main effect of group

Variable Mean (SD) Mean (SD) Mean (SD) F p-value ηp²
Age (years) 36.5 (8.8) 38.3 (11.6) 38.7 (9.5) .97 .380 .01
Height (cm) 179.9 (13.3) 183.7 (5.8) 180.1 (6.9) 2.0 .136 .02
Weight (kg) 92.6 (11.2) 97.2 (10.5) 100.2 (17.7) 5.5 .005a .06
Education (years) 16.4 (2.5) 15.7 (2.5) 13.9 (1.9) 20.4 < .001ab .19
IQ 115.5 (11.3) 111.5 (10.3) 105.4 (9.7) 15.2 < .001ab .15
AAS use Mean (SD) Mean (SD) t p-value d
Debut age 24.6 (8.9) 20.9 (4.8) 2.41 .019 .63
Estimated weekly dose 692.0 (536.6) 1196.9 (664.8) −4.15 < .001 .84
Total years of use 6.4 (4.5) 13.3 (6.8) −6.04 < .001 1.37

Bonferroni post hoc test: a = AAS dependents significantly different from non-users and b = AAS dependents significantly different from AAS non-dependents.
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The 11-item self-report Drug Use Disorders Identification Test (DUDIT)
(Berman et al., 2005) was used to assess current non-AAS drug use, and
the two following groups 1) “Drugs risk-use” or 2) “Drugs under-cutoff”
was made based on a cutoff point of 6.

2.2.2. AAS use and dependence
The AAS users also completed digital self-report questionnaires

mapping their AAS use, including motives behind their usage, age of
onset, administration pattern, years of use, length of cycles and number
of life-time cycles, side-effects, average weekly dosage, where in the
cycle they were at the time of assessment, and whether and when they
had ceased using AAS. The presence of AAS dependence was assessed
by a structured clinical interview in the format of the Structured
Clinical Interview for DSM-IV Axis II Disorders (SCID II) by trained
study personnel. The interview module is based on the substance-de-
pendence criteria of DSM-IV, but modified to apply to AAS dependence
(Kanayama et al., 2009). Adequate psychometric properties have been
found (Pope Jr et al., 2010). The study participants were considered to
be AAS dependent if they had a maladaptive pattern of AAS use causing
clinically significant impairment or distress, manifested by three (or
more) of the DSM-IV criteria (Kanayama et al., 2009).

2.2.3. Executive function in everyday life and ADHD symptoms
A short version of the self-report questionnaire Behavior Rating

Inventory of Executive Function-Adult version (BRIEF-A) (Roth et al.,
2005) was used to asses executive functions in everyday life. Originally
BRIEF-A consists of 75 items that comprise nine sub-scales that measure
different aspects of executive functioning, measured on a three-point
response scale; “never” (0), “sometimes” (1), and “often” (2). We se-
lected the three questions with the highest correlation coefficient of
each subscale; Inhibition, Shift, Emotional Control, Self-Monitor, In-
itiate, Working-Memory, Plan/Organize, Task-Monitor and Organiza-
tion of Materials. Additionally we calculated a sum score by adding all
the subscales. Since difficulties with EFs appear to be one important
component of the complex neuropsychology of ADHD (Willcutt et al.,
2005) and ADHD is associated with elevated risk for development of
substance-use disorder (Biederman et al., 1995; Lee et al., 2011), we
included the Adult ADHD Self-Report Scale (ASRS) v1.1. The ASRS is a
symptom checklist developed by the World Health Organization (WHO)
and is based on the ADHD diagnostic criteria of DSM-IV. The full ver-
sion consists of 18 items, and the short screener is based on the six
questions that were found to be the most predictive of symptoms con-
sistent with ADHD (Kessler et al., 2005). Each item requires re-
spondents to rate how frequently a particular symptom of ADHD oc-
curred over the past six months on a five-point response scale from
“never’’ (0) to “very often’’ (4). Based on the classification methods
recommended by Kessler et al., (2005), (2007) a four-stratum classifi-
cation were created: stratum I (score 0–9), stratum II (score 10–13),
stratum III (score 14–17), and stratum IV (score 18–24). Also, a total
sum score of all the eighteen items and a total inattention and hyper-
activity-impulsivity score were obtained, as an equally weighted sum of
response scores. The total ASRS score is shown to correlate significantly

with clinician-rated overall symptom severity (Kessler et al., 2005).

