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ABSTRACT

Introduction The use of androgenic anabolic steroids
(AASs) among recreational athletes is steadily increasing.
However, knowledge regarding the potentially harmful
effects of AAS primarily originates from case reports and
small observational studies. This large-scale study aims
to investigate the impact of AAS use on vascular plaque
formation, preclinical coronary disease, cardiac function,
circulating cardiovascular risk markers, quality of life (QoL)
and mental health in a broad population of illicit AAS users.
Methods and analyses A nationwide cross-sectional
cohort study including a diverse population of men and
women aged >18 years, with current or previous illicit
AAS use for at least 3 months. Conducted at Odense
University Hospital, Denmark, the study comprises

two parts. In part A (the pilot study), 120 recreational
athletes with an AAS history will be compared with

a sex-matched and age-matched control population

of 60 recreational athletes with no previous AAS use.
Cardiovascular outcomes include examination of non-
calcified coronary plaque volume and calcium score
using coronary CT angiography, myocardial structure and
function via echocardiography, and assessing carotid
and femoral artery plaques using ultrasonography.
Retinal microvascular status is evaluated through fundus
photography. Cardiovascular risk markers are measured
in blood. Mental health outcomes include health-related
QoL, interpersonal difficulties, body image concerns,
aggression dimensions, anxiety symptoms, depressive
severity and cognitive function assessed through validated
questionnaires. The findings of our comprehensive study
will be used to compose a less intensive investigatory
cohort study of cardiovascular and mental health (part

B) involving a larger group of recreational athletes with a
history of illicit AAS use.

Ethics and dissemination The study received approval
from the Regional Committee on Health Research Ethics
for Southern Denmark (S-20210078) and the Danish

Data Protection Agency (21/28259). All participants will
provide signed informed consent. Research outcomes

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The current research project evaluates cardiovascu-
lar health in both male and female recreational ath-
letes with a self-reported illicit androgenic anabolic
steroids (AASs) intake of at least 3 months.

= The study will offer participants an extensive health
examination and provide important descriptive data
regarding AAS history, as well as information on
self-reported somatic and psychological health sta-
tus through questionnaires.

= Our findings may help to develop optimal investiga-
tory screening programmes for a larger cohort study
of recreational athletes with a history of illicit AAS
use (part B).

= We aim to include a broad spectrum of recreation-
al athletes with a history of AAS use, but our study
participants may not be representative of all recre-
ational athletes using AAS.

= Some of our data are subject to bias, including the
self-reported information on AAS use, such as type
and length of steroid intake, dosage and the admin-
istration forms. Furthermore, training routines and

the intake of so-called recreational drugs may vary.

will be disseminated through peer-reviewed journals and
scientific conferences.
Trial registration number NCT05178537.

INTRODUCTION

Androgenic anabolic steroid (AAS) is the
common denominator of testosterone and its
synthetic derivates, and this group of drugs
has received growing awareness because of its
widespread and increasing use among recre-
ational athletes." Thus, a Danish report from
2010 estimated the prevalence of AAS using
recreational athletes to 44 000, equivalent to
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0.8% of the total Danish population. This estimate corre-
sponds well with reports from other countries.” Although
there is a clear sex difference in the prevalence of illicit
AAS use, with men constituting the majority of users, it is
estimated that an escalating number of women are also
using these substances.! > However, specific health data
concerning these women remain unavailable.

The illicit use of AAS may develop into an overt drug
dependence. Thus, it has been reported that 30%—-40%
of AAS using subjects after cessation have to resume
their illicit intake of AAS due to severe withdrawal symp-
toms, thereby developing a chronic AAS dependence
syndrome.* This long-term exposure to AAS may lead to
serious adverse health effects that often appear in middle
age.*”

Indeed, the mortality among recreational athletes using
AAS is 6-20 fold higher than that of athletes not using
AAS, and almost one-third of the deaths can be attributed
to cardiovascular disease.® In accordance with this, a
recent Danish register study reported that the mortality
and incidence of non-ischaemic heart disease were three
times higher in AAS users compared with the background
population.” These findings are worrying and indicate
that the adverse health effects of AAS remain greatly
underappreciated.”

