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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.

Author disclosures

The presented results have not been previously published, and no

L.E. Hauger, et al. Drug and Alcohol Dependence 208 (2020) 107874

6



related papers are under submission or revision in any other journals.
All authors have contributed substantially to the present work and have
seen and approved the manuscript being submitted. All authors declare
no conflict of interest.

Contributors

All authors have contributed substantially to the present work and
have seen and approved the manuscript being submitted.

Declarations of Competing Interest

None.

Acknowledgements

This research was funded by grants 2013087 and 2016049 (Dr.
Bjørnebekk) from the South-Eastern Norway Regional Health
Authority, Norway and Internal research grants from the Division on
Mental Health and Addiction, Norway (Dr. Bjørnebekk and PsyD.
Hauger).

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.drugalcdep.2020.
107874.

References

Aharonovich, E., Hasin, D.S., Brooks, A.C., Liu, X., Bisaga, A., Nunes, E.V., 2006.
Cognitive deficits predict low treatment retention in cocaine dependent patients.
Drug Alcohol Depend. 81, 313–322.

Banks, W.A., 2012. Brain meets body: the blood-brain barrier as an endocrine interface.
Endocrinology 153, 4111–4119.

Berman, A.H., Bergman, H., Palmstierna, T., Schlyter, F., 2005. Evaluation of the Drug
Use Disorders Identification Test (DUDIT) in criminal justice and detoxification set-
tings and in a Swedish population sample. Eur. Addict. Res. 11, 22–31.

Biederman, J., Wilens, T., Mick, E., Milberger, S., Spencer, T.J., Faraone, S.V., 1995.
Psychoactive substance use disorders in adults with attention deficit hyperactivity
disorder (ADHD): effects of ADHD and psychiatric comorbidity. Am. J. Psychiatry
152, 1652–1658.

Bjørnebekk, A., Westlye, L.T., Walhovd, K.B., Jørstad, M.L., Sundseth, Ø.Ø., Fjell, A.M.,
2019. Cognitive performance and structural brain correlates in long-term anabolic-
androgenic steroid exposed and nonexposed weightlifters. Neuropsychol. Rev. 33,
547.

Bolla, K., Ernst, M., Kiehl, K., Mouratidis, M., Eldreth, D., Contoreggi, C., Matochik, J.,
Kurian, V., Cadet, J., Kimes, A., 2004. Prefrontal cortical dysfunction in abstinent
cocaine abusers. J. Neuropsychiatry Clin. Neurosci. 16, 456–464.

Brorson, H.H., Arnevik, E.A., Rand-Hendriksen, K., Duckert, F., 2013. Drop-out from
addiction treatment: a systematic review of risk factors. Clin. Psychol. Rev. 33,
1010–1024.

Brower, K.J., 2002. Anabolic steroid abuse and dependence. Curr. Psychiatry Rep. 4,
377–387.

Brower, K.J., 2009. Anabolic steroid abuse and dependence in clinical practice. Phys.
Sportsmed. 37, 131–140.

Copeland, J., Peters, R., Dillon, P., 2000. Anabolic-androgenic steroid use disorders
among a sample of Australian competitive and recreational users. Drug Alcohol
Depend. 60, 91–96.

De Luca, C.R., Wood, S.J., Anderson, V., Buchanan, J.-A., Proffitt, T.M., Mahony, K.,
Pantelis, C., 2003. Normative data from the CANTAB. I: development of executive
function over the lifespan. J. Clin. Exp. Neuropsychol. 25, 242–254.

Delis, D.C., Kaplan, E., Kramer, J.H., 2001. Delis-Kaplan Executive Function System.
Derogatis, L.R., Lipman, R.S., Rickels, K., Uhlenhuth, E.H., Covi, L., 1974. The hopkins

symptom checklist (HSCL): a self‐report symptom inventory. Behav. Sci. 19, 1–15.
Diamond, A., 2013. Executive functions. Annu. Rev. Psychol. 64, 135–168.
Fernandez-Serrano, M.J., Pérez-García, M., Schmidt Río-Valle, J., Verdejo-Garcia, A.,

2010. Neuropsychological consequences of alcohol and drug abuse on different
components of executive functions. J. Psychopharmacol. 24, 1317–1332.