2.2.4. Psychological distress
The Hopkins Symptom Checklist-25 (HSCL-25), derived from the

90-item Symptom Checklist (SCL-90) (Derogatis et al., 1974) was used
to assess psychological distress. It consists of a 10-item subscale for
anxiety and a 15-item subscale for depression, where each item is
scored on a Likert scale from 0 (not at all) to 3 (extremely). A cut-off
point (mean) of 1.75 indicates significant psychological distress and is
widely used in research and practice (Glaesmer et al., 2014) although it
has been argued that this cut-off point is too high for men (Sandanger
et al., 1998).

2.3. Neuropsychological test assessment

The current paper used a selective battery of NP tests designed to
assess different components of EFs. The following test was administered
(see Table 2); Matrix Reasoning and Block Design from the Wechsler
Abbreviated Scale of Intelligence (WASI) (Wechsler, 1999), Digit Span
WASI, Letter Memory Task (Morris and Jones, 1990), The Color-Word
Interference test 3 & 4 (CWIT) and Trail Making tests 4 (TMT) from the
Delis-Kaplan Executive function (D-KEFS) test battery (Delis et al.,
2001),and The Stop Signal Task (SST) from the Cambridge Neu-
ropsychological Test Automated Battery (CANTAB) (De Luca et al.,
2003; Goldberg, 2013). We classified the subtest into the four compo-
nents, problem-solving, mental flexibility, working memory and in-
hibition. For the first three this was done by comprising the mean score
of the z-transformed subtest included (see Table 2). For inhibition, the
stop signal reaction time (SSTRT) represents the participant's mean stop
signal delay at which he successfully inhibit his responses.

2.4. Statistical analysis

Comparisons of demographic data and self-reported executive
function between the three groups were performed using One-Way
ANOVA, and Chi square tests for categorical data. To compare char-
acteristics related to AAS use between the AAS subgroups, two-tailed
independent sample t-tests and Chi square test was used. We used
Multivariate Analysis of Covariance (MANCOVA) to test for differences
in neuropsychological test results, with test scores as dependent vari-
able, group as independent variable, and age and education as covari-
ates. Furthermore, to control for the possible influence of other sub-
stance use, we conducted analyses where risky alcohol and non-AAS
drug use were included as covariates. Preliminary assumption testing
was conducted, with no serious violations noted. Differences between
the groups were considered to be significant at an alpha< 0.05. Partial
eta-squared (ηp²) and Cohen’s d was used as an estimate of effect size.
We corrected for multiple comparisons using Bonferroni correction for
correlated measures (64) where the correlation between the dependent
variables (the four executive components) is taken into account,
(αoriginal 0.05 dived by 4 dependent variables with a Spearman’s rho =
.42 yielded padjusted = 0.022). The relations between various measures

Table 2
Test administered and which executive sub-function they tap.

Name of test / Test battery Subtest Function assessed Component

Wechler Abbreviated Scale of Intelligence (WASI) Block DesignMatrix
Reasoning

Visuospatial reasoning Visual abstract problem-
solving and reasoning

Problem-solving Problem-
solving

Wechler Scale of Intelligence (WAIS) Digit span Auditory working memory Working memory
Letter Memory Task (LMT) LMT, computerized Visual working memory Working memory
Stroop Color-Word Interference test (CWIT), Delis-Kaplan

Executive function system
CWIT 3 CWIT 4 Interference control Mental flexibility and

interference control
Mental flexibility Mental
flexibility

Trail Making Test (TMT), Delis-Kaplan Executive function
system

TMT 4 Mental flexibility and shifting Mental flexibility

The Stop Signal Task (SST), CANTAB, computerized SSTSSRT Response inhibition Inhibition
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of EF, ADHD scores and psychological distress were examined with
Pearson’s correlations. For scores on NP performance z-transformed
residuals are used in the correlation analyses where variability asso-
ciated with age and education is removed. All statistical analyses were
conducted using SPSS version 25.0.0.1.

3. Results

3.1. Demographics and user characteristics

Demographic and other clinical data are presented in Table 1. The
three groups did not differ in age or height. The AAS dependents had
significantly lower IQ and fewer years of education, compared to both
the non-dependents and the non-using weight-lifters. There was no
significant between-group difference in risky alcohol use (X2 = 1.37, p
= 0.505), with the following distribution scoring over cut-off in each of
the groups; 24.3 % of the non-users, 21.2 % of the AAS non-dependents
and 15.7 % of the AAS dependents. However, there was a significant
difference in risky non-AAS drug use (X2 = 21.32, p< .001), with the
highest percentage of risk use being in the AAS non-dependent group
(29.0 %), compared to non-users (1.4 %) and AAS dependents (6.3 %).