Originally, the association between AAS and myocar-
dial infarction was based on case reports and small obser-
vational studies of male AAS users, but within the last
decades, studies that substantiate the association have
emerged.” ™" In 2006, a crosssectional study including
14 AAS using male bodybuilders with a mean age of
39 years showed that 50% of the participants had coro-
nary atherosclerosis and a significantly increased coro-
nary calcium score (Agatston score).'* The expected
number in this age group would have been 3 according
to population studies.” Similar findings were made in a
coronary CT angiography (CCTA) study of young male
subjects (23—43 years), where 24% of the AAS users had
significant coronary atherosclerosis compared with none
among non-AAS-using subjects.'® In one of the largest
studies available, comprising 86 male weightlifters (34-54
years) with 22 years of cumulative lifetime AAS use and
54 non-ASS using weightlifters, AAS users demonstrated
higher coronary artery plaque volume than non-users,
being associated with the cumulative lifetime duration
of AAS intake.'” Lastly, a CCTA-based study conducted in
2021 in Norway showed that coronary atherosclerosis was
present in seven out of 41 male AAS users (17%) with
a mean age of 33 years."® Thus, there is ample evidence
that an intake of AAS is associated with premature athero-
sclerosis. As opposed to the coronary arteries, there are
virtually no data describing carotid and femoral vascular
plaque formation in male or female recreational athletes
with an illicit AAS user. Ultrasound of carotid and femoral
vessels may be useful for identifying subjects at risk of
cardiovascular events,19 20 and therefore, we believe it is
worth examining whether ultrasound can provide useful
information regarding macrovascular disease in both

male and female AAS users. Interestingly, two small case
studies demonstrated a possible association between AAS
use and retinal vascular occlusion®' ** in male AAS using
bodybuilders, indicating that AAS use may also involve
smaller vessels. Finally, there are no available data on
atherosclerotic disease in female AAS users.

In addition to proatherosclerotic effects, there is
comprehensive evidence demonstrating that illicit AAS
use induces myocardial changes, leading to impaired
systolic and diastolic function'” ™ in males. Autop-
sies” ! and studies using echocardiography®>***%* and
cardiac MRI* ** have identified a potential AAS-related
cardiomyopathy characterised by left ventricular (LV)
remodelling or hypertrophy with increased relative wall
thickness and/or total ventricular mass,17 1824 26 33 34
potential increase of heart chamber dimensions,'” #*
evident changes of ventricular relaxation and diastolic
function,'”?”* a reduced LV systolic function'” 124203334
and possibly a greater prevalence of cardiac fibrosis.” *°

Finally, there appears to be an association between long-
term illicit AAS and mental health problems.** Studies
report that both male and female AAS users show symp-
toms of muscle dysmorphia,™ anxiety and depression,”*’
and lower self-esteem.’*® In addition, an illicit AAS use
has been linked to an increased prevalence of psycho-
pathic traits,” * sexual and substance use risk-taking
behaviours®* and anger problems,*” when compared with
non-users.*' * Unfortunately, AAS discontinuation does
not necessarily lead to a fast recovery. Many illicit AAS
users—especially males—complain about severe fatigue
and depression after discontinuation, and the weakened
mental health may persist for as long as 2-3 years after
AAS discontinuation, and in some cases becomes perma-
nent.” Accumulating evidence suggests that the biological
effects of AASs on emotional and cognitive brain regions
may contribute to violent and criminal behaviours, but
there is still limited knowledge regarding premorbid
psychopathology in AAS users.”” Our data obtained
through validated questionnaires will deliver important
information on mental health status in individuals with
short and long-term AAS abuse.

As most data originate from selected groups of strength
athletes and weightlifters, it remains to be elucidated
whether findings are representative of the general popula-
tion of recreational athletes illicitly using AAS. Moreover,
no cardiovascular data on female AAS users exist. There-
fore, we found it timely to conduct a large-scale study
with the aim to increase knowledge regarding the cardio-
vascular and mental health status in the broad popula-
tion of both male and female recreational athletes and
to develop a relevant screening programme which could
possibly be employed in other AAS-using populations.

Aim

The aim of our study is to investigate the associations
between AAS use and various health outcomes within
an expanding population of illicit AAS users, encom-
passing not only strength trainers and weightlifters, but
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also a variety of recreational athletes engaged in different
forms of physical activity. This population encompasses
individuals with different fitness objectives and motiva-
tions, varying demographic profiles and distinct social
backgrounds, who have engaged in an illicit AAS use for
a minimum of 3 months. Our hypothesis posits that the
dose and duration of AAS use are linked to an elevated
risk of preclinical cardiovascular diseases, including the
development of carotid and femoral plaques, preclinical
coronary disease, myocardial dysfunction and alterations
in retinal microvasculature. Additionally, we hypothesise
that AAS users will exhibit lower health-related quality of
life (QoL), increased interpersonal difficulties, elevated
body image concerns, aggression tendencies and a higher
prevalence of anxiety, depression and cognitive alter-
ations compared with a control population.

METHODS AND ANALYSIS

Study population and recruitment

Our primary focus is to thoroughly investigate a diverse
and heterogeneous population of recreational athletes
engaging in AAS use, considering a range of motiva-
tions that may include various AAS use patterns, training
objectives, exercise regimens and differences in mental
well-being among participants. The inclusivity of this
study is underscored by the deliberate decision to estab-
lish a minimum requirement of 3 months of illicit AAS
use, without specifying a particular minimum weekly
androgen dose.

Before recruitment, we sought the input of three long-
term AAS users on research relevance, recruitment strat-
egies and outcomes, incorporating their insights into
the ethical committee application. The application was
subsequently reviewed and approved by the local ethical
committee (S-2021007).

