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Abstract
Anabolic steroids (AS) are synthetic derivatives of the male sex hormone testosterone. The use
of AS is not limited to bodybuilders and athletes, but non-athletes also use them. It is used to
enhance athletic performance, induce muscle hypertrophy, and augment male sexual
characteristics. AS use is associated with a wide range of side effects and potential
cardiovascular complications. In this article, we have searched the available literature to
investigate the association between AS use and cardiovascular disease (CVD). The results
revealed that AS was linked to lipid metabolism derangements, hypertension, coagulation
disorders, and cardiomyopathy. We concluded, based on the relevant data, that there was
evidence that suggests an association with CVD, primarily myocardial infarction, fatal
arrhythmias, and cardiomyopathy in AS users. The general population should be informed of
the risk. Also, methods of primary and secondary prevention should be implemented to
mitigate the risk of CVD secondary to AS.
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Introduction And Background
"Get strong or die trying" by powerlifter Ariel Stephens.

The sports industry has always been massive as it offers both the fame and financial status to
athletes worldwide. In 1954, Olympics synthetic testosterone was first used by a Russian
weightlifter, and subsequently, it became popular within the general population [1]. The World
Anti-Doping Agency (WADA) estimates that 1% to 2% of athletes' urine samples test positive
for performance-enhancing drugs [2]. A further 14% prevalence rate was observed by the use of
biological passport measures. Also, in one anonymous survey of 2,167 world-class amateur
athletes, about 43.6% admitted to using performance-enhancing drugs. It is estimated that
3.3% of teenagers in high school also use steroids [3]. Anabolic steroids (AS) are also used by
non-athletes in order to improve their physical abilities and appearance [4].

AS are synthetic derivatives of the male sex hormone testosterone [5]. The correct term for
these compounds is anabolic-androgenic steroids. "Anabolic" refers to muscle hypertrophy and
"androgenic" refers to increased male sex characteristics. Drugs that are commonly used are
testosterone, androstenedione, stanozolol (Winstrol), nandrolone (Deca-Durabolin), and
methandrostenolone (Dianabol). Multiple research articles have shown that these drugs have a
wide range of side effects, resulting in reproductive and metabolic disorders, psychological
disturbances, cardiovascular disease (CVD), and renal and hepatic pathologies [6,7]. In this
article, our key focus is on CVD. CVD encompasses a range of illnesses that include numerous
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pathologies of the heart and blood vessels. These include but are not limited to coronary artery
disease, congestive heart failure, and arrhythmias. Heart disease is the number one cause of
death globally [8]. The World Health Organization (WHO) estimated 17.9 million deaths by CVD
in 2016, representing 31% of all global deaths. Of these deaths, 85% were due to heart attack
and stroke.

The data on the association between AS and long-term cardiovascular morbidity and mortality
are limited. As such, in this article, we will be searching the available literature with the
PubMed database to investigate the association between AS use and CVD development due to
the high prevalence of AS use.

Review
Hypertension and dyslipidemia

AS have been associated with a range of adverse effects [9]. It is speculated that AS may be
related to cardiovascular risk. Angell et al. suggested that there is no substantial data to
confirm that AS is linked to hypertension and lipid profile alterations [10]. Moreover, the
precise mechanism of cardiac effects remains a mystery. Corona et al. conducted a meta-
analysis, which involved a randomized clinical trial of 3,016 AS users and 2,448 persons in a
placebo group over a period of 34 weeks [11]. The analysis showed no metabolic derangements
and suggested it might be cardioprotective because it reduced body fat and improved lean
muscle mass among participants.

Vanberg and Atar posited that AS use was linked to disorders in lipid metabolism, elevations in
blood pressure, and a procoagulant state overall, leading to CVD [12]. In 2010, Achar et al.
highlighted that AS use could possibly result in the decrease of high-density lipoprotein (HDL)
and an increase of low-density lipoprotein (LDL) among users, and they also linked it to
elevations in blood pressure [13]. In 2015, Gheshlaghi et al. found that AS use was associated
with a significant increase in both systolic and diastolic blood pressures, which positively
correlates with drug duration [14]. Also, they found a decrease in LDL and no changes in HDL
levels in plasma. However, this study was limited to a short period of two months among a
small group of 267 athletes. In 2019, three studies supported the claim that AS use was related
to dyslipidemia [15-17]. Rosca et al. conducted a study in rats and affirmed an increase in
triglycerides and LDL with a decrease in HDL in plasma [15]. Souza et al. highlighted the
mechanism of AS use, and stated it impairs HDL leading to the decrease in efflux of cholesterol,
and may lead to early coronary artery disease [16]. Liu and Wu reported that AS use correlates
with an increase of LDL in serum and decreases HDL levels in serum [17]. They further observed
hypertension and accelerated atherosclerosis in combination, resulting in cardiovascular risk. 