Compared to AAS non-dependents, AAS dependents had sig-
nificantly higher average weekly intake of AAS (mg/week), started
using AAS at an earlier age and had a longer duration of use, see Table 1
for details.

3.2. Neuropsychological test assessment

Multivariate analysis of variance showed between-group differences
on several EFs, independent of age and education, including working
memory [F (2, 169) = 13.79, p< .001, ηp² = 0.14], mental flexibility
[F (2, 169) = 4.82, p= .009, ηp²= 0.05], problem-solving [F (2, 169)
= 4.77 p = .010, ηp² = 0.05] and inhibition [F (2, 163) = 4.15, p =
.017, ηp² = 0.05]. After Bonferroni correction with an adjusted alpha
value of 0.022, the effects remained with medium to large effect sizes,
given by eta squared, for all the components. AAS dependents had the
poorest performance on all measures, see Table 3 for details. AAS de-
pendents performed significantly poorer compared to non-users,
whereas AAS non-dependents did not differ significantly from non-
users, except for working memory performance. The effects remained
significant at an ordinal alpha level for working memory, mental flex-
ibility and problem-solving after controlling for risky alcohol and non-
AAS drug use, see Table 5.

3.3. Self-report questionnaires

3.3.1. Executive function in everyday life
There were significant between-group differences on self-reported

problems with executive functions in everyday life, for the total BRIEF
score [F (2, 135) = 6.89 p = .001, ηp²= 0.09] and the following sub-
scales; Inhibition, Shift, Emotional Control, Self-Monitoring, Initiation,
Working Memory and Organization of Materials. Bonferroni post hoc
test show that AAS dependents reported significantly more problems

compared to non-users, whereas AAS non-dependents did not differ
significantly from non-users, except for inhibition and working
memory, see Table 4 for details. Significant between-group differences
remained on the total BRIEF score after controlling for risky alcohol and
non-AAS drug use, see Table 5.

3.3.2. ADHD symptoms
There was significant between-group differences on self-reported

ADHD symptoms, measured by the total ARSR score [F (2, 135) = 8.58
p= .001, ηp²= 0.11], the inattention subscale [F (2, 135) = 5.78 p=
.004, ηp² = 0.08], and the hyperactivity-impulsivity subscale [F (2,
135) = 9.89 p< .001, ηp² = 0.13]. AAS dependents scored sig-
nificantly higher compared to the non-users, whereas AAS non-depen-
dents did not differ significantly from non-users. Significant between-
group differences remained on the total ARSR score after controlling for
risky alcohol and non-AAS drug use, see Table 5. There was no sig-
nificant difference in ASRS strata classification between the groups (X2

= 5.53, p= .478). The majority of all the groups were in Strata I and II,
the following percentages were in Strata III, non-users (1.5 %), AAS
non-dependents (6.9 %) and AAS dependents (6.8 %) and in Strata IV;
non-users (1.5 %), AAS non-dependents (3.4 %) and AAS dependents
(4.5 %).

3.3.3. Psychological distress
There were significant between-group differences on self-reported

problems with psychological distress, for the total HSCL score [F (2,
135) = 4.73 p= .010, ηp²= 0.07], the anxiety subscale [F (2, 135) =
5.57 p = .005, ηp² = 0.08] and the depression subscale [F (2, 135) =
3.38 p = .037, ηp² = 0.05]. AAS dependents reported significantly
more symptoms compared to non-users. Significant between-group
differences remained on the total HSCL score after controlling for risky
alcohol and non-AAS drug use, see Table 5. Additionally, a higher
percentage of the AAS dependence (22.7 %) scored over clinical cut-off
(≥1.75), compared to non-users (4.6 %) and AAS non-dependents (13.8
%), (X2 = 8.04, p = 0.018).

3.3.4. Correlations between self-report and NP tests
There were strong significant correlations between self-reported

problems with EFs and total ADHD symptoms, (r = .767, p< .001),
and psychiatric symptoms (r = .769, p< .001). There was no sig-
nificant correlation between NP test results and the self-report mea-
sures, see Fig. 1 for details.