Fortier, C.B., Leritz, E.C., Salat, D.H., Venne, J.R., Maksimovskiy, A.L., Williams, V.,
Milberg, W.P., McGlinchey, R.E., 2011. Reduced cortical thickness in abstinent al-
coholics and association with alcoholic behavior. Alcohol. Clin. Exp. Res. 35,
2193–2201.

Glaesmer, H., Braehler, E., Grande, G., Hinz, A., Petermann, F., Romppel, M., 2014. The
German Version of the Hopkins Symptoms Checklist-25 (HSCL-25)—factorial struc-
ture, psychometric properties, and population-based norms. Compr. Psychiatry 55,

396–403.
Goldberg, M.C., 2013. CANTAB. In: Volkmar, F.R. (Ed.), Encyclopedia of Autism

Spectrum Disorders. Springer, New York, New York, NY, pp. 519–522.
Gottschalk, C., Beauvais, J., Hart, R., Kosten, T., 2001. Cognitive function and cerebral

perfusion during cocaine abstinence. Am. J. Psychiatry 158, 540–545.
Hagen, E., Sømhovd, M., Hesse, M., Arnevik, E.A., Erga, A.H., 2019. Measuring cognitive

impairment in young adults with polysubstance use disorder with MoCA or BRIEF-
A–The significance of psychiatric symptoms. J. Subst. Abuse Treat. 97, 21–27.

Hall, R.C., Hall, R.C., Chapman, M.J., 2005. Psychiatric complications of anabolic steroid
abuse. Psychosomatics 46, 285–290.

Hallgren, M., Pope Jr, H.G., Kanayama, G., Hudson, J.I., Lundin, A., Källmén, H., 2015.
Anti-social behaviors associated with anabolic-androgenic steroid use among male
adolescents. Eur. Addict. Res. 21, 321–326.

Hammond, J., Le, Q., Goodyer, C., Gelfand, M., Trifiro, M., LeBlanc, A., 2001.
Testosterone‐mediated neuroprotection through the androgen receptor in human
primary neurons. J. Neurochem. 77, 1319–1326.

Hauger, L.E., Sagoe, D., Vaskinn, A., Arnevik, E.A., Leknes, S., Jørstad, M.L., Bjørnebekk,
A., 2019a. Anabolic androgenic steroid dependence is associated with impaired
emotion recognition. Psychopharmacology (Berl.) 1–10.

Hauger, L.E., Westlye, L.T., Fjell, A.M., Walhovd, K.B., Bjørnebekk, A., 2019b. Structural
brain characteristics of anabolic–androgenic steroid dependence in men. Addiction
114, 1405–1415.

Havnes, I.A., Jørstad, M.L., Wisløff, C., 2019. Anabolic-androgenic steroid users receiving
health-related information; health problems, motivations to quit and treatment de-
sires. Substance abuse treatment, prevention, policy Analysis 14, 20.

Heffernan, T., Battersby, L., Bishop, P., O’Neill, T., 2015. Everyday memory deficits as-
sociated with anabolic-androgenic steroid use in regular gymnasium users. Open
Psychiatr. J. 9, 1–6.

Hildebrandt, T., Yehuda, R., Alfano, L., 2011. What can allostasis tell us about anaboli-
c–androgenic steroid addiction? Dev. Psychopathol. 23, 907–919.

Horwitz, H., Andersen, J., Dalhoff, K., 2019. Health consequences of androgenic anabolic
steroid use. J. Intern. Med. 285, 333–340.

Kanayama, G., Brower, K.J., Wood, R.I., Hudson, J.I., Pope Jr., H.G., Harrison, G., 2009.
Issues for DSM-V: clarifying the diagnostic criteria for anabolic-androgenic steroid
dependence. Acad. Psychiatry.

Kanayama, G., Hudson, J.I., Pope, H.G., 2008. Long-term psychiatric and medical con-
sequences of anabolic–androgenic steroid abuse: A looming public health concern?
Drug Alcohol Depend. 98, 1–12.

Kanayama, G., Brower, K.J., Wood, R.I., Hudson, J.I., Pope Jr., H.G., 2009a.
Anabolic–androgenic steroid dependence: an emerging disorder. Addiction 104,
1966–1978.

Kanayama, G., Hudson, J.I., Pope, H.G., 2009c. Features of men with anabolic-androgenic
steroid dependence: a comparison with nondependent AAS users and with AAS
nonusers. Drug Alcohol Depend. 102, 130–137.