To promote the project, we engaged notable recre-
ational athletes with significant digital influence on plat-
forms such as Facebook and Instagram. Our recruitment
efforts involve targeted announcements, social media
posts, flyers, advertisements and posters in training
centres. Potential interested participants receive detailed
information through email and telephone correspon-
dence. All participants are enrolled following informed
written and oral consent.

We will then meticulously pair AAS users with a healthy
group of recreational athletes without any history of AAS
use, ensuring individuals have similar sex and age demo-
graphics. To ensure the control group accurately reflects a
healthy general population, we have set an inclusion crite-
rion for control subjects to engage in strength training at
a minimum frequency of twice a week. Control subjects
are recruited through similar methods as AAS users,
using posters, flyers and social media announcements.
We are not performing hair analyses, but we indirectly
confirm the current non-use through the measurement
of FSH, LH and testosterone levels. In addition, we will

add measurements of androgen-related substances in the
urine to validate our cohort.

Study design

We will conduct a nationwide cross-sectional cohort study
originating from Odense University Hospital, Denmark,
with the primary objective of establishing the groundwork
for a larger prospective observational cohort study, the
Fitness Doping in Denmark study (part B). Study part A
includes 120 current and former AAS users, and 60 phys-
ically active strength training control subjects matched
for sex and age. Due to uncertainties regarding the age,
sex and duration of AAS use among the participants, the
research project begins with an exploratory pilot study.
Additionally, we aim to determine the detectability of
plaque in the targeted population to assess the feasibility
of conducting specific plaque examinations. It enables us
to refine and adjust our research questions and methods,
including cardiovascular examinations and question-
naires, based on early findings. This approach ensures
that our methods are precisely tailored to capture various
health outcomes within a diverse population of AAS users.
Additionally, this phase facilitates the collection of crucial
data for power calculations, helps assess the feasibility of
recruiting a sufficient number of participants and eval-
uates the financial, technical, administrative and logistic
aspects of conducting the full-scale study (part B).

After the initial screening process via email and tele-
phone calls, eligible participants will be invited to partake
in a comprehensive 3-hour examination programme
(part A) at the outpatient clinic of the Department of
Cardiology at Odense University Hospital.

On arrival, we will conductscreening of urine, and blood
samples for testosterone, follicle-stimulating hormone
(FSH), luteinizing hormone (LH) and oestradiol. After
having finalised the pilot study, urine samples will be
dispatched to a World Anti-Doping Agency (WADA)-
accredited laboratory for the analysis of steroid metabo-
lites (Cologne, Germany). Subsequently, participants will
be interviewed regarding their medical history, encom-
passing chronic diseases, allergies, prescribed medication
usage, supplement intake, alcohol and tobacco consump-
tion, drug use, dietary habits, physical activity routines
and socioeconomic status.

Following this, participants will be required to provide
a detailed and structured account of their fitness training
history. We will incorporate an assessment of all partic-
ipants’ weekly exercise intensity and volume using
questionnaires. This will allow us to gather detailed infor-
mation on both strength training and endurance training
patterns for both illicit AAS users and controls. In addi-
tion, we have added information on their personal record
as regards bench press (in kilogram), as this measure is
often used as a strength indicator. To obtain a present
objective measurement of strength, we also determine
handgrip strength (HGS) as quantified using the Jamar
Hand Dynamometer.
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As regards experiences with AAS, we aim to collect
details on current or past AAS use, intervals between
intake, types of AAS, dosage, duration of use, age of onset
of AAS use, maximum weekly dose of AAS and cumulative
lifetime use of AAS. Participants also be queried about the
possible illicit intake of other performance-enhancing
drugs, such as human growth hormone and selective
oestrogen receptor modulators, as well as recreational
drugs like cocaine, hash, ecstasy, gamma-hydroxybutyrate
(fantasy), heroin, lysergic acid diethylamide (LSD) or any
others. This information will be collected through struc-
tured questionnaires. Furthermore, participants undergo
inquiries related to various psychometric measures,
encompassing the assessment of psychiatric diseases,
health-related QoL, mental aggression, self-perception
and cognitive function. Subsequently, measurements of
height, weight, waist and hip circumferences, and calcu-
lation of body mass index (BMI, kg/m?) will be recorded.
Body composition will be determined using bioelectrical
impedance spectroscopy apparatus (SOZO).

The pilot study (part A) includes a comprehensive
cardiac investigation programme featuring cardiac CT
scans with and without contrast, along with echocardi-
ography. This decision is based on the well-documented
association between illicit AAS use and coronary athero-
sclerosis.'™"® The primary endpoints are the presence of
femoral and coronary plaques as estimated by ultrasound,
whereas secondary endpoints include coronary artery
status as determined by cardiac CT scan with contrast (ie,
NCP volume) and without contrast (Agatston score).