4. Discussion

The present study examined EFs in a large sample of AAS-exposed
and non-exposed weightlifters. The AAS dependents exhibit poorer EFs
in both test setting and every-day life, compared to non-using weigh-
tlifters. Self-reported executive dysfunction was associated with ADHD
symptoms and psychological distress. Potential implications are dis-
cussed below.

Table 3
Executive function test results.

Non-user (n = 78) Non-dependent (n = 38) Dependent (n = 58) Main effect of group

α Mean z (SD) Mean z (SD) Mean z (SD) F p-value ηp²
Problem-solving .72 .328 (72) .016 (88) −417 (91) 4.77 .010a .05
Working memory .77 .437 (.78) −.033 (78) −.522 (84) 13.79 < .001ac .14
Mental flexibility .75 −.272 (.68) .110 (.94) .280 (.78) 4.82 .009a .05
Inhibition 208.8 (30.4) 208.0 (36.8) 228.4 (35.5) 4.15 .017ab .05

α= Cronbach’s alpha. Problem-solving and working memory, higher score reflects better performance. Mental flexibility and inhibition, higher score reflects poorer
performance. Bonferroni post hoc test; a = AAS dependents significantly different from non-users, b = AAS dependents significantly different from AAS non-
dependents and c = AAS non-dependents significantly different from non-users.
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4.1. AAS dependents significantly different, as opposed to non-dependents

In accordance with previous studies (Hauger et al., 2019a;
Kanayama et al., 2009c), AAS-users fulfilling the criteria for AAS-de-
pendency were, on a group level, clearly different from non-dependent
AAS users and non-exposed weightlifters on several measures. On NP
measures AAS dependents performed markedly poorer on inhibition,
working memory, mental flexibility and problem-solving tasks, com-
pared to non-using weightlifters. The dependent group also reported
significantly more problems with working memory, initiation, mental
flexibility, inhibition, self-monitoring and emotional control in every-
day life. The non-dependent group did not differ to the same extent. On
most measures the non-dependents were not significantly different from
non-using weightlifters. The exceptions included higher scores on the
BRIEF-A working memory and inhibit scale, indicating more difficulties
with controlling impulses, and lower working memory performance
compared to non-exposed weightlifters. These findings are in line with
previous reports of other drug dependencies stating that executive
deficits in individuals with a dependency syndrome typically is more
generalized and of greater magnitude, compared to what have been
seen for recreational users (Verdejo-García and Pérez-García, 2007).
Furthermore, the AAS dependents had lower IQ, which might be related
to the observed effects. The majority of participants across groups re-
ported relatively few ADHD symptoms (strata I and II), which indicates
a low probability for the presence of an ADHD diagnosis. Still, the de-
pendent group reported significantly more ADHD symptoms compared
to the non-users. There is evidence suggesting that ADHD comprises a
dimensional trait, where an increase in number of symptoms is asso-
ciated with higher comorbidity and disability (Vogel et al., 2018).
Furthermore, even few ADHD symptoms are associated with an in-
creased burden, and differences seen at a subclinical level might be
clinically relevant. Consistent with this there was a significant strong
positive correlation between ADHD symptoms and self-reported pro-
blems with EFs and psychological distress, emphasizing the important
link between self-reported EFs and psychological wellbeing.

4.2. Executive functions, behavior and psychological distress

EF skills are essential for mental and physical health and adaptive
social functioning. AAS dependence has been associated with intra- and
interpersonal problems (Hauger et al., 2019a; Kanayama et al., 2009c)

Table 4
Executive function self-report.

Non-user (n = 65) Non-dependent (n = 29) Dependent (n = 44) Main effect of group

α Mean (SD) Mean (SD) Mean (SD) F p-value ηp²

BRIEF Total .93 8.09 (7.71) 12.86 (9.89) 14.52 (10.94) 6.89 .001a .09
Inhibit .60 0.97 (1.05) 1.83 (1.34) 1.84 (1.54) 7.85 .001ac .10
Shift .63 0.75 (1.13) 0.97 (1.15) 1.55 (1.41) 5.53 .005a .08
Emotional control .71 0.86 (1.14) 1.21 (1.08) 1.77 (1.64) 6.34 .002a .09
Self-Monitor .64 0.71 (0.91) 1.07 (1.10) 1.34 (1.40) 4.25 .016a .06
Initiate .80 1.48 (1.47) 2.03 (1.86) 1.73 (1.83) 1.14 .323 .02
Working Memory .74 0.82 (1.09) 1.69 (1.79) 2.07 (1.87) 9.44 < .001ac .12
Plan/organize .78 0.68 (1.15) 1.21 (1.42) 1.09 (1.36) 2.30 .104 .03
Task Monitor .77 1.02 (1.23) 1.66 (1.49) 1.64 (1.63) 3.35 .038 .05
Organization Materials .74 0.82 (1.06) 1.21 (1.52) 1.50 (1.59) 3.46 .034a .05

