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Abstract
Introduction  The non-medical use of androgens among recreational gym users has become a global substance use 
concern. Complications from use particularly appear to affect the cardiovascular system, including the development 
of cardiovascular events, as well as anabolic steroid-induced cardiomyopathy (ASIC). Furthermore, the development 
of substance dependence with a specific withdrawal syndrome appears to be common and is contributed by the 
development of endocrine dysfunction related to anabolic steroid-induced hypogonadism.

Case summary  A 38-year-old male law enforcement officer and recreational bodybuilder presented with multiple 
health complaints following years of supraphysiologic androgen use and polypharmacy. Key symptoms included 
new-onset subacute dyspnea, dizziness, palpitations, headaches, and recurrent failed attempts at androgen cessation. 
Clinical findings showed abnormal blood pressure, testicular atrophy, plethoric appearance, and laboratory evidence 
of progressive polycythemia (hematocrit: 56.9%; normal < 49%), elevated testosterone, and suppressed luteinizing 
and follicle-stimulating hormones. He was at risk for muscle dysmorphia and met criteria for androgen dependence. 
Diagnosis confirmed ASIC. Treatment consisted of recurrent bloodletting for polycythemia, guideline-based cardiac 
management, and a structured endocrine regimen (tapered transdermal testosterone, oral Tamoxifen, subcutaneous 
human chorionic gonadotropin) to support androgen discontinuation and hormonal recovery. At 4 months, 
ASIC had normalized, and he was asymptomatic. However, after 6 months, he developed laboratory-confirmed 
idiopathic primary hypogonadism and began guideline-directed testosterone replacement. Despite more than a 
year of abstinence from non-medical androgen use and normalization of cardiac function, the patient died from a 
cardiovascular event, highlighting the possibly persistent risks of prior androgen use.

Conclusion  Non-medical androgen use is a growing global issue among recreational gym-goers. The intersection 
of severe health risks and substance dependence highlights the urgent need for an integrated, medical and harm-
reduction approach—ideally delivered in specialized primary care settings. Early detection of cardiovascular risk 
factors is crucial for mitigating the often-overlooked yet potentially reversible complications. A reassessment of legal 
and clinical measures is warranted to optimize harm reduction and provision of care. Despite best practices and a year 
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Introduction
Anabolic androgenic steroid use, which includes natural 
androgens, e.g., testosterone, or could be synthetic deriv-
atives to mimic the action of the endogenous male sex 
hormones, has become a major global health concern, 
particularly among young males who engage in recre-
ational sports with the motivation of improving personal 
aesthetic goals [1–4]. The non-medical use of androgens 
most often comprises of complex supraphysiologic user 
patterns over months and/or chronic use over years with 
additional extensive polypharmacy with other medica-
tions and possible concomitant illicit substance use [2, 3]. 
Acute and long-term side effects from androgen use are 
multiple, complex, and potentially detrimental regarding 
health outcomes among people using these substances 
[3, 5–7]. Among the many complications from androgen 
use, particularly the cardiovascular system appears to be 
affected with the development of cardiovascular disease 
(i.e., acute myocardial infarction, venous thromboem-
bolism, arrhythmias, heart failure [8]), as well as ana-
bolic steroid-induced cardiomyopathy (ASIC) which has 
become a growing health concern [6, 9–11].

Furthermore, the development of substance depen-
dence is common among people who are using andro-
gens that fulfills the adapted criteria of a substance use 
disorder (SUD) [3, 12, 13] and most often is contributed 
by the development of endocrine dysfunction related to 
an anabolic steroid-induced hypogonadism (ASIH) [10, 
14, 15]. Approximately one-third of those who start using 
androgens appear to develop a dependence syndrome 
[13]. The development of substance dependence among 
people who use androgens can contribute to continued 
use of these substances, even though negative health 
complications are already present, and unsuccessful 
attempts at androgen cessation appear to be common as 
well in that context [3].

This current case report presents a patient who 
engaged in recreational sports using androgens and was 
diagnosed with ASIC and screened for anabolic ste-
roid dependence presenting in a primary care setting 
specialized for anabolic steroid use in Switzerland. This 
report highlights not only the successful reversibility of 
ASIC with comprehensive harm-reduction measures in 
an integrated primary care setting but also the sobering 
reality that, despite such dedicated multidisciplinary care 
and prolonged abstinence from non-medical androgen 
use, the patient ultimately suffered a fatal cardiovascular 

event. This outcome underscores the persistent and 
potentially irreversible risks associated with prior long-
term androgen use, even in the context of best-practice 
medical management.

Methods
A primary healthcare practice for current or past users 
of androgens in recreational sports was established at the 
Arud Centre for Addiction Medicine in Zurich (Switzer-
land) to improve the provision of medical care for people 
who are using anabolic agents from 2023 onwards [16]. 
The Arud Centre provides integrated medical care for 
patients with problematic substance use or substance use 
disorders. This case report’s reporting and methodology 
follow a checklist for case reports using the CARE guide-
lines [17]. The complete reporting checklist is available in 
Supplementary Table 1.