Asubsequentlarger study (part B) includes participants,
who will undergo a targeted examination programme
with the most sensitive and applicable cardiovascular
examinations (selected among those in the pilot study,
that is, CCTA with or without contrast, echocardiography,
ultrasonography or retinal fundus photo), together with
circulating cardiovascular risk markers, body compo-
sition and questionnaires assessing mental status and
QoL (figure 1). In addition, we collect urine samples
and serum/plasma for biobanking (table 1). Illicit AAS
users meet the same eligibility criteria as for study part A,
and inclusion of AAS users started as soon as data from
study part A were evaluated by the authors. Participant
recruitment commenced in November 2021. Data collec-
tion for part A has been concluded in March 2023. Data
analysis and evaluation were finalised in the autumn of
2023, and a new programme for part B was established.
The commencement of part B is anticipated in Q1, 2024,
with the entire study projected to conclude by the end of
2025 (figure 2).

Patient and public involvement

Before writing the protocol, we discussed the project and
outcome parameters with three long-term AAS users, who
provided feedback on the project before its submission to
the local ethics committee. All enrolled participants will
receive detailed information about their participation.
Individuals within the AAS user community who have
significant digital platforms (eg, Facebook and Insta-
gram) have been contacted and given comprehensive

Cross-sectional cohort study as a part of the Fitness Doping in Denmark (FIDO-DK) study

Part A (cross-sectional pilot study)

Coronary status
Cardiac structure and function
Vascular plaque presence
Retinal vascular status
Cardiovascular risk markers

Urine samples

Hand grip strength

Body proportions

Quality of life and mental aggression

AAS users (n = 120)

Coronary status
Cardiac structure and function
Vascular plaque presence
Retinal vascular status
Cardiovascular risk markers

Urine samples

Hand grip strength

Body proportions

Quality of life and mental aggression

Controls (n = 60)

Figure 1 Study design. AAS, androgenic anabolic steroid.

Part B (longitudinal cohort study)

(Coronary status)

(Cardiac structure and function)
(Vascular plague presence)
(Retinal vascular status)
Cardiovascular risk markers
Urine samples
Hand grip strength
Body proportions
Quality of life and mental aggression

AAS users (n = 300)
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Table 1 Study outcomes
Pilot Subsequent
study cohort study
Investigations (part A) (part B)
Non-contrast coronary CT X X)
Coronary CT angiography X X)
Echocardiography X X)
Ultrasound of the carotid and X (X)
femoral arteries
Retinal fundus photo X (X)
Grip strength measurement X X
Bioelectrical impedance X X
Blood samples—immediate X X
analyses+later analyses
Clinical examination X X
Medical history and X X
socioeconomic status
Questionnaires X X

Our study aims to explore cardiovascular and mental health in
Danish recreational athletes with a history of AAS use. Part A
involves 120 AAS users and 60 non-users for comparison. Part
B, a larger cohort study, will be based on part A findings, with
examinations focused on those providing the most value. The
inclusion of certain examinations in part B depends on part A
results.

AAS, androgenic anabolic steroid.

information about the project. Some of these individuals
have also contributed insights regarding the research’s
relevance, recruitment strategies, expected outcomes and
have assisted in promoting the project.

Endpoints
The initial pilot study (part a) will contain the following
endpoints.

Primary endpoint
» Carotid and femoral artery plaque development as
determined by ultrasound.

Secondary endpoints
» Calcium score (Agatston score) as determined by
CCTA without contrast.

Participant recruitment
(ongoing)

Data collection

Study start (part A) Study end (part A)

. l

» Non-calcified plaque volume (NCPV) assessed via

CCTA with contrast.

Myocardial structure and function evaluated through

echocardiography.

Retinal microvascular alterations.

Hand grip strength.

Body composition.

Serum levels of sex hormones and steroids.

Circulating cardiovascular risk and inflammation

markers.

Questionnaires including somatic and psychological

health status and QoL.
Additionally, body composition, serum levels of sex
hormones and steroids, circulating cardiovascular risk
markers and questionnaires will account for the secondary
endpoints (figure 1). We will conduct separate analyses
for men and women, acknowledging the observed varia-
tions in AAS doses between sexes. This strategic approach
is undertaken to explore and ascertain whether men and
women experience similar risks and consequences asso-
ciated with AAS use, providing a nuanced understanding
of potential sex-specific effects. In the later stages of the
analyses, we will also conduct a detailed examination of
various subgroups within the population. This will include
an investigation into long-term users, exploring correla-
tions between extended AAS use and various endpoints.
Additionally, subsequent sensitivity analyses will encom-
pass risk factors such as age, BMI, family history of coro-
nary disease, smoking status, substance abuse and levels
of physical activity.

VVvyYVYyYyvVyYy

v

Outcomes
An overview of outcomes distributed between the two
study parts is outlined in table 1.

All investigations as a part of the pilot study (part A) are
performed during one single visit at Odense University
Hospital, Denmark.