HSCL Total .92 1.23 (.30) 1.37 (.39) 1.44 (.45) 4.73 .010a .07
HSCL Anxiety .85 1.16 (.27) 1.32 (.36) 1.40 (52) 5.57 .005a .08
HSCL Depression .88 1.27 (.35) 1.40 (.43) 1.47 (45) 3.38 .037a .05

ADHD Total .90 16.7 (8.3) 21.1 (11.7) 25.4 (13.2) 8.58 < .001a .11
ADHD Inattention .84 8.9 (5.0) 11.3 (6.4) 12.8 (7.3) 5.78 .004a .08
ADHD Hyper-impulsive .81 7.8 (4.3) 9.8 (5.6) 12.5 (6.6) 9.89 < .001a .13

α= Cronbach’s alpha. Bonferroni post hoc test; a = AAS dependents significantly different from non-users and c = AAS non-dependents significantly different from
non-users.

Table 5
Main findings adjusted for alcohol and non-AAS drug use.

Main effect of group

F p-value ηp²
Mental flexibility 3.35 .038a .05
Working memory 10.78 < .001a .13
Problem-solving 3.83 .024a .05
Inhibition 2.82 .096 .03
BRIEF total 9.26 < .001ab .12
HSCL total 6.03 .003ab .09
ADHD total 12.7 < .001ab .17

Bonferroni post hoc test: a = AAS dependents significantly different from non-
users and b = AAS dependents significantly different from AAS non-depen-
dents.

Fig. 1. Correlation between performance-based executive functioning and self-
report measures of executive function, psychological distress and ADHD
symptoms. ADHD, BRIEF and HSCL each represent the total scale score.
*p< .05, **p< .01, ***p< .001.
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and high levels of involvement in aggressive and antisocial behaviors
(Copeland et al., 2000; Kanayama et al., 2009c), that might be partly
related to executive dysfunction such as reduced inhibitory control,
self-monitoring and emotional regulation. Also, dysfunctional executive
control may increase the likelihood of drug-seeking behavior despite
repeatedly adverse outcomes on psychical, emotional and social well-
being. For instance may difficulties with problem-solving and decision-
making increase the likelihood of guiding behavior based on available
short-term gains, rather than on careful consideration of the long-term
consequences of their choices (Passetti et al., 2008). This cognitive style
may negatively affect both the individual and their social relations.

In the present study the AAS dependents experienced more psy-
chological distress. The AAS dependents reported higher levels of both
anxiety and depression, and over 20 percent scored above clinical cut-
off indicating significant distress. These results are consistent with
previous results from our research group and others demonstrating that
AAS dependence is associated with heightened levels of mental health
problems (Brower, 2009; Hauger et al., 2019b; Kanayama et al.,
2009c). There are evidence suggesting a dose-response relationship
between AAS use and psychological effects, in the sense that psycho-
logical effects are related to the type, combinations, doses and duration
of use (Kanayama et al., 2008; Pagonis et al., 2006). The AAS depen-
dents had a higher cumulative AAS lifetime exposure, which may be
linked to an increased risk of adverse psychological effects. Further-
more, it has been argued that the motivation for persistent use despite
adverse consequences is sustained in large parts by psychological fac-
tors, highlighting the importance of healthcare professional having an
understanding of these psychological variables, including the potential
for AAS to cause dependence (Brower, 2009). Indeed, mental health
problems seem to be the main reason for AAS users to seek treatment
and should receive considerable attention (Havnes et al., 2019)