We reviewed nine articles published between 2005 and 2019, investigating the relationship
between AS use and CVD risk factors. Corona et al. found no cardiovascular risk; however, this
study was conducted over a limited period and remains unclear about the accountability of high
drug dose variations [11]. In contrast, some studies suggest the risk might be linked to chronic
use, while others discovered drug effects in a short period of time. Overall, seven studies
showed evidence of elevated blood pressure, alterations in lipid metabolism, and coronary
atherosclerosis among AS users. Therefore, it can be concluded based on the majority of recent
studies that AS is linked to CVD risk factors (Figure 1). It remains unclear the roles of AS drug
dose and drug duration as it relates to CVD risk. As such, further research is needed to confirm
this association.

2020 Perry et al. Cureus 12(7): e9333. DOI 10.7759/cureus.9333 2 of 8



FIGURE 1: Anabolic steroids and cardiovascular outcomes
This illustration depicts the relationship between anabolic steroid and cardiovascular disease.

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Cardiomyopathy and AS

Li et al. reported a case of a healthy 22-year-old male bodybuilder that developed acute hepatic
injury and rapidly progressive dilated cardiomyopathy after using stanozolol for 10 days [18].
This raises the question of how many younger athletes are at risk. Ha et al. reported a case
involving an AS user who developed left ventricular hypertrophy after 20 years of AS use [19].
Pirompol et al. discovered cardiomegaly in rats over an 8-12 week period of using AS [20]. This
was due to the suppression of myofilaments and the deposition of myocardial collagen.
Søndergaard et al. analyzed the outcomes of congested heart failure due to AS use and
concluded that AS-induced cardiomyopathy was non-reversible, and in the long term, patients
may require cardiac devices or implantation [21]. Seara et al. also found that chronic AS use was
linked to cardiac hypertrophy and myocardial ischemia due to a decrease in catalase mRNA
expression [22]. In 2018, Barbosa Neto et al. concluded that AS users developed an increase in
sympathetic modulation and high blood pressure, which were associated with alterations in the
cardiac dimensions; this was primarily reflected in interventricular septal thickness and left
ventricle posterior wall thickness [23]. 
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There are several reports of individuals dying of CVD after the intake of AS in both athletes and
non-athletes [24-27]. Far et al. found cardiac hypertrophy in 88 deceased males who tested
positive for AS use [28]. Also, Montisci et al. found left ventricular hypertrophy in four
autopsies and even an association with fibrosis, myocytolysis, and drug-induced eosinophilic
myocarditis [29]. Cecchi et al. discovered a direct apoptotic cardiac and endothelial change in
the heart tissue of deceased patients with heart failure who had a history of AS abuse [30]. In
2003, Hartgens et al. conducted two echocardiographic studies over a period of 8-16 weeks in
17 AS users and 15 non-users [31]. They found neither cardiac hypertrophy nor decreased
function with AS use and argued that echocardiography may lack sensitivity in detecting
adverse effects. Also, Nottin et al. found no increase in left ventricular wall thickness but
reported decreased left ventricular function in AS users [32]. Baggish et al. reported findings of
echocardiographic cardiac dysfunction among 83% chronic AS users in their study (Figure 2)
[33]. Golestani et al. proposed the use of molecular imaging as a method for early detection for
CVD in AS users [34]. Baumann et al. reported myocardial scaring and cardiomegaly, diagnosed
by MRI in a male bodybuilder with 20 years of AS use [35]. Alizade et al. found an increase in
right ventricular heart strain with the use of a two‐dimensional speckle tracking
echocardiography [36]. On the other hand, D'Andrea et al. found left atrial dysfunction with the
use of speckle echocardiography in AS users [37]. Rasmussen et al. reported an association
between global left ventricular strain and AS use, which was detected by echocardiography and
MRI [38]. 

FIGURE 2: Left ventricular dysfunction
The data represent 19 weightlifters of which 12 were anabolic steroid users, and seven were non-
users, observed over 468 weeks.

