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ARTICLE INFO ABSTRACT

Keywords: Background: The use of Anabolic-Androgenic Steroids (AAS) has been associated with increased aggressiveness
Anabolic steroids and violent behavior. We therefore investigated the proposed correlation between the use of AAS and criminality
D?Piﬂg while controlling for important socio-economics covariates and for psychiatric comorbidity.

Icni‘;’r‘fsonment Methods: The primary endpoints were prison sentences, and time to first prison sentence. A retrospective

matched cohort study design consisting of 545 males, who tested positive for AAS in Danish gyms during the
period January 3, 2006 to January 31, 2017. They were matched with 5450 randomly chosen male controls.
Data were cross-referenced with national register information on education, employment status, substance abuse
and psychiatric comorbidity. In addition, 638 males sanctioned because they rejected to participate in the
doping control and 6380 controls were used as a replication cohort.

Results: Already at baseline, 20.6% of the AAS users had a previous prison sentence whereas the rate was 3.7% in
the control cohort (p < 0.0001). During the follow-up period the cumulative prevalence increased to 29.5% and
4.9%, respectively (unadjusted HR 9.15, 95% CI 6.33-13.20). The associations remained highly significant after
controlling for socio-economic factors, drug abuse and psychiatric comorbidity. The results could be replicated
in a similar cohort.

Conclusion: Our study shows that AAS users have a 9-fold increased risk of being convicted of a crime compared
to matched controls, randomly chosen from the general population. This association could not be explained by
common socioeconomic factors or by psychiatric comorbidity.

1. Introduction

Anabolic-Androgenic Steroids (AAS) are a group of hormones that
include the natural male hormone testosterone and chemically syn-
thesized derivates thereof. These hormones have various degrees of
anabolic and masculinizing properties. Initially, the AASs were devel-
oped for clinical use, e.g. for muscle wasting or hypogonadal diseases
(Shahidi, 2001) but gained quickly popularity as performance-enhan-
cing drugs in sports and have been used systematically as doping in
sports since the 1950s (Franke and Berendonk, 1997).

In the 1980s Western culture became increasingly obsessed with
male muscularity and subsequently, AAS use began to spread from elite
athletics to the general male community (Hartgens and Kuipers, 2004;
Kanayama et al., 2008).

Today, the clear majority of AAS users are recreational exercisers
(Ip etal., 2011; Parkinson and Evans, 2006). Predominantly, it is a male
phenomenon and among males in the Scandinavian countries the pre-
valence of AAS use is estimated to be 1.8-2.9% (Nilsson, 2001;
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Singhammer, 2013).

Use of AAS has been associated with a wide range of health con-
sequences and psychiatric side effects such as increased aggressiveness,
hostility and mood swings (Hall et al., 2005; Horwitz et al., 2018; Klotz
et al., 2010). Further, an association between use of AAS and increased
criminality has been suggested as a consequence of the increase in
aggressive and hostile behavior. In a retrospective cohort study of 241
individuals, who were tested positive for AAS, Klotz and colleagues
found that the risk of being convicted for weapon offences or fraud was
higher among AAS users compared to the negative controls (n = 1199)
(Klotz et al., 2006). Data from a minor, well-conducted Swedish study
support the suggested association between crime and AAS use. The
authors examined data from - and interviewed 36 individuals who
sought help at a psychiatric addiction clinic due to suspected AAS ad-
verse effects. They found that criminal activity, especially violent
crimes and weapons offences, increased for almost 70% of the in-
dividuals after having started drug use, and in particular for in-
dividuals, who started the drug abuse with AAS (Skarberg et al., 2010).
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Thus, the results from the studies above indicate an association. How-
ever, due to methodological challenges, i.e. the risk of misclassification
bias and absence of a control group, respectively, the findings must be
interpreted with caution. Further, the association is poorly examined in
the Danish population.

We therefore set out to investigate the proposed correlation between
crime and AAS use in a larger cohort of AAS users and controls in
Denmark. Secondly, we aimed to investigate whether an association
between criminal behavior and AAS use could be explained by socio-
economic factors such as education, employment, substance abuse or by
psychiatric comorbidity.