Coronary CT angiography

CCTA (using Siemens Force CT scanner) is conducted
during the visit at Odense University Hospital to
examine the presence of coronary atherosclerotic
plaques (figure 3). Both NCPV and calcified plaques
may be detected by the angiography43 in combination
with a semiautomatic computer programme.** Scanning

Data analysis (part A) Data collection

Study start (part B) Study end (part B)

l i

Starting point End point
November 2021 March 2022 March 2023 September 2023 March 2024 September 2025

Figure 2 Study time line.
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Figure 3 The figure displays a coronary CT angiography. A
semiautomatic programme detects non-calcified coronary
plaque. CX, circumflex artery; D, diagonal branch of LAD;
LAD, left anterior descending artery; LMCA, left main
coronary artery; RCA, right coronary artery.

protocol depends on the heart rate. In patients with a
stable heart rate above 60 beats per minute (BPM), intra-
venously B-blocker is administered until the heart rate is
appropriate (if possible below 60 BPM), and a prospec-
tively gated end-diastolic scan is used. In patients with
a heart rate >70BPM despite B-blocker pretreatment or
in case of an irregular heart rhythm, a prospective scan
250-400ms after the QRS complex is performed. Addi-
tionally, sublingual nitrates are administered prior to the
scan. Drugs such as B-blockers and nitrates are adminis-
trated in accordance with daily clinical practice. Expe-
rienced cardiologists perform data analyses of NCPs,
calcium score/stenosis and pericardial fat using a semiau-
tomatic programme (figure 4).

Echocardiography

A comprehensive transthoracic echocardiography
(GE Vivid E95) is performed by a medical doctor. The
recordings are stored digitally for blinded analysis. The
following are included, namely: size and dimensions of
left ventricle, LV and right ventricular (RV) systolic func-
tion, LV diastolic function and heart valve function. LV
and RV systolic function are measured using global longi-
tudinal strain (GLS) analyses, and Simpson’s biplane
method of disks is used specifically for assessing left
ventricular ejection fraction (LVEF). Diastolic function
is assessed by peak mitral inflow velocity (E), early LV
relaxation velocity E’ (septal and lateral E’ values) and
left atrial volume.

Ultrasound of carotid and femoral arteries

A non-invasive and painless diagnostic test, known as
carotid and femoral artery ultrasound, employs high-
frequency ultrasound waves to produce detailed images of
the carotid and femoral arteries. This imaging technique
enables the estimation of various vascular parameters,
including the diameter of the arteries, the thickness of the
intima—media layers and the identification of plaques and
calcifications.” By using ultrasound technology, this exam-
ination provides valuable insights into the structural integ-
rity and health of the arterial walls, aiding in the assessment
of potential vascular abnormalities and informing clinical
decisions regarding cardiovascular health.

Retinal fundus photo

A specialised non-invasive fundus camera (Topcon TRC-
50DX) consisting of an intricate microscope is used to
take two retinal photos of the non-dominant eye after
dilatation of the pupil. One photo focusing on macula
and another photo focusing on the optic nerve are
assessed. Photos will be examined for early microvascular
changes and they may also provide information on poten-
tial neurodegenerative changes in the central nervous

46
system.

Figure 4 A semiautomatic programme detects non-calcified coronary plaque. CX, circumflex artery; LAD, left anterior

descending artery; RCA, right coronary artery.
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Bioelectrical impedance analysis

Body composition parameters such as fat mass, fat
percentage, muscle mass, muscle mass percentage and
fluid balance are measured by a bioelectrical impedance
spectroscopy tool (SOZO). Almost as accurate as MRI and
dual-energy X-ray absorptiometry, the method is easily
applicable with low costs and provides a comprehensive
set of values for body composition by distributing a weak
electric current through the body tissues.*” *3

Hand grip strength

HGS is a predictor of cardiovascular mortality, and
ingestion of AAS has been associated with an increased
HGS.” HGS is measured using a hand dynamometer
(Jamar Hand Dynamometer). Participants are seated
with elbows by their side and flexed to right angles. In a
neutral wrist position, the mean value of grip strength in
three trials is calculated for each hand. The HGS proce-
dure has been well documented as reliable in numerous
studies.?® % Participants’ HGS data will be displayed as left
or right regardless of hand dominance.

49-51

Blood and urine

Circulating sex hormone levels and cardiovascular risk
markers in serum/plasma (eg, HbAlc, lipids, haema-
tocrit) are analysed along with inflammatory markers
(high-sensitive) C reactive protein (hsCRP)). Hormone
levels are measured by liquid chromatography tandem
mass spectrometry, which is calibrated by in-house
prepared calibrators, and the relative SD is <10%. Sex
hormone binding globulin concentrations are measured
by a Roche assay on Cobas €602 with a precision of 1.8
%-4.0% (14.9-21.9nmol/L). Free testosterone levels are
calculated assuming a plasma albumin concentration of
43g/1.%

Haemoglobin is measured using a photometric anal-
yser with a coefficient of variation (CV) of 2.8%. Plasma
total cholesterol and high-density lipoprotein (HDL)
cholesterol are analysed by enzymatic colorimetric reac-
tions (Modular P, Roche), and low-density lipoprotein
(LDL) cholesterol is calculated using the Friedewald
equation.”® Hemoglobin Alc (HbAlc) is measured by
high-performance liquid chromatography using Tosoh
G8 (Medinor, Brgndby, Denmark); the analytical CV is
0.9%. CRP is analysed using latex-based immunoanal-
ysis (CRP Ultra, Sentinel Diagnostics, Milan, Italy) by an
Architect ¢8000 instrument (Abbott). The intra-assay and
interassay CVs are 0.8% and 1.9% for normal levels of
hsCRP, respectively.