We reviewed 21 articles published between 2003 and 2019 to determine if AS was linked to
cardiomegaly and ventricular dysfunction. Collectively, 19 studies showed evidence that AS
users developed cardiomegaly and ventricular dysfunction, and these findings were based on
molecular imaging, echocardiography, or pathology reports (Figure 1). Moreover, it was
commonly associated with long-term use. Nevertheless, most of these studies were limited by
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their sample size. Only a few suggested the actual mechanism of insult on the heart. Hence,
further research is needed.

Sudden cardiac death and AS

The suspicion exists that there is a strong correlation between AS use and sudden cardiac death
due to arrhythmias and myocardial infarction. In 1991, Ferenchick et al. suspected that there
might be an association between AS and thrombosis that may lead to myocardial infarction and
stroke in athletes [39]. Also, Shamloul et al. reported a case of a 37-year-old male AS user who
died of ischemic stroke and myocardial infarction [27]. In 2011, Lippi and Banfi found that AS
usage lead to thrombotic complications in athletes [40]. Roşca et al. also tested this theory with
the drug nandrolone, and observed a hypercoagulable state in rats [41]. Chang et al. suggested
that AS use may impair synthesis of coagulation factors, inhibitors, and fibrinolytic proteins,
causing a procoagulant state that may lead to myocardial infarction and other thrombotic
complications [42]. Baggish et al. also found that there was an increase in coronary artery
plaque volume in AS users when compared to non-user, leading to rapidly progressive coronary
artery disease [43].

Several studies revealed that AS use is linked to arrhythmia and may cause sudden cardiac
death [44,45]. Two studies in 2015 and 2016, respectively, also affirmed an association with life-
threatening ventricular arrhythmias in rats with the use of nandrolone [46]. Alizade et al.
suggested that Tp-e interval, Tp-e/QT ratio, and Tp-e/QTc ratio were increased in bodybuilders
that used AS, and this may lead to ventricular arrhythmias [47]. This was referenced in a case
report published by Lichtenfeld et al. of an AS user who died of ventricular fibrillation [48]. In
2019, Marocolo et al. concluded that AS is associated with cardiac autonomic dysfunction and
ventricular repolarization, and reflected an increase in QT interval [49].

We reviewed several articles published between 1991 and 2019 to determine if AS may lead to
sudden cardiac death. Six studies indicated that AS might impair coagulation, leading to
thrombotic complications and myocardial infarction. Another six studies linked AS to
potentially life-threatening arrhythmias. Therefore, it can be deduced that AS is linked to CVD
and may lead to sudden cardiac death (Figure 1). However, these studies were limited by their
small sample size. We found only a few case reports that suggested AS was linked to sudden
cardiac death. Further research is still needed.

Limitations

This study included animal studies and articles that were older than 10 years. It also lacked
large-scale epidemiological studies; the majority of studies were based on a small population.

Conclusions
In this article, we reviewed the available literature to investigate the association between AS
use and CVD. We deduced that AS use was associated with CVD, in particular congestive heart
failure, cardiac arrhythmias, and coronary artery disease. Minimal evidence against this
association was found. Potential confounders would be polysubstance abuse, high caloric diet,
and genetic factors. In summary, the individuals using AS developed CVD risk factors, such as
elevated blood pressure and dyslipidemia. Also, they were at risk of developing cardiomyopathy
and coagulation alteration. However, additional investigation is required to confirm AS use as a
primary risk factor and to determine an actual census of individuals who may be at risk.
Surveillance of AS users and efforts aimed at increasing awareness of the general population
should also be recommended.

2020 Perry et al. Cureus 12(7): e9333. DOI 10.7759/cureus.9333 5 of 8



Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships:
All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or
activities that could appear to have influenced the submitted work.

Acknowledgements
I would like to acknowledge CIBNP for their patience and assistance especially Dr. Hassaan
Tohid.

References
1. Steroids and other appearance and performance enhancing drugs (APEDs) research report.

(2018). Accessed: May 28, 2020 : https://www.drugabuse.gov/publications/research-
reports/steroids-other-appearance-performance-enhancing-drugs-apeds/w....