4.3. Executive dysfunction and vulnerability for use and dependence

Several neuroimaging studies demonstrate that substance abuse is
associated with brain abnormalities in frontal and prefrontal regions
(Bolla et al., 2004; Fortier et al., 2011; Mackey et al., 2018). These
regions are typically assumed to reflect important nodes in the extended
brain network supporting executive functions (Miller and Cohen,
2001). In line with this, our research group recently reported that de-
pendent AAS users had thinner cortex in widespread regions, specifi-
cally in frontal and prefrontal regions, compared to non-dependent AAS
users (Hauger et al., 2019b). Thus, assuming a link between brain
structural variability and cognitive performance, it was anticipated that
the dependent group exhibited problems with EF to a greater extent.
The dependent group had used AAS for a longer period, and had a
higher cumulative AAS lifetime exposure, that might be related to the
observed effects. However, the cross-sectional design does not allow
claims regarding causality. Thus, we cannot infer whether the observed
effects are due to pre-existing factors or long-term AAS use. Pre-
sumably, pre-existing cognitive, genetic and environmental factors
predict initial AAS use, and the development of a dependency syndrome
might reflect a combination of pre-existing vulnerability and con-
sequences of escalated use. It has previously been reported that conduct
disorder represents an important risk factor for initiating AAS use
among male weightlifters (Pope Jr et al., 2012) as well the progression
to AAS-dependence (Kanayama et al., 2018). Here, we see that also
ADHD symptoms at a subclinical level is associated with AAS-use and
dependence, and although not possible to determine with cross-sec-
tional data, might pose an early risk for AAS initiation and progression
of use.

4.4. Considering executive functions in the context of treatment and
rehabilitation

It is critical to consider executive dysfunction in relation to

treatment and rehabilitation, since EF is associated with treatment re-
tention and drug relapse (Aharonovich et al., 2006; Brorson et al., 2013;
Passetti et al., 2008). Adequate cognitive functioning is essential for
many of the activities in psychosocial therapies commonly used in SUD
treatment (Aharonovich et al., 2006; Gottschalk et al., 2001). Conse-
quently, neuropsychological assessment could give useful information
to guide treatment planning. Together with other clinical measures,
neuropsychological test results may be used to identify individuals in
need of specifically adjusted treatment programs and or cognitive re-
habilitation (Brorson et al., 2013; Passetti et al., 2008). Furthermore,
clinically it is important to consider which methods to use when as-
sessing EF on an individual level. Our results showed no significant
correlations between the NP EF tests and self-reported EF (BRIEF-A),
suggesting that they capture different aspects of functioning. This co-
incides with previous studies reporting that BRIEF-A is associated with
emotional distress, but not performance-based EF tests (Hagen et al.,
2019; Løvstad et al., 2016). Together this emphasizes the importance of
taking both test results and self-report into account when conducting an
evaluation of overall functioning. Many AAS users describe a reluctance
to seek treatment, partly because they perceive health-care profes-
sionals to lack knowledge about AAS use and its consequences (Pope
et al., 2004). Furthermore, although AAS-dependence share features
with other substance dependencies, there are also marked differences
(Hildebrandt et al., 2011), meaning that treatment programs need to be
adjusted to apply to AAS dependence. Thus, improved knowledge about
specific features of AAS dependence needs to be implicated in clinical
practice. Moreover, it is important to note that although we find sig-
nificant differences between the groups on several accounts, there is
always variation within the groups. The variation and the individual
perspective are important to recognize, especially in clinical practice. It
is crucial to be curious and explore the motives behind the AAS use, and
as with every other drug of abuse, explore the function the AAS use has
for the individual.

4.5. Limitations

There are some limitations to the present study. First, the study
sample had a high proportion of AAS dependents compared to other
studies. However, many of the participants were long-term users, and
dependent users reported using AAS for 13.3 years on average. Thus,
the high proportion of dependents may be seen in relation to the in-
creased likelihood of developing dependence upon prolonged use.
Second, the cross-sectional design does not allow claims regarding
causality. Third, while the Cronbach's alpha for the total scale scores is
indicative of excellent internal consistency, there is some variability for
the subscales, ranging from questionable to good, questioning the
generalizability of the subscale findings. Fourth, drug dependencies are
complex phenomena with a highly multidimensional origin. Even if we
statistically control for relevant confounders, confounding may still
exist, e.g. through clinical features not assessed as part of this project or
through interactions between clinical variables.

4.6. Conclusion

AAS dependence is associated with executive dysfunction in both
test setting and every-day life as assessed using self-reports. The latter
was strongly associated with ADHD symptoms and psychological dis-
tress. AAS dependents seem to be a vulnerable population, where
problems with EF might be one of many factors related to the devel-
opment and maintenance of dependence. Increased awareness of ex-
ecutive dysfunction could have important implications for treatment
and rehabilitation.
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