Kanayama, G., Hudson, J.I., Pope, H.G., 2010. Illicit anabolic–androgenic steroid use.
Horm. Behav. 58, 111–121.

Kanayama, G., Kean, J., Hudson, J.I., Pope, H.G., 2013. Cognitive deficits in long-term
anabolic-androgenic steroid users. Drug Alcohol Depend. 130, 208–214.

Kanayama, G., Pope, H.G., Hudson, J.I., 2018. Associations of anabolic-androgenic
steroid use with other behavioral disorders: an analysis using directed acyclic graphs.
Psychol. Med. 48, 2601–2608.

Kessler, R.C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi, E., Howes, M.J., Jin, R.,
Secnik, K., Spencer, T., 2005. The World Health Organization Adult ADHD Self-
Report Scale (ASRS): a short screening scale for use in the general population.
Psychol. Med. 35, 245–256.

Kessler, R.C., Adler, L.A., Gruber, M.J., Sarawate, C.A., Spencer, T., Van Brunt, D.L., 2007.
Validity of the World Health Organization Adult ADHD Self‐Report Scale (ASRS)
Screener in a representative sample of health plan members. Int. J. Methods
Psychiatr. Res. 16, 52–65.

Lee, S.S., Humphreys, K.L., Flory, K., Liu, R., Glass, K., 2011. Prospective association of
childhood attention-deficit/hyperactivity disorder (ADHD) and substance use and
abuse/dependence: a meta-analytic review. Clin. Psychol. Rev. 31, 328–341.

Løvstad, M., Sigurdardottir, S., Andersson, S., Grane, V., Moberget, T., Stubberud, J.,
Solbakk, A., 2016. Behavior Rating Inventory of Executive Function Adult Version in
patients with neurological and neuropsychiatric conditions: symptom levels and re-
lationship to emotional distress. J. Int. Neuropsychol. Soc. 22, 682–694.

Lundqvist, T., 2005. Cognitive consequences of cannabis use: comparison with abuse of
stimulants and heroin with regard to attention, memory and executive functions.
Pharmacol. Biochem. Behav. 81, 319–330.

Mackey, S., Allgaier, N., Chaarani, B., Spechler, P., Orr, C., Bunn, J., Allen, N.B., Alia-
Klein, N., Batalla, A., Blaine, S., 2018. Mega-analysis of gray matter volume in sub-
stance dependence: general and substance-specific regional effects. Am. J. Psychiatry
176, 119–128.

Magnusson, K., Hånell, A., Bazov, I., Clausen, F., Zhou, Q., Nyberg, F., 2009. Nandrolone
decanoate administration elevates hippocampal prodynorphin mRNA expression and
impairs Morris water maze performance in male rats. Neurosci. Lett. 467, 189–193.

Maravelias, C., Dona, A., Stefanidou, M., Spiliopoulou, C., 2005. Adverse effects of ana-
bolic steroids in athletes: a constant threat. Toxicol. Lett. 158, 167–175.

McGinty, H.L., Phillips, K.M., Jim, H.S., Cessna, J.M., Asvat, Y., Cases, M.G., Small, B.J.,
Jacobsen, P.B., 2014. Cognitive functioning in men receiving androgen deprivation
therapy for prostate cancer: a systematic review and meta-analysis. Support. Care
Cancer 22, 2271–2280.

Miller, E.K., Cohen, J.D., 2001. An integrative theory of prefrontal cortex function. Annu.
Rev. Neurosci. 24, 167–202.

Miller, K.E., Hoffman, J.H., Barnes, G.M., Sabo, D., Melnick, M.J., Farrell, M.P., 2005.
Adolescent anabolic steroid use, gender, physical activity, and other problem