Patient information/medical history
A 38-year-old law enforcement professional and recre-
ational bodybuilder presented for laboratory monitoring 
and guidance during ongoing androgen use. Although 
motivated to stop, he was ambivalent about maintaining 
long-term abstinence. At his first visit, he reported new-
onset subacute dyspnea and dizziness during strenuous 
exercise, as well as recurrent palpitations, headaches, 
excessive sweating, and reduced testicular volume. 
He also experienced sleep disturbances suggestive of 
obstructive sleep apnea and progressive male pattern 
hair loss. No initial mental health concerns were noted. 
The patient reported weekly supraphysiologic testos-
terone injections, prior oral use, and concurrent use of 
anabolic agents. He reported weekly use of testosterone 
propionate 300  mg/week, nandrolone phenylpropionate 
300  mg/week, insulin 10  IU/day, and growth hormone 
(hGH) 6  IU/day. He reported not to take other medica-
tions and had no significant personal or family history 
of cardiovascular disease, cancer, or risk factors. He was 
a lifelong non-smoker, consumed minimal alcohol, and 
denied illicit drug use. Previous attempts to discontinue 
androgens, unaccompanied by medical supervision and 
relying on anecdotal “post-cycle therapy” to support 
withdrawal from non-medical androgen use [18, 19]—
resulted in withdrawal symptoms (i.e., depressed mood, 
anxiety, insomnia, low energy, decreased libido) leading 
to repeated relapse. These symptoms align with anabolic 

of abstinence from non-medical androgen use, the patient’s fatal outcome underscores the critical need for further 
research, heightened awareness, and more robust prevention and harm reduction strategies for those affected by 
non-medical androgen use.

Keywords  Anabolic androgenic steroids, Substance use disorder, Hypogonadism, Cardiomyopathy, Addiction, 
Polycythemia, Case report
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steroid-induced hypogonadism (ASIH) following pro-
longed androgen exposure.

Clinical findings/physical examination
On examination, the patient appeared well and not in 
distress. Blood pressure was elevated (160/81  mmHg), 
and BMI was high at 33.9 kg/m2 with pronounced mus-
cle bulk. Cardiovascular exam was normal, with no fluid 
overload or abnormal heart sounds. He was noted to be 
plethoric (florid; red-faced). Notable findings included 
underarm stretch marks, advanced male pattern hair 
loss (Hamilton-Norwood stage V), and testicular atro-
phy (< 15  mL by self-assessment by Orchidometry). No 
lymphadenopathy, thyroid enlargement, or other abnor-
malities were detected by physical examination.

Timeline
See Table 1.

Diagnostic assessment/measures
Further diagnostic work included laboratory (blood and 
urine) and ECG examinations. Table 2 presents key lab 
findings; all results are available in the supplementary 
Table 2. Abnormal results included polycythemia, mildly 
elevated liver enzymes, suppressed LH/FSH (indicat-
ing hypothalamic-pituitary axis suppression), elevated 
androgens and estrogens, and dyslipidemia character-
ized by low HDL. Creatine kinase was moderately ele-
vated. Kidney function tests showed normal eGFR but 
albuminuria (category A2), suggesting possible kidney 
pathology. Other labs were unremarkable. A 12-lead ECG 
indicated left ventricular hypertrophy (Sokolov-Lyon 
index: 3.5 mV) as demonstrated in Fig. 1A. Psychometric 
screening identified risk for muscle dysmorphia (Muscle 
Dysmorphic Disorder Inventory (MDDI): 47; norm < 39) 
and androgen dependence (adapted DSM-V: 5/7 criteria; 
norm < 3) [20, 21]. The patient declined further psychiat-
ric or psychotherapeutic evaluation.

For further cardiac assessment, the patient was referred 
to an outpatient cardiology clinic. Transthoracic echo-
cardiography (TTE) confirmed concentric hypertrophy 
(septal thickness: 14 mm) with normal ejection fraction 
(LVEF: 65%) but reduced longitudinal strain (GLS -15%) 
as demonstrated in Fig. 1C, E. Mild mitral valve insuffi-
ciency was noted. Diagnosis was consistent with ASIC. A 
24-h blood pressure test confirmed grade 1 hypertension 
(mean: 154/77 mmHg) and a hypertrophic component of 
cardiomyopathy would be a differential diagnosis. HFpEF 
was considered, but assessment was limited by tachy-
cardia and lack of cardiac biomarkers. Exercise-induced 
cardiomegaly (‘athlete’s heart’) was ruled out due to 
reduced GLS, no cavity dilatation, and absence of other 
adaptations.

Nocturnal breathing difficulties prompted screening 
for obstructive sleep apnea (OSA); pulse oximetry indi-
cated mild OSA (AHI: 7.0), but sleep laboratory studies 
later refuted this. Abdominal ultrasound showed spleno-
megaly (17 × 6 cm) with no other abdominal abnormali-
ties. Testicular ultrasound revealed atrophy (12–13 cm3), 
minor hydrocele, and a small spermatocele (10 mm), but 
normal structure and perfusion. No semen analysis was 
performed as there was no desire for future fertility.