2. Ulrich R, Pope HG Jr, Cléret L, et al.: Doping in two elite athletics competitions assessed by
randomized-response surveys. Sports Med. 2018, 48:211-219. 10.1007/s40279-017-0765-4

3. Dandoy C, Gereige RS: Performance-enhancing drugs. Pediatr Rev. 2012, 33:265-272.
10.1542/pir.33-6-265

4. Parkinson AB, Evans NA: Anabolic androgenic steroids: a survey of 500 users . Med Sci Sports
Exerc. 2006, 38:644-651. 10.1249/01.mss.0000210194.56834.5d

5. Anabolic steroids: what you should know. (2018). Accessed: May 28, 2020:
https://www.medicalnewstoday.com/articles/246373.

6. Vorona E, Nieschlag E: Adverse effects of doping with anabolic androgenic steroids in
competitive athletics, recreational sports and bodybuilding. Minerva Endocrinol. 2018,
43:476-488. 10.23736/S0391-1977.18.02810-9

7. Maravelias C, Dona A, Stefanidou M, Spiliopoulou C: Adverse effects of anabolic steroids in
athletes. A constant threat. Toxicol Lett. 2005, 158:167-175. 10.1016/j.toxlet.2005.06.005

8. Cardiovascular diseases. (2017). Accessed: May 28, 2020: https://www.who.int/news-
room/fact-sheets/detail/cardiovascular-diseases-(cvds)#.

9. Hoffman JR, Ratamess NA: Medical issues associated with anabolic steroid use: are they
exaggerated?. J Sports Sci Med. 2006, 5:182-193.

10. Angell P, Chester N, Green D, Somauroo J, Whyte G, George K: Anabolic steroids and
cardiovascular risk. Sports Med. 2012, 42:119-134. 10.2165/11598060-000000000-00000

11. Corona G, Maseroli E, Rastrelli G, Isidori AM, Sforza A, Mannucci E, Maggi M: Cardiovascular
risk associated with testosterone-boosting medications: a systematic review and meta-
analysis. Expert Opin Drug Saf. 2014, 13:1327-1351. 10.1517/14740338.2014.950653

12. Vanberg P, Atar D: Androgenic anabolic steroid abuse and the cardiovascular system . Handb
Exp Pharmacol. 2010, 195:411-457.

13. Achar S, Rostamian A, Narayan SM: Cardiac and metabolic effects of anabolic-androgenic
steroid abuse on lipids, blood pressure, left ventricular dimensions, and rhythm. Am J Cardiol.
2010, 106:893-901. 10.1016/j.amjcard.2010.05.013

14. Gheshlaghi F, Piri-Ardakani MR, Masoumi GR, Behjati M, Paydar P: Cardiovascular
manifestations of anabolic steroids in association with demographic variables in body
building athletes. J Res Med Sci. 2015, 20:165-168.

15. Rosca AE, Stancu CS, Badiu C, et al.: Lipid profile changes induced by chronic administration
of anabolic androgenic steroids and taurine in rats. Medicina. 2019, 55:540.
10.3390/medicina55090540

16. Souza FR, Dos Santos MR, Porello RA, et al.: Diminished cholesterol efflux mediated by HDL
and coronary artery disease in young male anabolic androgenic steroid users. Atherosclerosis.

2020 Perry et al. Cureus 12(7): e9333. DOI 10.7759/cureus.9333 6 of 8

https://www.drugabuse.gov/publications/research-reports/steroids-other-appearance-performance-enhancing-drugs-apeds/what-history-anabolic-steroid-use
https://www.drugabuse.gov/publications/research-reports/steroids-other-appearance-performance-enhancing-drugs-apeds/what-history-anabolic-steroid-use
https://dx.doi.org/10.1007/s40279-017-0765-4
https://dx.doi.org/10.1007/s40279-017-0765-4
https://dx.doi.org/10.1542/pir.33-6-265
https://dx.doi.org/10.1542/pir.33-6-265
https://dx.doi.org/10.1249/01.mss.0000210194.56834.5d
https://dx.doi.org/10.1249/01.mss.0000210194.56834.5d
https://www.medicalnewstoday.com/articles/246373
https://www.medicalnewstoday.com/articles/246373
https://dx.doi.org/10.23736/S0391-1977.18.02810-9
https://dx.doi.org/10.23736/S0391-1977.18.02810-9
https://dx.doi.org/10.1016/j.toxlet.2005.06.005
https://dx.doi.org/10.1016/j.toxlet.2005.06.005
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)#
https://www.who.int/news-room/fact-sheets/detail/cardiovascular-diseases-(cvds)#
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3827559/
https://dx.doi.org/10.2165/11598060-000000000-00000
https://dx.doi.org/10.2165/11598060-000000000-00000
https://dx.doi.org/10.1517/14740338.2014.950653
https://dx.doi.org/10.1517/14740338.2014.950653
https://pubmed.ncbi.nlm.nih.gov/20020375/
https://dx.doi.org/10.1016/j.amjcard.2010.05.013
https://dx.doi.org/10.1016/j.amjcard.2010.05.013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4400712/
https://dx.doi.org/10.3390/medicina55090540
https://dx.doi.org/10.3390/medicina55090540
https://dx.doi.org/10.1016/j.atherosclerosis.2019.02.006