Urine samples: Participants deliver a urine sample
shortly after arrival. Urine samples are kept frozen at
—-80°C until analysis of AAS metabolites. Finally, biolog-
ical materials (serum/plasma/urine) are stored for
biobanking at —-80°C.

Questionnaires
Our study employs a range of validated questionnaires
to assess the mental health impacts of AAS use. SF-36

(Short Form Health Survey) assesses health-related QoL,
providing insights into mental well-being, emotional
health and social functioning.”” Inventory of Inter-
personal Problems focuses on interpersonal difficul-
ties, reflecting on how individuals perceive and handle
relationship-related challenges.” Body Q evaluates the
subjective experience of one’s body and appearance,
offering insights into body image concerns and psycho-
logical well-being.”™ Buss-Perry Aggression Question-
naire measures dimensions of aggression, helping assess
potential associations between AAS use and aggression.”
General Anxiety Disorder-7 quantifies anxiety symptoms,
aiding in the identification of anxiety-related issues.”
Patient Health Questionnaire-9 is a depression screening
tool, useful for measuring the severity of depressive symp-
toms.”” Beck’s Depression Inventory version II assesses
the severity of depression, contributing valuable data
on depressive symptoms in AAS users.”” Internet-based
Cognition Assessment Tool evaluates cognitive function,
providing insights into any cognitive effects or impair-
ments associated with AAS use.”* By integrating these
instruments, we aim to comprehensively evaluate specific
mental health outcomes in AAS users.

Medical history

Chronic diseases, allergies, medication and supplement
usage, alcohol and tobacco consumption, gynaecolog-
ical history, sexual complaints and a comprehensive
description of AAS history (including current or past use,
cumulative dose and duration) will meticulously be docu-
mented. Additionally, information on the intake of other
performance-enhancing drugs, dietary habits, physical
activity and socioeconomic status is recorded.

Physical examination

We will conduct various anthropometric measurements,
including the assessment of height, weight, waist and hip
circumference. Additionally, BMI will be calculated to
provide an indicator of body composition (expressed in
kg/m?). Androgen-related features will be evaluated by
estimating alopecia and assessing facial and body hair
using the Ferriman-Gallwey score. Participants will self-
report occurrences of acne. Moreover, testicular size will
be measured using an orchidometer, contributing to a
comprehensive assessment of physical characteristics and
endocrine markers.

Sample size and statistics

It is not possible to perform a regular power calculation
of the pilot study as the eligible study patients involve a
highly diverse and broad group of recreational athletes
with a lifetime illicit AAS use of different durations. Thus,
our epidemiological study is including subjects having
anything from a short period (ie, at least 3 months) of
AAS use to subjects with a year lasting use of AAS. Due
to this uncertainty regarding the composition of partic-
ipants and the outcome of results, it is required to
conduct a pilot project. In our pilot study (part A), we
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aim to include at least 120 participants divided between
90 males and 30 females with a history of AAS use. These
individuals will be examined together with 60 physically
active age-matched and sex-matched controls, who report
no previous or ongoing illicit AAS use. Recruitment and
inclusion of participants for the following cohort study
(part B) will continue for another 2 years.

We will employ descriptive statistics to summarise
demographic and clinical characteristics, presenting
continuous variables as mean+SD or median (IQR) and
categorical variables as number (n) and percentage (%).
We will assess data distribution normality using Q-Q plots
and the Shapiro-Wilk test, applying transformations as
needed. For comparisons among the active AAS users,
previous AAS users and controls, we will use one-way
analysis of variance (ANOVA) for normally distributed
continuous variables and % tests for categorical variables.
Post hoc analyses will be conducted following significant
differences, with Levene’s test assessing homogeneity
of variances. Kruskal-Wallis test will be applied for non-
normally distributed variables. Correlation analyses will
explore relationships, using Pearson’s correlation coef-
ficient for normally distributed data and Spearman’s
rank correlation coefficient for non-normally distributed
data. To account for potential confounding variables,
our future approach will involve multivariable regression
models to estimate regression coefficients and associated
95% CIs for the primary outcomes.