Therapeutic intervention
Cardiovascular and hematologic risks
Primary treatment recommendations for anabolic ste-
roid-induced hypertension and cardiomyopathy included 
androgen and growth hormone cessation. Furthermore, 
the patient received guideline-directed antihyperten-
sive therapy for stage 1 arterial hypertension, consisting 

Table 1  Timeline of historical and clinical information
Timeline Historical and clinical information
− 12 to 15 years First time exogenous anabolic androgenic steroid 

use with cyclic application over a total of 8 years
0 Presentation at the primary care practice with a 

focused assessment of patient history, as well as 
physical, laboratory (blood and urine), psycho-
metric (androgen dependence, muscle dysmor-
phia), instrumental (ECG) examination

+ 1 week Referral to outpatient cardiology clinic
+ 3 weeks Follow-up visit demonstrated progressive symp-

tomatic polycythemia with splenomegaly treated 
with recurrent phlebotomy procedures

+ 4 weeks Diagnosis of cardiomyopathy and hypertension
+ 1 month Attempt of cessation of anabolic androgenic 

steroids supported with an endocrine tapering 
treatment protocol

+ 4 months Follow-up cardiology examination showing nor-
malization of ventricular structure and function 
and blood pressure
Follow-up laboratory examination showing 
normalization of polycythemia

+ 6 months Follow-up laboratory, clinical and ultrasound 
exam, as well as stimulation test showing sus-
tained symptomatic endocrine dysfunction and 
state of hypogonadism
Commencement of medical testosterone 
replacement therapy (TRT)

+ 7 months Persisting risk for androgen dependence and 
body dysmorphia

+ 11 months Positive OSA screening with referral to outpatient 
pneumology department. Diagnosis of OSA was 
refuted

+ 16 months Abdominal sonography showing persisting 
splenomegaly
Patient remained abstinent (self-reported and 
further objectified by laboratory markers) with 
continued wish for abstinence from non-medical 
use of anabolic androgenic steroids under medi-
cal testosterone replacement therapy

+ 19 months The patient died from a cardiovascular event. 
After death, it was discovered that he had an 
unreported HIV diagnosis
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of low-dose monotherapy with Lisinopril 5 mg daily (an 
ACE inhibitor) to also promote left ventricular cardiac 
remodeling, as per European Society of Cardiology (ESC) 
guidelines [22]. It is important to note that the introduc-
tion of ACE inhibitor therapy coincided with the cessa-
tion of androgens and growth hormones, which may 
complicate the interpretation of subsequent cardiovas-
cular improvements. This overlap raises questions about 
the precise contribution of each intervention to the 
observed reversal of cardiovascular risk and the poten-
tial for recovery from ASIC. In a patient with established 
LVH (high risk), a dual antihypertensive therapy could 
be discussed if the systole is > 150 mmHg and androgen 
cessation could not be achieved. Due to a lack of evi-
dence to establish the diagnosis of HFpEF, no treatment 
with an additional SGLT2 inhibitor was initiated. Other 
cardiovascular harm-reducing treatments included two 
phlebotomy treatments, also referred to as bloodletting 
treatments, due to progression of a severe symptomatic 
polycythemia (i.e., hematocrit level 56.9% (high hemato-
crit: > 54%) with two sessions of approximately 500  mL 
blood withdrawals each session. It should be noted that 
one bloodletting (phlebotomy) procedure was per-
formed in the primary care setting. In contrast, an addi-
tional phlebotomy was independently conducted by the 
patient with the assistance of peers. This latter procedure 
took place within 4 weeks following the first session and 
occurred without the prior knowledge or supervision of 
the treating physician.

Anabolic steroid-induced hypogonadism
Regarding endocrine treatment of hyperestrogenism, he 
was initially started on Letrozole 2.5 mg daily (aromatase 
inhibitor; AI) to reduce aromatization of testosterone to 

estradiol until androgen cessation was attempted. There-
after, regarding cessation, there was a high risk of devel-
opment of ASIH with associated withdrawal symptoms 
due to endocrine dysfunction of his HPT axis, as previ-
ously reported by the patient in the past. A tapering pro-
tocol according to Rahnema and colleagues was applied 
aiming to reduce withdrawal symptoms and to restore 
endogenous testosterone synthesis [14]. Treatment 
included a 4-week tapering of transdermal testosterone 
gel (60 mg to 20 mg/day), a 10-week course of Tamoxifen 
20 mg daily (then reduced to 10 mg for 6 weeks) to stim-
ulate endogenous gonadotropin release, and a 4-week 
rescue regimen of hCG (2000  IE, 3 times weekly). The 
patient was monitored over 6 months.

Follow-up and outcomes
Cardiovascular and hematologic risks
After 4  months of the guideline-directed medical ther-
apy for arterial hypertension as well as androgen and 
growth hormone cessation and associated weight loss, 
the patient recovered clinically with normalized cardiac 
function and structure demonstrated in repeat ECG as 
well as echocardiogram (Fig.  1B, D, F) with resolution 
of the left ventricular hypertrophy (maximum septal 
thickness: 10-11  mm) and normal longitudinal function 
(GLS -17.5%). Cardiac biomarker (i.e., NT-proBNP) was 
normal. Importantly, upon the patient’s cardiovascular 
assessment and diagnosis of anabolic steroid-induced 
cardiomyopathy, an abstinence motivation could be fur-
ther promoted and the patient wanted to quit androgen 
use permanently. The arterial hypertension normalized 
under antihypertensive treatment and weight loss con-
firmed by a 24-h home blood pressure measurement 
(mean pressure: 116/65  mmHg). Upon androgen 