2. Materials and methods
2.1. Primary endpoint

The primary endpoints of this study were incident (de novo) cases of
prison sentences, and time to first prison sentence.

2.2. Study design

We used a retrospective matched cohort study design and compared
the incidence and prevalence of prison sentences among AAS users with
that of matched controls from the general Danish population.

2.3. Cohort

2.3.1. The antidoping program

Over the last decade, Anti Doping Denmark has been engaged in a
collective preventative response to doping among recreational athletes.
In 2006 they established a collaboration with Danish commercial gyms
and fitness centres to initiate a doping control program. The legal basis
of this collaboration is formulated in the document “The initiative on
integrity in sports” (Ministry of Education and Culture, 2015).

Today, Anti Doping Denmark conducts 1000 inspections annually in
342 collaborating gyms across Denmark, covering approximately 80%
of all Danish gym members. The doping controls have primarily been
targeted at persons visually suspected of AAS use, i.e. muscular men and
women who engage in weightlifting. If the persons were tested positive
for AAS or if they declined to provide a urine sample for testing, they
would receive a doping sanction, resulting in a two-year suspension of
membership of all of the collaborating gym (Horwitz et al., 2018).

2.3.2. AAS-user cohort

During the period from January 3, 2006 to March 18, 2018 1219
individuals received a doping sanction. Only 19 females were sanc-
tioned during the period, and hence we have chosen to restrict our
further analysis to males. Of these 1200 males, 1189 were Danish ci-
tizens and were included in this study. Of these 1189 persons, 545 were
sanctioned because AAS traces were found in the urine sample pro-
vided, and their data are the primary focus of this study. All 545 were
sanctioned before December 31, 2017.

2.3.3. Control cohort

As previously described (6) we randomly selected a control cohort
consisting of ten controls from the general population per AAS user,
matched by age, gender and date.

2.4. Registries, endpoints, and confounders

All Danish residents are assigned a unique personal identification
number (CPR-number), which is used in all national registers and in all
contacts with the health care system and the state (Pedersen, 2011). We
linked the study subjects’ CPR-numbers with the Danish Civil Regis-
tration System, the Danish Central Crime Register, the DREAM data-
base, The Danish National Registry of Patients, and The Danish
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Psychiatric Central Research Registry. Subjects were followed until
December 31, 2017 or when they deceased or migrated from Denmark.
Below is a description of the applied registries and how we defined our
covariates and endpoints.

2.4.1. Civil registration

The Danish Civil Register System keeps records of current and his-
torical information on all residents living in Denmark. The information
includes gender, vital status, place and date of birth, place of residence,
date of emigration, immigration or disappearance, and information
about parents, siblings, spouses and for women information about
children (Pedersen, 2011).

2.4.2. Prison sentences

The Danish Central Crime Register has information about all sen-
tences in Denmark since 1978 (Greve et al., 2006). We retrieved data on
prison sentences related to this cohort during the period from January
1, 1995 until December 31, 2017. The different types of crimes were
divided into six categories according to the guidelines of Statistics
Denmark (Statistics Denmark, 2018): (i) prison sentences due to vio-
lation of the law on road traffic; (ii) drug related crimes; (iii) violation
of the weapon law; (iv) crimes of violence; (v) property crime: rubbery,
burglary, theft, and fraud (vi) and finally sentences which did not fit in
to the aforementioned categories were categorized as “Other”. Origin-
ally, we also planned to investigate the prevalence of sexual crime, but
due to few observations this category had to be omitted, and thus coded
as “Other”.

2.4.3. Employment status

The DREAM database was established in 1991 and covers in-
formation on all Danish residents, who have received social benefits
(transfer income) and further it covers data on employment status. Data
are updated weekly (Due Madsen and Sgrensen, 2018). The employ-
ment status at baseline was divided into four categories: self-supporting
(working), short-term sickness (sickness benefits), long-term sickness or
disability (including disability pension, Flex-jobs (long-term disabled
with partial working capacity)), unemployment benefits (social security
benefits).