2019, 283:100-105. 10.1016/j.atherosclerosis.2019.02.006
17. Liu JD, Wu YQ: Anabolic-androgenic steroids and cardiovascular risk . Chin Med J. 2019,

132:2229-2236. 10.1097/CM9.0000000000000407
18. Li C, Adhikari BK, Gao L, Zhang S, Liu Q, Wang Y, Sun J: Performance-enhancing drugs abuse

caused cardiomyopathy and acute hepatic injury in a young bodybuilder. Am J Mens Health.
2018, 12:1700-1704. 10.1177/1557988318783504

19. Ha ET, Weinrauch ML, Brensilver J: Non-ischemic cardiomyopathy secondary to left
ventricular hypertrophy due to long-term anabolic-androgenic steroid use in a former
olympic athlete. Cureus. 2018, 10:e3313. 10.7759/cureus.3313

20. Pirompol P, Teekabut V, Weerachatyanukul W, Bupha-Intr T, Wattanapermpool J: Supra-
physiological dose of testosterone induces pathological cardiac hypertrophy. J Endocrinol.
2016, 229:13-23. 10.1530/JOE-15-0506

21. Søndergaard EB, Thune JJ, Gustafsson F: Characteristics and outcome of patients with heart
failure due to anabolic-androgenic steroids. Scand Cardiovasc J. 2014, 48:339-342.
10.3109/14017431.2014.976837

22. Seara FAC, Barbosa RAQ, de Oliveira DF, et al.: Administration of anabolic steroid during
adolescence induces long-term cardiac hypertrophy and increases susceptibility to
ischemia/reperfusion injury in adult Wistar rats. J Steroid Biochem Mol Biol. 2017, 171:34-42.
10.1016/j.jsbmb.2017.01.012

23. Barbosa Neto O, da Mota GR, De Sordi CC, et al.: Long-term anabolic steroids in male
bodybuilders induce cardiovascular structural and autonomic abnormalities. Clin Auton Res.
2018, 28:231-244. 10.1007/s10286-017-0470-2

24. Kindermann W: Cardiovascular side effects of anabolic-androgenic steroids. (Article in
German). Herz. 2006, 31:566-573. 10.1007/s00059-006-2856-0

25. Lehmann S, Thomas A, Schiwy-Bochat KH, et al.: Death after misuse of anabolic substances
(clenbuterol, stanozolol and metandienone). Forensic Sci Int. 2019, 303:109925.
10.1016/j.forsciint.2019.109925

26. Kintz P, Gheddar L, Ameline A, Dumestre-Toulet V, Verschoore M, Comte J, Raul J-S:
Complete post-mortem investigations in a death involving clenbuterol after long-term abuse .
J Anal Toxicol. 2019, 43:660-665. 10.1093/jat/bkz058

27. Shamloul RM, Aborayah AF, Hashad A, Abd-Allah F: Anabolic steroids abuse-induced
cardiomyopathy and ischaemic stroke in a young male patient. BMJ Case Rep. 2014,
2014:bcr2013203033. 10.1136/bcr-2013-203033

28. Far HR, Ågren G, Thiblin I: Cardiac hypertrophy in deceased users of anabolic androgenic
steroids: an investigation of autopsy findings. Cardiovasc Pathol. 2012, 21:312-316.
10.1016/j.carpath.2011.10.002

29. Montisci M, El Mazloum R, Cecchetto G, Terranova C, Ferrara SD, Thiene G, Basso C: Anabolic
androgenic steroids abuse and cardiac death in athletes: morphological and toxicological
findings in four fatal cases. Forensic Sci Int. 2012, 217:e13-e18.
10.1016/j.forsciint.2011.10.032