Table 2  Summary table of key clinical measurements
Investigation Date

24.08.23 11.09.23 30.10.23 29.01.24 04.03.24 26.03.24 16.05.24
Blood pressure (mmHg) 160/81 149/71 133/67 147/78
24h blood pressure (mmHg) 154/77*** 116/65****
Hematology
RCC (10e6/uL) (4.6–6.2) 5.81 6.25 5.46 4.88 4.86 5.32
Hemoglobin (Hb) (g/dL) (14–18) 17.9 19 17.4 15.4 15.5 17
Hematocrit (HCT) (%) (43–49) 52.8 56.9 50 43.1 44.4 48.1
Chemistry
FSH (IU/l) (1.5–12.4) 0.3 < 0.3
LH (IU/L) (1.7–8.6) 0.3 < 0.3 0.3 9.4 9.2 < 0.3
Total Testosterone (tT) (nmol/l) (8.6–29.0) 43.6 8.3 44.5 6.5 8.2 7.7
Free Testosterone* (fT) (pmol/l) (16.7–77.8) 166.2 27.4
Free Testosterone** (fT) (pmol/l) (198–619) 1140 108 108 112
Estradiol (pmol/l) (41.4–159) 258 29 176 55 23
*Determination of bioactive testosterone by direct measurement

**Determination of free testosterone by calculation with formula of Vermeulen

***24 h blood pressure measurement conducted 21.09.2023

****24 h blood pressure measurement conducted 08.01.2024
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cessation and medical antihypertensive treatment the 
patient reported multiple orthostatic hypotensive epi-
sodes, and antihypertensive treatment was stopped with 
no further episodes reported. Initial phlebotomy treat-
ment led to cardiovascular symptom improvement (i.e., 
headaches, dizziness, plethora) and reduction of hema-
tocrit (50%). In combination with cessation the patient’s 
hematocrit normalized. Splenomegaly remained stable 
(16.6 × 6  cm) at 16  months past cessation. Furthermore, 
dyslipidemia resolved without medical treatment, and 
Albuminuria improved.

Anabolic steroid-induced hypogonadism
Over 4 months of endocrine therapy, the patient's with-
drawal symptoms were initially controlled. A notable 
peak in total testosterone (44.5 nmol/L; 30 October 2023) 
likely resulted from the combined use of hCG and taper-
ing testosterone. The patient followed the protocol, expe-
riencing only minor skin irritation from the testosterone 
gel, which resolved with site rotation. No other adverse 
events were reported. Within 6  months, symptoms of 
hypogonadism worsened, as evidenced by The Aging 
Males' Symptoms (AMS) score (43; normal ≤ 26) [23], 
low testosterone (tT: 8.2  nmol/L; fT: 108  pmol/L), and 

Fig. 1  Results from 12-lead electrocardiogram and cardiac ultrasound on initial presentation and follow-up after androgen cessation and antihyperten-
sive treatment. After 8 years of cyclic androgen use, the resting ECG demonstrated signs of left ventricular hypertrophy (LVH) (A), 4 months after stopping 
non-medical androgen use and antihypertensive treatment, no signs of LVH could be documented by ECG (B). Echocardiographic confirmation of LVH 
(concentric hypertrophic left ventricle with maximum septal thickness of 14 mm), normal pump function (LVEF 65%), but reduced longitudinal function 
(GLS -15%) as demonstrated in the parasternal longitudinal axis view (C) and 4-chamber view (E). Pleasant cardiological course 4 months after also by 
echocardiographic assessment with normalization of structural changes (max. septum thickness 10-11 mm, normal pump function, normalization of 
longitudinal deformation (GLS -17.5%) as demonstrated in the parasternal longitudinal axis view (D) and 4-chamber view (F)
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elevated LH (9.2  IU/L). Physiological testosterone levels 
could not be restored, as shown in Fig.  2. A guideline-
directed hCG stimulation test was conducted. Even a 
high dose stimulation test (5000 IE hCG as single injec-
tion) did not show a sufficient testosterone increase (tT: 
1.2x; fT: 1.3x (normal: 1.8–2.5x)), reflecting gonadal fail-
ure (primary hypogonadism). In this case, the diagnosis 
is best classified as idiopathic primary hypogonadism. 
While androgen use may have been a substantial fac-
tor, other factors such as prior cryptorchidism, orchitis, 
genetic conditions like Klinefelter syndrome, or long-
standing HIV infection and its treatment may have con-
tributed. However, these cannot be definitively assessed 
anymore. This underscores both the multifactorial nature 
of hypogonadism and the limitations of retrospective 
analysis in complex cases. There is currently no consen-
sus on the optimal duration of this endocrine treatment; 
thus, the patient may have benefited from a longer treat-
ment period to facilitate endocrine recovery. As there 
was a high chance of relapse to non-medical use of ana-
bolic steroid due to progressively worsening symptoms as 
indicated by the patient as well as the possibly of irrevers-
ible state of hypogonadism, the patient was started on 
standard of care testosterone replacement therapy (TRT), 
which led to complete resolution of symptoms associated 
with low testosterone (i.e., AMS: 22 points; normal: < 26 
points) [24]. The patient reported that he remained 
abstinent from non-medical androgen use until the last 
known consultation (> 16  months after cessation). Signs 

for body dysmorphic disorder (i.e., muscle dysmorphia) 
assessed MDDI (i.e., 44 points; normal: < 39 points) per-
sisted upon cessation, but no further psychiatric evalua-
tion or treatment was wanted by the patient.