Data management

Data are stored and analysed digitally with no unau-
thorised access. Original data are filed according to a
participant number. Research Electronic Data Capture
(REDCap) (www.project-redcap.org), hosted by Open
Patient Data Explorative Network (OPEN), is used for
registration of data.”” ® REDCap meets the safety require-
ments set by the Danish Data Protection Agency for the
storage of person-sensible data. OPEN Analyse, a secure
remote desktop solution hosted by OPEN, is used for
storage and analyses of the pseudoanonymised data.
OPEN Storage, a secure, logged drive also hosted by
OPEN, will be used to store scans digitally.

Data are pseudoanonymised according to Danish law
and regulations (The Regional Committees on Health
Research Ethics for Southern Denmark, Project-ID:
$-20210078, The Danish Data Protection Agency, journal
no. 21/28259), and therefore, analyses will be performed
through a remote VPN access to Statistics Denmark.

Ethics and dissemination

All participants are required to give written informed
consent. The study results will be published in peer-
reviewed international journals. Publication will be
according to the International Committee of Medical
Journal Editors recommendations, and the investigators
oblige themselves to publish both positive and negative
findings. All findings will also be presented at national
and international conferences.

The study is performed in accordance with the Decla-
ration of Helsinki and regulations of the General Data
Protection Regulation. It is approved by the Regional
Committee on Health Research Ethics for Southern
Denmark (S-20210078) and the Danish Data Protection
Agency (21/28259).

DISCUSSION

Our study is specifically crafted to investigate the
expanding and heterogeneous group of illicit AAS users,
incorporating individuals with diverse fitness motivations,
mental health challenges, different age groups, genders
and social backgrounds. These individuals may have
diverse objectives in their AAS use, with some seeking
aesthetic enhancements, while others aim to sustain their
mental well-being. For this reason, we intend to evaluate
the cardiovascular and mental health status in a broad
group of Danish recreational male and female athletes
with an ongoing or previous use of AAS for at least 3
months. Given the broad nature of the target group, our
approach involves conducting an initial pilot study (part
A) with a comprehensive programme. Subsequently, we
will use the gathered data to formulate an optimised and
more focused programme for the larger cohort study
(part B).

The available evidence regarding coronary athero-
sclerosis in AAS users originates from case reports, small
observational studies'* and a few cross-sectional studies
of long-term AAS users.'®"® Thus, the role of AAS in
the development of atherosclerotic disease remains to
be elucidated in the general population of recreational
athletes with an illicit use of AAS.

Myocardial dysfunction as a consequence of AAS use
seems to be somewhat better uncovered with a substan-
tial amount of data collected.'” 8 23 2428 3467 Nevertheless,
as for atherosclerosis, most data are based on selected
groups of AAS users (bodybuilders, weightlifters), and
in this context, data on women using AAS are virtually
absent. Thus, we expect our study to create new findings.

Ultrasonography of carotid arteries is a frequently used
non-invasive approach to gain information regarding
subclinical atherosclerosis,”® and indeed findings have
been used to predict cardiovascular disease (CVD)
outcome and atherosclerotic plaque burden in other
vascular regions.19 69-72 Therefore, we found it of interest
to include ultrasound of the carotid arteries in our pilot
study. Finally, we will report new data on possible micro-
vascular changes by comparing the morphology of retinal
vasculature in AAS users and control subjects—some-
thing we do not believe has been examined previously.

In addition to cardiovascular data, we will incorporate
supplementary information on mental health, acknowl-
edging previous studies that have reported heightened
levels of mental aggression and altered psychological
well-being in AAS users.” * * Whether this is a phenom-
enon that also concerns the general population of Danish
AAS users is still unknown.
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Because we specifically aim to target the general popu-
lation of AAS users, our study has wide inclusion criteria,
for example, age, AAS use (length of time, dose) and type
and time spent on workout. While this approach is antic-
ipated to facilitate participant recruitment, it introduces
a potential challenge, as it becomes uncertain whether
we primarily recruit young or middle-aged recreational
athletes, individuals with current or previous AAS use, and
those with a short or long-term history of AAS intake. To
address this uncertainty and gain insight into the diverse
composition of recreational athletes, we have chosen to
conduct a pilot study (part A). In addition, this concept
allows us to perform a comprehensive study programme
including a large armamentarium of examinations, and
subsequently to identify the examination modality (coro-
nary CT with or without contrast) that appears to be the
most applicable and useful to implement in our following
cohort study (part B) of recreational athletes.

We will capitalise on the findings of the pilot study (part
A) and create a down-scaled, but more specially designed
and optimised screening programme. The examination
modalities that effectively reveal the most obvious cardio-
vascular and mental health consequences of AAS use will
subsequently form part of a larger cohort study (part
B). Moreover, the cohort (part B) will undergo blood
sampling, analyses of body composition, and answering
questionnaires regarding mental aggression and QoL.
The number of enrolled participants in the following
CV cohort study (part B) is expected to be at least 300
male and female recreational athletes, and for practical
and logistical reasons, this requires a less comprehensive
examination programme.