L.E. Hauger, et al. Drug and Alcohol Dependence 208 (2020) 107874

7

https://doi.org/10.1016/j.drugalcdep.2020.107874
https://doi.org/10.1016/j.drugalcdep.2020.107874
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0005
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0005
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0005
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0010
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0010
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0015
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0015
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0015
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0020
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0020
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0020
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0020
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0025
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0025
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0025
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0025
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0030
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0030
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0030
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0035
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0035
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0035
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0040
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0040
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0045
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0045
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0050
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0050
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0050
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0055
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0055
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0055
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0060
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0065
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0065
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0070
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0075
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0075
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0075
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0080
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0080
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0080
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0080
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0085
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0085
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0085
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0085
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0090
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0090
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0095
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0095
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0100
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0100
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0100
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0105
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0105
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0110
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0110
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0110
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0115
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0115
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0115
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0120
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0120
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0120
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0125
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0125
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0125
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0130
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0130
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0130
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0135
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0135
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0135
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0140
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0140
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0145
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0145
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0150
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0150
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0150
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0155
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0155
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0155
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0160
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0160
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0160
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0165
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0165
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0165
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0170
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0170
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0175
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0175
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0180
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0180
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0180
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0185
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0185
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0185
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0185
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0190
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0190
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0190
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0190
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0195
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0195
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0195
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0200
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0200
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0200
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0200
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0205
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0205
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0205
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0210
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0210
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0210
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0210
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0215
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0215
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0215
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0220
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0220
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0225
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0225
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0225
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0225
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0230
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0230
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0235
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0235


behaviors. Subst. Use Misuse 40, 1637–1657.
Miyake, A., Friedman, N.P., 2012. The nature and organization of individual differences

in executive functions: Four general conclusions. Curr. Dir. Psychol. Sci. 21 (1), 8–14.
Miyake, A., Friedman, N.P., Emerson, M.J., Witzki, A.H., Howerter, A., Wager, T.D.,

2000. The unity and diversity of executive functions and their contributions to
complex “frontal lobe” tasks: a latent variable analysis. Cogn. Psychol. 41, 49–100.

Morris, N., Jones, D.M., 1990. Memory updating in working memory: the role of the
central executive. Br. J. Psychol. 81, 111–121.

Nyberg, F., Hallberg, M., 2012. Interactions between opioids and anabolic androgenic
steroids: implications for the development of addictive behavior. Int. Rev. Neurobiol.
102, 189–206.

Oberlander, J.G., Henderson, L.P., 2012. The Sturm und Drang of anabolic steroid use:
angst, anxiety, and aggression. Trends Neurosci. 35, 382–392.

Pagonis, T.A., Angelopoulos, N.V., Koukoulis, G.N., Hadjichristodoulou, C.S., 2006.
Psychiatric side effects induced by supraphysiological doses of combinations of
anabolic steroids correlate to the severity of abuse. Eur. Psychiatry 21, 551–562.

Passetti, F., Clark, L., Mehta, M., Joyce, E., King, M., 2008. Neuropsychological predictors
of clinical outcome in opiate addiction. Drug Alcohol Depend. 94, 82–91.

Petersson, A., Garle, M., Granath, F., Thiblin, I., 2006. Morbidity and mortality in patients
testing positively for the presence of anabolic androgenic steroids in connection with
receiving medical care: a controlled retrospective cohort study. Drug Alcohol
Depend. 81, 215–220.

Pomara, C., Neri, M., Bello, S., Fiore, C., Riezzo, I., Turillazzi, E., 2015. Neurotoxicity by
synthetic androgen steroids: oxidative stress, apoptosis, and neuropathology: a re-
view. Curr. Neuropharmacol. 13, 132–145.

Pope, H.G., Kanayama, G., Ionescu‐Pioggia, M., Hudson, J.I., 2004. Anabolic steroid
users’ attitudes towards physicians. Addiction 99, 1189–1194.

Pope Jr., H.G., Kean, J., Nash, A., Kanayama, G., Samuel, D.B., Bickel, W.K., Hudson, J.I.,
2010. A diagnostic interview module for anabolic-androgenic steroid dependence:
preliminary evidence of reliability and validity. Exp. Clin. Psychopharmacol. 18, 203.

Pope Jr., H.G., Kanayama, G., Hudson, J.I., 2012. Risk factors for illicit anabolic-andro-
genic steroid use in male weightlifters: a cross-sectional cohort study. Biol. Psychiatry
71, 254–261.

Pope Jr, H.G., Wood, R.I., Rogol, A., Nyberg, F., Bowers, L., Bhasin, S., 2013. Adverse
health consequences of performance-enhancing drugs: an Endocrine Society scientific

statement. Endocr. Rev. 35, 341–375.
Reinert, D.F., Allen, J.P., 2002. The alcohol use disorders identification test (AUDIT): a

review of recent research. Alcohol. Clin. Exp. Res. 26, 272–279.
Roth, R.M., Isquith, P.K., Gioia, G.A., 2005. BRIEF-A: Behavior Rating Inventory of

Executive Function–adult Version: Professional Manual. Psychological Assessment
Resources.