Postmortem insights and clinical reflections
During the manuscript review process, it was reported 
that the patient passed away. Although an official autopsy 
report is not available, based on correspondence with the 
hospital, the most probable cause of death was attrib-
uted to a cardiovascular event (i.e., lung embolism). A 
post-mortem assessment revealed that the patient had 
been living with HIV, a diagnosis unknown and not dis-
closed during the initial case study. The patient was diag-
nosed with HIV (CDC Stage A1) in 2012. The patient’s 
antiretroviral treatment (ART) history includes the use 
of rilpivirin (25 mg), tenofovir alafenamide (25 mg) and 
emtricitabine (200  mg) at the time of death. Through-
out the course of treatment, the patient has maintained 
sustained viral suppression. An external consult with 
a clinical pharmacology specialist was conducted, who 
identified a theoretical but unproven interaction between 
emtricitabine and testosterone therapy. Both drugs are 
partially eliminated by the kidneys, which could cause 
competition at renal transporters and affect clearance. 
Changes in testosterone metabolite excretion might also 
raise systemic androgen levels through increased recy-
cling. Notably, this remains a theoretical consideration, 
as there is currently no clinical evidence to support a 

Fig. 2  Course of testosterone recovery after androgen cessation. Course of testosterone recovery after cessation of non-medical androgen use. The 
patient received endocrine treatment for 4 months according to a tapering protocol by Rahnema and colleagues [14]. His endogenous testosterone did 
not recover over an observation period of 6 months, and he developed progressive symptoms consistent with ASIH
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significant interaction and was not evident in this patient 
under TRT treatment.

Importantly, while TRT is often necessary for treat-
ing hypogonadism, emerging evidence from randomized 
controlled trials (TRAVERSE trial) has demonstrated that 
TRT alone can confer an individual risk for serious car-
diovascular events, most notably pulmonary embolism 
and atrial fibrillation [25]. This risk highlights the impor-
tance for careful patient selection and monitoring during 
TRT. This unexpected discovery highlights the complex-
ity of comorbid conditions. It reinforces the importance 
of comprehensive medical assessments, particularly in 
cases involving multiple health challenges such as long-
term substance use of androgens, which can lead to sig-
nificant cardiovascular risks [8]. Studies have shown that 
non-medical androgen use may increase the likelihood 
of developing complications such as myocardial injury, 
hypertrophic cardiomyopathy, arrhythmias, and vascular 
damage, all of which contribute to heightened cardiovas-
cular morbidity and mortality [8]. Additionally, HIV itself 
is a recognized cardiovascular risk factor as well as risk 
factor for acquiring hypogonadism, further emphasizing 
the need for integrated care [26, 27]. It is also essential 
to highlight that many individuals in this community fre-
quently use fitness supplements and high-dose vitamin 
products procured from unregulated underground labo-
ratories, as also possible in this case [28, 29]. These items 
are often counterfeit or do not contain the advertised 
ingredients and may harbor potentially harmful or undis-
closed substances [30, 31]. The unchecked consumption 
of such supplements, absent proper oversight, can result 
in serious health complications—especially for those 
already at risk due to excessive androgen use.

Discussion
Epidemiology and androgen dependence
In this case report, we described a 38-year-old male 
recreational bodybuilder who developed ASIC and was 
screened for androgen dependence in a Swiss primary 
care setting specializing in non-medical androgen use. 
Tragically, during the manuscript review process, the 
patient passed away, with the most probable cause of 
death attributed to a cardiovascular event.

Globally, the lifetime prevalence of androgen use is 
estimated at 6.4% among males and 18.4% among rec-
reational gym users [32]. For Switzerland, this trans-
lates to an estimated 300,000 people having used AAS 
at least once, though precise national data are lacking 
[31, 33]. Notably, about one-third (34.4%) of those who 
begin AAS use develop dependence or chronic use [13]. 
The development of a substance dependence among 
people that use androgens can contribute to continued 
use of these substances contributed by the development 
of body-image concerns (anabolic effects), endocrine 

dysfunction (androgenic effects), as well as mechanisms 
shared with classical addictive drugs (hedonic effects) [3, 
34]. The long-term treatment should include integrated 
(addiction-) medical and psychiatric care approaches as it 
appears that unsuccessful cessation attempts are frequent 
among this population [3]. Long-term androgen users are 
at risk of both psychological and physical dependence, 
with withdrawal symptoms such as mood changes, 
aggression, and fatigue. It is crucial to distinguish addic-
tion—characterized by cravings and compulsive use—
from physical dependence, which primarily involves 
withdrawal symptoms, to ensure appropriate treatment 
[35, 36]. The rise of anabolic steroid-use disorder is con-
cerning, yet research into its mechanisms and optimal 
management remains limited. More studies are needed 
to improve and validate diagnostic criteria and develop 
effective treatments that support hypothalamic-pituitary 
axis recovery while addressing the broader neurobiologi-
cal and hormonal effects of androgen use.