Lastly, it is worth noting that a general limitation
related to studies of AAS using recreational athletes is the
inherent difficulty to obtain valid information regarding
the use of different types of AAS, dosages and cycles,
route of administration, training routines and the concur-
rent abuse of other substances and recreational drugs
as these data in many cases are based on self-reported
retrospective accounts far back in time.” Consequently,
it is not possible to completely assess and validate all data
concerning the AAS use. To circumvent these limitations,
and to encourage the participants to reveal a precise and
detailed description of their AAS use and abuse of other
substances, we keep all information strictly confiden-
tial, and no information is going to appear in the public
medical records. Ethical permission is granted to access
registry data from all participants.
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‘5‘ Complete checklist for the study based on STROBE:
6
7 Title and abstract:
8 1. The title accurately reflects the content and scope of the study. The abstract provides a clear
?O summary of the background, methods, results, and conclusions of the study.
1 Example: The abstract includes information on the prevalence of AAS use, its association with
12 adverse health effects, the rationale for the study, the study design, and key findings related to
13 cardiovascular and mental health outcomes.
14
:Z Introduction:
17 2. Background/Rationale: The introduction provides a concise overview of the background
18 information and rationale for the study, including relevant literature.
19 Example: The introduction discusses the prevalence of AAS use, its association with cardiovascular
5? and mental health outcomes, and the gaps in existing research regarding the effects of AAS on
2 different health parameters.
23
24 3. Objectives/Hypotheses: The specific objectives or hypotheses of the study are clearly stated.
25 Example: The study aims to investigate the associations between AAS use and various health
;S outcomes, including preclinical cardiovascular disease, circulating risk markers, and mental health
28 problems, among recreational athletes.
29
30 Methods:
31 4. Study Design: The study design (e.g., nationwide cross-sectional cohort study) is clearly
g; described.
34 Example: The study describes a nationwide cross-sectional cohort study conducted in Denmark to
35 investigate the associations between AAS use and different health outcomes.
36
g; 5. Setting: The setting where the study took place is clearly described.
39 Example: The study is conducted at Odense University Hospital, Denmark, with participants
40 recruited from recreational athletes engaged in different forms of physical activity.
41
42 6. Participants: Details about the study participants, including eligibility criteria, recruitment
ﬁ methods, and sample size determination, are provided.
45 Example: Participants include current and former AAS users as well as physically active control
46 subjects matched for sex and age, recruited through targeted announcements, social media posts,
47 and other recruitment strategies.
48
;g 7. Variables: All variables investigated in the study, including exposure, outcomes, and potential
51 confounders, are clearly defined.
52 Example: Variables include AAS use patterns, cardiovascular outcomes (e.g., carotid and femoral
53 plaque development, myocardial function), mental health parameters, and demographic
i: characteristics.
56
57 8. Data Sources/Measurement: The sources of data and methods of measurement for each
58 variable are described.
59
60
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‘5‘ Example: Data sources include interviews, questionnaires, physical examinations, laboratory tests
6 (e.g., urine and blood samples), and imaging studies (e.g., echocardiography, ultrasound).
7
8 9. Bias: Potential sources of bias and strategies to address them are discussed.
?0 Example: The study discusses potential biases related to participant recruitment, measurement
11 techniques, and confounding variables, with strategies to minimize bias.
12
13 10. Study Size: The rationale for the sample size determination is provided, and the actual sample
14 size is reported.
:Z Example: The study aims to include at least 120 participants in the pilot study, with recruitment
17 efforts ongoing for the larger cohort study.
18
19 11. Quantitative Variables: Methods for handling quantitative variables (e.g., means, standard
5? deviations) are described.
2 Example: Descriptive statistics will be used to summarize demographic and clinical characteristics,
23 with correlation analyses and regression models to explore associations between AAS use and
24 health outcomes.
25
;S 12. Statistical Methods: The statistical methods used to analyze the data are clearly described,
28 including any adjustments for confounding variables.
29 Example: Statistical methods include one-way ANOVA, Chi-squared tests, Kruskal Wallis test,
30 correlation analyses, and multivariable regression models to assess associations and adjust for
g; potential confounders.
33
34
35 Other Information:
36 13. Funding: Sources of funding for the study are disclosed.
g; Example: The study acknowledges funding support from relevant institutions or organizations,
39 along with any potential conflicts of interest among the study authors.
40
41 14. Ethics Approval: Ethical approval for the study is acknowledged.
?é Example: The study acknowledges approval from the Regional Committee on Health Research
44 Ethics for Southern Denmark and compliance with ethical standards outlined in the Declaration of
45 Helsinki.
46
47 15. Conflict of Interest: Any potential conflicts of interest among the study authors are disclosed.
:g Example: The study discloses any financial or personal conflicts of interest that may influence the
50 research or interpretation of findings.
51
52 16. Availability of Data and Materials: Information on the availability of data and materials related
53 to the study is provided.
i: Example: The study outlines plans for data sharing and availability of materials for future research
56 or replication efforts.
57
58
59
60
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