Sandanger, I., Moum, T., Ingebrigtsen, G., Dalgard, O., Sørensen, T., Bruusgaard, D.,
1998. Concordance between symptom screening and diagnostic procedure: the
hopkins symptom Checklist-25 and the Composite International Diagnostic Interview
I. Soc. Psychiatry Psychiatr. Epidemiol. 33, 345–354.

Saunders, J.B., Aasland, O.G., Babor, T.F., De la Fuente, J.R., Grant, M., 1993.
Development of the alcohol use disorders identification test (AUDIT): WHO colla-
borative project on early detection of persons with harmful alcohol consumption‐II.
Addict. Biol. 88, 791–804.

Simerly, R., Swanson, L., Chang, C., Muramatsu, M., 1990. Distribution of androgen and
estrogen receptor mRNA‐containing cells in the rat brain: an in situ hybridization
study. J. Comp. Neurol. 294, 76–95.

Verdejo-García, A., Pérez-García, M., 2007. Profile of executive deficits in cocaine and
heroin polysubstance users: common and differential effects on separate executive
components. Psychopharmacology (Berl.) 190, 517–530.

Vogel, S.W., ten Have, M., Bijlenga, D., de Graaf, R., Beekman, A.T., Kooij, J.S., 2018.
Distribution of ADHD symptoms, and associated comorbidity, exposure to risk factors
and disability: results from a general population study. Psychiatry Res. 267, 256–265.

Wallin, K.G., Wood, R.I., 2015. Anabolic–androgenic steroids impair set-shifting and re-
versal learning in male rats. Eur. Neuropsychopharmacol. 25, 583–590.

Warren, M.F., Serby, M.J., Roane, D.M., 2008. The effects of testosterone on cognition in
elderly men: a review. CNS Spectr. 13, 887–897.

Wechsler, D., 1999. Manual for the Wechsler Abbreviated Intelligence Scale (WASI). The
Psychological Corporation, San Antonio, TX.

Willcutt, E.G., Doyle, A.E., Nigg, J.T., Faraone, S.V., Pennington, B.F., 2005. Validity of
the executive function theory of attention-deficit/hyperactivity disorder: a meta-
analytic review. Biol. Psychiatry 57, 1336–1346.

Wood, R.I., 2008. Anabolic–androgenic steroid dependence? Insights from animals and
humans. Front. Neuroendocrinol. 29, 490–506.

L.E. Hauger, et al. Drug and Alcohol Dependence 208 (2020) 107874

8

http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0235
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0240
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0240
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0245
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0245
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0245
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0250
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0250
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0255
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0255
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0255
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0260
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0260
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0265
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0265
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0265
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0270
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0270
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0275
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0275
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0275
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0275
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0280
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0280
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0280
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0285
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0285
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0290
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0290
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0290
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0295
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0295
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0295
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0300
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0300
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0300
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0305
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0305
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0310
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0310
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0310
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0315
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0315
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0315
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0315
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0320
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0320
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0320
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0320
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0325
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0325
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0325
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0330
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0330
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0330
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0335
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0335
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0335
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0340
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0340
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0345
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0345
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0350
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0350
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0355
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0355
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0355
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0360
http://refhub.elsevier.com/S0376-8716(20)30039-9/sbref0360

	Anabolic androgenic steroid dependence is associated with executive dysfunction
	Introduction
	Anabolic androgenic steroids
	Testosterone and cognition
	Executive functions

	Materials and methods
	Participants
	Interview and questionnaires
	Demographics and substance use
	AAS use and dependence
	Executive function in everyday life and ADHD symptoms
	Psychological distress

	Neuropsychological test assessment
	Statistical analysis

	Results
	Demographics and user characteristics
	Neuropsychological test assessment
	Self-report questionnaires
	Executive function in everyday life
	ADHD symptoms
	Psychological distress
	Correlations between self-report and NP tests


	Discussion
	AAS dependents significantly different, as opposed to non-dependents
	Executive functions, behavior and psychological distress
	Executive dysfunction and vulnerability for use and dependence
	Considering executive functions in the context of treatment and rehabilitation
	Limitations
	Conclusion

	Author disclosures
	Contributors
	mk:H1_31
	Acknowledgements
	Supplementary data
	References