Given the high prevalence and growing popularity of 
androgens, healthcare providers must be knowledgeable 
about the individual and public health risks associated 
with these substances. Many individuals self-medicate 
and seek advice from peers or online forums, turning to 
specialized or emergency care only for severe side effects 
[37]. Hospitalization rates for androgen users are signifi-
cantly higher than for non-users [38]. Barriers to access-
ing regular healthcare include fear of stigma or judgment, 
lack of trust in healthcare professionals, concerns about 
legal repercussions, and difficulty obtaining necessary 
medications for androgen-related complications [37].

Cardiovascular and hematologic risks
This patient received integrated care focused on mini-
mizing cardiovascular and hematologic risks from long-
term androgen use. Routine monitoring included regular 
assessments of cardiac function and blood parameters. 
Despite cessation of androgen use and harm reduction 
measures, the patient ultimately died due to a cardio-
vascular event—most likely a pulmonary embolism. This 
outcome underscores the persistent and possibly sub-
stantial risks faced by individuals with a prolonged his-
tory of androgen use and coexisting medical conditions. 
Among the known health risks of non-medical androgen 
use, cardiovascular complications appear to be particu-
larly substantial [6, 8–11]. While large trials found TRT in 
hypogonadal men was not inferior to placebo regarding 
major cardiac events although use may carry an elevated 
risk for pulmonary embolism, the impact of non-medical, 
supraphysiologic use remains unclear and may depend 
on dose and compounds used [25, 39]. Case–control 
studies indicate androgen users have a higher mortality 
risk, especially from cardiovascular causes, though high-
quality data are limited [8, 29, 38, 40, 41].
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The non-medical use of AAS may result in a series of 
complications on the cardiovascular system including 
vascular injury as well as anabolic steroid-induced car-
diomyopathy with/without heart failure from myocardial 
injury (i.e., atherogenic and prothrombotic effects, and 
vasoconstriction) as well as biventricular dysfunction 
(i.e., hypertrophic changes, increased blood pressure, 
and cardiac remodeling) which may culminate in those 
patients alongside more risk factors such as arrhythmias, 
obstructive sleep apnea, or polycythemia [8, 11, 42–45]. 
The underlying pathobiology based on the current under-
standing is summarized in the supplementary Table  4. 
Cardiovascular risks as well as risk for cardiomyopathy 
can accumulate in this population with the concomitant 
use of image- and performance-enhancing drugs, such 
as growth hormones in this patient [46]. This underlines 
that cardiovascular case findings may be frequent among 
patients using androgens and screening recommenda-
tions regarding cardiovascular risk factors should be con-
ducted among this population. The risk of people using 
androgens suffering from acute myocardial infarction at 
a young age may be 3% [47]. The development of ASIC 
may be a frequent, yet an underrecognized and underre-
ported outcome [8, 16]. The reversibility of ASIC varies 
and may depend on different factors (i.e., type, strength, 
duration of androgen use, polypharmacy with other ana-
bolic agents, and concomitant illicit substance use) and 
is conversely discussed within the medical literature [11]. 
Timely diagnosis as well as adequate early treatment ini-
tiation may be crucial to avoid disease progression and 
irreversible damage from a complication that most often 
goes unnoticed in early stages. Findings in ECG exams 
are common among sportspeople as well as people using 
androgens. The differentiation of normal (e.g., athletes’ 
heart) and abnormal (e.g., LVH) ECG findings can be 
challenging, although different ECG indices could be 
applied (e.g., Sokolow-Lyon index, modified Sokolow-
Lyon index, Cornell voltage QRS duration product, 
Romhilt-Estes score, Seattle Criteria) [48–51]. Given 
the prevalence of ECG abnormalities among athletes 
and androgen users, we recommend discussing find-
ings with a cardiology specialist and considering prompt 
low-threshold referral for additional diagnostics, such 
as echocardiography. Notably, a timely referral and the 
visualization of cardiomyopathy via echocardiography 
prompted this patient to reconsider substance use and 
helped foster ongoing abstinence. This intervention may 
have contributed to the complete reversibility observed.

Notably, the patient exhibited significant muscle mass 
objectified by BMI assessment. While more detailed 
assessments of body composition were not standard at 
the clinic, efforts are underway to implement bioimped-
ance analysis or abdominal circumference measurement 
for improved monitoring.