2.4.4. Drug abuse and psychiatric comorbidity

The Danish National Register of Patients and The Danish Psychiatric
Central Research Registry contain information on all somatic and psy-
chiatric hospital contacts in Demark (Lynge et al., 2011; Mors et al.,
2011). We used diagnoses of poisoning by narcotics (ICD-10:
T40 + T43) or mental disorders related to the use of psychoactive
substance (ICD-10:F1) up to ten year prior to baseline as a proxy for
drug abuse (World Health Organization, 2010). Furthermore, we
grouped disorders within ICD-10 group F, except F1, as other psy-
chiatric diagnoses.

2.4.5. Education

Information about the highest attained level of education of all
subjects was retrieved from Statistics Denmark based on data from the
Danish Education Registers (Jensen and Rasmussen, 2011). Level of
education at baseline was divided into four groups based on length of
education: (i) 10 years or less, (ii) 10-12 years, (iii) 12-15 years, or (iv)
15 years.

2.4.6. Origin

Statistics Denmark also holds information on country of origin and
have defined following three categories: (i) Persons of Danish origin,
(ii) immigrants, and (iii) descendants of immigrants. According to
Statistics Denmark an immigrant is a person born outside Denmark,
where none of the parents were of Danish origin. Descendants of im-
migrants are defined as persons born in Denmark, where none of the
parents had a Danish citizenship. Thus, a child of immigrants where one
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of the parents had received a Danish citizenship is regarded as a person
of Danish origin (Statistics Denmark, 2019).

2.5. Statistics

We used ordinary test statistics as applicable. Thus, we employed
the t-test for normally distributed continuous variables, and for cate-
gorical variables we used a chi-square table test.

2.5.1. Time to event analysis

Data interpretation was primarily based on the incident cases, since
we argue that these figures have the highest probability of reflecting the
causal relationship. Therefore, we used time to event analysis.

2.5.2. Univariable model

We used the Kaplan-Meier estimator to calculate and visualize time
to first prison sentence, and in order to obtain hazard ratios we used a
Cox proportional hazard regression model. We ignored death as a
competing risk, due to the few incident cases of death (Horwitz et al.,
2018). Observation time was calculated from index date (i.e. date of
doping sanction and date of enrolment for the controls) and until time
of first prison sentence or death/migration. Persons were left censored
if they had a prison sentence at baseline.

In the same manner we analyzed the risk of conviction within the
different domains of crime. Persons were left censored if they had a
prison sentence within that domain at baseline.

Furthermore, we tabulated cumulative prevalence of prison sen-
tences at baseline and end of follow-up and compared the two groups
with a chi square table test.

2.5.3. Multivariable model

We also used a Cox proportional hazards regression model to adjust
for the following confounders: Age, origin, employment status, educa-
tion, drug abuse, and psychiatric diagnoses. Persons were left censored
if they had a prison sentence at baseline.

As the extent of missing data for the AAS - and control cohort was
limited, we did not impute data.

2.5.4. Missing data

Missing data were rare, see Table 1. Thus, a complete dataset could
be gathered for 94.6% of the control cohort, and 96.5% of the AAS user
cohort. The primary reason for missing data were related to missing
information on education and this was primarily a problem for in-
dividuals categorized as “immigrants”. See Supplementary material.

2.5.5. Sensitivity analysis

To investigate the validity of our estimates we ran the same analyses
in the replication cohort. Since missing values were primarily related to
individuals categorized as immigrants, we also conducted the multi-
variable analysis for individuals characterized as being of Danish origin.

2.5.6. Replication cohort

Of the 644 males who were sanctioned because they declined to
deliver a urine sample, 638 received their doping sanction before
December 31, 2017, and they were included in the replication cohort.
There is a substantial suspicion the persons were using AAS, since they
were informed that refusing to participate in the doping control would
lead to a doping sanction, and secondly we have previously shown that
they present the same prevalence of adverse effects as the AAS positive
(Horwitz et al., 2018). The results from the replication cohort are
presented in supplementary material”.

All statistics were calculated in SAS 9.4, and all hazard ratios are
presented with 95% confidence intervals.