Polycythemia, or erythrocytosis, is a common finding 
in patients using androgens, marked by elevated hemato-
crit (> 49% for men) or hemoglobin (> 165 g/L for men) 
[52]. This can contribute to increased cardiovascular 
risk through complications like microvascular issues and 
thrombotic events [2, 53, 54]. There is currently no clear 
clinical guidance for managing polycythemia in those 
using supraphysiologic androgen doses, so regular moni-
toring for symptoms (such as headaches, visual changes, 
hypertension, and splenomegaly) is important [52, 55]. 
Hematocrit and blood pressure should be checked peri-
odically. For hematocrit levels above 52%, a reduction 
in androgen dose or bloodletting may be considered to 
lower cardiovascular risk [45]. We advocate for accessible 
phlebotomy when the hematocrit exceeds 52%, especially 
if the patient is symptomatic or has a hematocrit above 
54%. Other contributors, such as diuretics, stimulant use, 
and dehydration, can further exacerbate polycythemia 
[52]. Persistent cases warrant evaluation for alternative 
causes (e.g., polycythemia vera; Jak2 mutation status). 
Obstructive sleep apnea (OSA) may also play a role and 
should be screened using tools like the STOP-BANG 
questionnaire [44, 45]. Although therapeutic phlebotomy 
is sometimes used for androgen-induced erythrocytosis, 
its efficacy and safety remain unclear, and risks such as 
iron depletion, which may increase thrombotic risk, must 
be weighed with the patient [56].

Splenomegaly in this patient may have resulted from 
several converging factors. While long-term polycy-
themia secondary to androgen use possibly promoted 
myeloproliferative processes, it is also important to con-
sider that HIV infection, present in this individual, can 
independently contribute to splenic enlargement through 
chronic immune activation [57]. Furthermore, a history 
of growth hormone use could induce visceromegaly, fur-
ther compounding splenic enlargement [46]. In this case, 
alternative causes of splenomegaly such as neoplastic, 
infectious, or congestive etiologies, including Polycythe-
mia vera, were deemed less likely, and no further investi-
gations (e.g., JAK2 mutation status) were pursued.

Anabolic steroid-induced hypogonadism
The development of ASIH after use of androgens, a cen-
tral or secondary form of the male hypogonadism by 
inhibition of the hypothalamic-pituitary–gonadal hor-
mone axis, appears to be a hallmark in the pathology of 
this dependence syndrome and results in a functional 
incompetence of the testes with subnormal or impaired 
testosterone levels [14, 34, 58, 59]. Furthermore, studies 
suggest possibly irreversible down-regulation of andro-
gen receptors or androgen receptor signaling mecha-
nisms, possibly representing end-organ resistance as well 
as direct testicular toxicity from synthetic androgen use, 
leading to possible irreversible primary hypogonadism 
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or gonadal failure [14, 15]. ASIH may cause potentially 
serious negative consequences in males, contributing 
to a unique withdrawal syndrome after androgen cessa-
tion, associated with dependency as well as potentially 
long-lasting and/or permanent symptoms [23]. There is 
currently limited evidence on therapeutic approaches to 
facilitate safe withdrawal. Yet, many people still tend to 
self-treat this withdrawal syndrome through a practice 
often referred to as “post-cycle therapy” or ‘PCT’ [18, 19]. 
PCT is a non-medical term used by men using androgens 
to describe a heterogeneous group of substances used 
based on anecdotal patterns, most often comprising of a 
course of human chorionic gonadotrophin (hCG), and/
or selective estrogen receptor modulators (SERM) or aro-
matase inhibitors (AI) [2, 14, 18]. Current protocols for 
treating anabolic steroid-induced hypogonadism (ASIH) 
rely on expert opinion and limited studies [14, 18, 19, 
60]. While some benefits have been shown, key ques-
tions—such as the proper hCG dosage—remain unre-
solved, with practices varying from 1000 to 3000 IU three 
times weekly; in Switzerland, 2000 IU is a standard dose. 
Robust randomized controlled trials are needed to guide 
dosing and long-term management, ensuring evidence-
based care. There is emerging and conflicting literature 
on the provision of this endocrine therapy regarding the 
effectiveness as well as on the recovery of testicular func-
tion following AAS cessation. Among long-term users of 
androgens, withdrawal symptoms appear to be very com-
mon, frequently prolonged, associated with morbidity, 
and in many cases the full biochemical recovery is highly 
variable, often difficult to achieve and in some cases may 
never fully recover [10, 14, 15, 18, 19, 58, 60, 61]. Medi-
cal and pharmacological interventions may support the 
recovery, although the recovery of ASIH may depend 
on many factors (e.g., age, degree of androgen use) [14, 
58]. We support the provision of these current strategies 
with caution and clear inclusion criteria, as these treat-
ments are also well tolerated based on the current best 
medical literature, or absence thereof [14, 25, 60, 62–64]. 
In patients where recovery of testosterone production is 
unsuccessful, substitution therapy with TRT should be 
introduced as standard medical care when clinically indi-
cated. Unfortunately, current evidence does not provide 
clear guidance on the optimal duration to wait for spon-
taneous recovery. In this case, shared decision making 
played a crucial role and was based on a comprehensive 
evaluation of clinical and laboratory findings, the pro-
gression of symptoms, and the risk of relapse into non-
medical androgen use.