94

Drug and Alcohol Dependence 203 (2019) 92-97

Table 1
Baseline characteristics.
AAS user Control P Value
(n = 545) (n = 5450)
Age/years Mean/SD  26.19 (6.31) 26.19 (6.34)
Length of education Mean/SD  135.18 142.86 < 0.0001*
in months (24.76) (28.76)
Education groups 2.20 5.05
missing %
10 years or less % 48.81 35.50 < 0.0001°
10 to 12 years % 9.91 21.98
12 to 15 years % 36.51 24.64
15 years or more % 2.57 12.83
Country of origin 85.50 84.31 0.22"
Danish %
Immigrant % 10.64 12.70
Descendant of % 3.85 2.99
immigrants
Occupational status 1.65 1.05
missing %
self supporting % 78.90 85.89 < 0.0001"”
sick leave- % 2.39 1.69
temporarily
Disability benefits % 2.20 2.33
Unemployed % 14.86 9.05
previous prison % 20.55 3.65 < 0.0001°
sentence
A diagnosis of drug % 10.28 4.92 < 0.0001"
abuse
Other psychiatric % 9.72 7.63 0.08"
diagnoses
Complete data % 96.51 94.64 0.06"

2 P value obtained from two-sample t-test.
b P value obtained from ordinary chi square table test.

2.6. Ethics

The present study was approved by the Danish National Board of
Health (FSEID-00003570), and the Danish Data Protection Agency
(2012-58-0004/BFH-2017-105/05949). Further, the study has an ap-
proval from Statistics Denmark (dstfse-706925). Retrospective register
studies do not require ethical permission in Denmark. Our findings are
reported in accordance with the STROBE criteria (von Elm et al., 2007).

3. Results
3.1. Basic characteristics

We included 545 AAS doping sanctioned males (the AAS cohort)
and compared them with 5450 matched male controls. The average age
at time of the doping sanction was 26.2 years (SD 6.3 years), and age at
enrolment in the control cohort was equivalent (26.2 years with SD 6.3
years). Their baseline characteristics are shown in Table 1. In general,
AAS users had a shorter length of education, a higher percentage were
living on social benefits, and they were more likely to have a diagnosis
of drug abuse, but other psychiatric diagnoses were comparable to that
of healthy peers.

The Danish Registry of Crime was updated up until December 31,
2017, and we therefore discontinued follow-up at that date. Thus, the
follow-up period was 7.1 years (SD 2.9) in average in the AAS cohort,
and 7.0 (SD 3.0) in the control cohort (p = 0.52).

3.2. Crime

The use of AAS was strongly associated with criminal behavior, and
during the period 1995-2018, 161 AAS users had served prison time
due to 481 law offences. The reasons for imprisonment are found in
Table 2.

Already at baseline (i.e. time of doping sanction) 20.6% of the AAS
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the risk of imprisonment

percentage

years from positive test/enrollment as control

— —— Control with no previous prison sentence run

Fig. 1. Time to prison sentence.

AAS user with no previous prison sentence

Fig. 1 shows that AAS use is a strong risk factor for imprisonment. Hazard ratio 9.15 (6.33-13.2).

who test negative from the same weightlifting milieu, there is a great
risk of having unidentified AAS users, who are temporarily in an off-
cycle, in the comparison group. Finally, if the AAS users are compared
to a random selection of controls, there is a potential risk of un-
measured confounders. Ideally, the control cohort in an observational
study would consist of individuals from the weightlifting milieu who
repeatedly were tested negative for AAS use and at the same time were
matched on age, educational length, occupational status, origin etc.
However, such comparison group is indeed very difficult to establish.

AAS cross the blood-brain barrier and are expected to have certain
CNS effects (Bjornebekk et al., 2017). Su et al. investigated the short-
term effects of AAS on mood and behavior in 20 healthy volunteers, and
reported that high doses of AAS increased self-confidence, forgetful-
ness, distractibility, mood swings, and violent feelings (Su et al., 1993).
Chronic use of AAS has been associated with amygdala enlargement,
elevated glutamate-glutamine levels and a poorer visuospatial cognitive
function (Carrillo et al., 2009; Kaufman et al., 2015). Bjgrnebekk and
colleagues compared the brains of AAS -using and clean weightlifters
with magnetic resonance imaging and found that AAS use was asso-
ciated cortical thinning (Bjornebekk et al., 2017). These neural altera-
tions might explain the impaired impulse control, extreme mood swings
and increased aggressiveness that have been associated with AAS use
(Kouri et al., 1995; Perry et al., 2003). Occasionally, this aggressiveness
and impaired impulse control may trigger violent behavior in certain
individuals (Klotz et al., 2010; Lundholm et al., 2015; Thiblin and
Pérlklo, 2002). Our results support the above, as our AAS positive co-
hort had an 8-fold higher risk of being convicted for violent crimes
compared to the control cohort.