The role of primary care
The tragic outcome in this case—a patient’s death despite 
cessation of androgen use and harm reduction efforts—
emphasizes the urgent necessity for early, low-threshold 

access to comprehensive, integrated medical services. 
Timely intervention through accessible and coordinated 
care is essential to identify, monitor, and address the 
complex health risks associated with non-medical andro-
gen use before irreversible harm occurs. This case pow-
erfully illustrates that without prompt engagement in 
integrated medical support, the window for preventing 
fatal outcomes may close all too soon. The primary care 
setting offers low-threshold access to healthcare, chronic 
care management, and care coordination. A case finding 
through low-threshold access (i.e., the patient’s wish for a 
laboratory check in our case) resulted in a timely diagno-
sis and management of cardiovascular risk factors, which 
may be crucial for the possible reversibility of ASIC and 
the prevention of possible detrimental cardiovascular 
health outcomes among this population. As demon-
strated in this patient, the provision of harm-reducing 
measures within these settings allows people who use 
these substances to engage with (addiction) medical and 
behavioral interventions and to reduce these risks as 
well as the risk of relapse, instead of leaving patients in 
the care of peers without medical backgrounds. There is 
currently a lack of guidance and consensus on the opti-
mal provision of harm-reducing measures. Future stud-
ies should focus on optimizing the clinical guidance for 
optimal care provision to people who use androgens in 
recreational sports in primary care settings. Importantly, 
the delivery of medical care often involves legal aspects 
that need to be considered and may instill fear regarding 
legal repercussions in both the treating doctor and the 
patient, which limits having an open discussion regarding 
this substance use [16, 65, 66]. Considering the patient's 
death, it becomes even more critical to implement strat-
egies that avert both morbidity and mortality among 
individuals with a history of non-medical androgen use. 
Proactive identification, harm reduction, and timely 
intervention are crucial to addressing the profound risks 
faced by this population and to preventing such devastat-
ing outcomes in the future.

Conclusions
Despite comprehensive, evidence-based clinical man-
agement, this young male patient with a history of rec-
reational sports participation, long-term non-medical 
androgen use, HIV infection, and growth hormone sup-
plementation ultimately died of a cardiovascular event. 
His care included cessation of androgens, initiation of 
endocrine treatment for ASIH with a 16-week proto-
col of tamoxifen, testosterone gel, and hCG, followed by 
substitution-based TRT, all provided within an integrated 
framework of medical, psychiatric, and addiction care. 
Additionally, his management involved thorough screen-
ing for comorbid medical conditions and active treatment 
of polycythemia. Although guideline-directed medical 
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therapy led to normalization of cardiac structures and 
function, this case tragically mirrors the high risk of car-
diovascular death among non-medical androgen users. 
This outcome underscores the urgent need for enhanced 
prevention, early intervention, and harm-reduction strat-
egies to help reduce morbidity and prevent fatal deaths 
among individuals using androgens.

Learning points

 	• Early harm reduction is vital: Timely initiation of 
comprehensive harm-reduction strategies in primary 
care is crucial to possibly prevent irreversible health 
consequences and fatal outcomes among individuals 
using non-medical androgens.

 	• Integrated care may improve outcomes: Coordinated, 
multidisciplinary management—including medical, 
psychiatric, and addiction support—may enhance 
engagement and recovery, addressing both substance 
dependence and associated health risks.

 	• Cardiovascular and hematologic risks can be 
substantial: Non-medical androgen use can 
result in severe complications, such as androgen-
induced secondary polycythemia, cardiomyopathy, 
and cardiovascular events, which require early 
identification and intervention to avoid long-term 
damage.

 	• Management of ASIH is challenging: ASIH 
is common, often persistent, and requires 
individualized management; clear clinical protocols 
and evidence-based guidance are currently lacking 
and urgently needed regarding the high and 
increasing prevalence of this substance use.

 	• Primary care is a critical access point to healthcare 
services: Low-threshold, accessible primary care 
settings are essential for case finding, chronic disease 
monitoring, coordination of care, and provision of 
harm-reducing interventions to engage this high-risk 
population in ongoing care.

Patient perspective
I'm 39  years old now and started [androgen use] about 
12–15  years ago. The reason to start was to increase 
[physical] performance and for faster increase in mus-
cle mass. Since I didn't feel any major side effects other 
than sleep problems, there was no reason to stop [andro-
gen use]. The family doctor had already diagnosed high 
blood pressure and too much blood [polycythemia] and 
discussed it with me, but that was it. There was no treat-
ment or anything like that. There are no heart problems 
in my family, and I have never had any problems with it 
[heart]. I didn't notice many symptoms. The diagnosis 
described above [polycythemia] was made through a reg-
ular blood exam.

Finally, I talked to friends who heard about the pro-
gram [medical consultation for users of anabolic andro-
genic steroids] at Arud [primary care practice] and I 
signed up. Additional tests were carried out there and I 
was then referred to a specialist [outpatient cardiology 
clinic]. I was told about it [cardiomyopathy] by the Heart 
Clinic, Dr. H. Hammer, and was prescribed the drug 
Lisitril 5  mg [Lisinopril; ACE inhibitor] for 6  months. 
However, after about 4 months I had to stop taking the 
medication because my high blood pressure was too low! 
After another examination, it was determined that the 
heart muscle had recovered, and I no longer had to take 
the medication. I am no longer being treated for heart 
issues. In this regard, I also feel good and healthy! No fur-
ther investigations are planned.

I'm sure it was important and right that I sought medi-
cal advice and agreed to it. Ultimately, you can convince 
yourself that you are healthy for a long time, but only 
the doctors can determine what your insides really look 
like. I also have to say that I had great trust in everyone 
involved and I would like to thank you very much for 
that!
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