The finding that AAS abuse and risk-taking behavior is associated
with crime is probably not all that surprising, although previous re-
search on the issue has been conflicting. As previously mentioned, K16tz
et al. (KIotz et al,, 2006) conducted a register-based study on in-
dividuals referred to the Swedish Doping Laboratory. They compared
241 subjects who tested positive for AAS with 1,199 subjects who tested
negative and reported that the conviction rate for weapons offences or
fraud was higher in the AAS positive group. In contrast, they did not
find a significant difference regarding violent crimes or crimes against
property. However, as the authors states, the study findings must be
interpreted with some reservations as some misclassification was likely
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to have occurred, due to the probability of unidentified AAS users in the
AAS-negative control group, as well as a risk of selection bias since most
of the study subjects were referred from other medical centers, in-
cluding drug abuse centers.

A recent large Swedish cross-sectional register study of 10,365 male
twins (Lundholm et al., 2015) reports a strong association between self-
reported AAS use and conviction of a violent crime, which, however,
lost statistical power when adjusting for other drug abuse. However, as
the non-responders (40%) more often were male, criminally convicted,
treated for psychiatric conditions and less educated, underestimation of
the true association might have occurred. Further, misclassification due
to self-report data is likely.

Beaver and co-workers examined the association between AAS use
and violent delinquency in a nationally representative survey of US
adolescents and found that the self-reported AAS users reported a small
but significant greater involvement in serious violent behavior. An as-
sociation that remained significant after adjusting for polysubstance use
and previous violent behavior (Beaver et al., 2008).

4.1. Strength and limitations

The main weakness of the present study is the observational design.
Some misclassification cannot be excluded because the control cohort
might include unidentified AAS users. We do not know the exact pre-
valence of AAS use in Denmark but based on the literature 1.8-2.9 % of
the general male population have used AAS (Nilsson, 2001;
Singhammer, 2013). This would lead to a minor underestimation of the
risk of prison sentences related to AAS use. Conversely, some AAS users
may not have been captured by the doping controls as the individual
inspected could be in an off-cycle period and thus tested negative and
further, some AAS users may not have the bodybuilder physique and
hence not been a target for doping control.

Other limitations need considerations. First, we cannot exclude that
unaccounted confounders to some extent explain the results. We had
access to important covariates such as educational length, occupational
status, origin and psychiatric diagnoses and after adjusting for these the
associations remained strong and highly significant. The registries
contain limited information on more personal habits, such as recrea-
tional drug abuse. Furthermore, psychiatric disorders are still taboo
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subjects, and patients may be reluctant to seek help. This will affect our
confounder control for psychiatric co-morbidity and substance abuse.
The control cohort may differ from the AAS cohort in other aspects than
the above mentioned, since our AAS-user cohort all attended com-
mercial gyms or fitness centers, whereas the control cohort represent
the general male population in Denmark. However, as previously dis-
cussed the selected matched control cohort is assessed to pose the best
available comparator. Finally, we had no information on the duration of
AAS exposure, which left us unable to draw conclusions about dose-
response relationship.

A main strength is national design; our cohort is obtained from
Danish fitness centers all over Denmark, whereas most comparable
study samples are drawn from the prison or healthcare system, which
we believe reduce selection bias and increase generalizability.
Furthermore, recall bias is eliminated since information was recorded
prospectively and not based on questionnaires or interviews. Finally,
our replication analysis shows that our associations are reliable and
robust.

5. Conclusions

Our study shows that AAS users have a 9-fold higher risk of being
convicted of a crime compared to matched controls, randomly chosen
in the general population. This association was confirmed in a re-
plication cohort and could furthermore not be explained by common
socioeconomic factors or psychiatric comorbidity. Whether AAS use
causes this anti-social behavior or it is a symptom of such still has to be
determined.
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