30. Cecchi R, Muciaccia B, Ciallella C, et al.: Ventricular androgenic-anabolic steroid-related
remodeling: an immunohistochemical study. Int J Legal Med. 2017, 131:1589-1595.
10.1007/s00414-017-1589-3

31. Hartgens F, Cheriex EC, Kuipers H: Prospective echocardiographic assessment of androgenic-
anabolic steroids effects on cardiac structure and function in strength athletes. Int J Sports
Med. 2003, 24:344-351. 10.1055/s-2003-40705

32. Nottin S, Nguyen LD, Terbah M, Obert P: Cardiovascular effects of androgenic anabolic
steroids in male bodybuilders determined by tissue Doppler imaging. Am J Cardiol. 2006,
97:912-915. 10.1016/j.amjcard.2005.10.026

33. Baggish AL, Weiner RB, Kanayama G, Hudson JI, Picard MH, Hutter AM Jr, Pope HG Jr: Long-
term anabolic-androgenic steroid use is associated with left ventricular dysfunction. Circ
Heart Fail. 2010, 3:472-476. 10.1161/CIRCHEARTFAILURE.109.931063

34. Golestani R, Slart RH, Dullaart RP, et al.: Adverse cardiovascular effects of anabolic steroids:
pathophysiology imaging. Eur J Clin Invest. 2012, 42:795-803. 10.1111/j.1365-
2362.2011.02642.x

35. Baumann S, Jabbour C, Huseynov A, Borggrefe M, Haghi D, Papavassiliu T: Myocardial scar
detected by cardiovascular magnetic resonance in a competitive bodybuilder with
longstanding abuse of anabolic steroids. Asian J Sports Med. 2014, 5:e24058.

2020 Perry et al. Cureus 12(7): e9333. DOI 10.7759/cureus.9333 7 of 8

https://dx.doi.org/10.1016/j.atherosclerosis.2019.02.006
https://dx.doi.org/10.1097/CM9.0000000000000407
https://dx.doi.org/10.1097/CM9.0000000000000407
https://dx.doi.org/10.1177/1557988318783504
https://dx.doi.org/10.1177/1557988318783504
https://dx.doi.org/10.7759/cureus.3313
https://dx.doi.org/10.7759/cureus.3313
https://dx.doi.org/10.1530/JOE-15-0506
https://dx.doi.org/10.1530/JOE-15-0506
https://dx.doi.org/10.3109/14017431.2014.976837
https://dx.doi.org/10.3109/14017431.2014.976837
https://dx.doi.org/10.1016/j.jsbmb.2017.01.012
https://dx.doi.org/10.1016/j.jsbmb.2017.01.012
https://dx.doi.org/10.1007/s10286-017-0470-2
https://dx.doi.org/10.1007/s10286-017-0470-2
https://dx.doi.org/10.1007/s00059-006-2856-0
https://dx.doi.org/10.1007/s00059-006-2856-0
https://dx.doi.org/10.1016/j.forsciint.2019.109925
https://dx.doi.org/10.1016/j.forsciint.2019.109925
https://dx.doi.org/10.1093/jat/bkz058
https://dx.doi.org/10.1093/jat/bkz058
https://dx.doi.org/10.1136/bcr-2013-203033
https://dx.doi.org/10.1136/bcr-2013-203033
https://dx.doi.org/10.1016/j.carpath.2011.10.002
https://dx.doi.org/10.1016/j.carpath.2011.10.002
https://dx.doi.org/10.1016/j.forsciint.2011.10.032
https://dx.doi.org/10.1016/j.forsciint.2011.10.032
https://dx.doi.org/10.1007/s00414-017-1589-3
https://dx.doi.org/10.1007/s00414-017-1589-3
https://dx.doi.org/10.1055/s-2003-40705
https://dx.doi.org/10.1055/s-2003-40705
https://dx.doi.org/10.1016/j.amjcard.2005.10.026
https://dx.doi.org/10.1016/j.amjcard.2005.10.026
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.931063
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.931063
https://dx.doi.org/10.1111/j.1365-2362.2011.02642.x
https://dx.doi.org/10.1111/j.1365-2362.2011.02642.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4335477/


36. Alizade E, Avci A, Tabakcı MM, et al.: Comparison of right ventricle systolic function between
long-term anabolic-androgenic steroid user and non-user bodybuilder athletes: a study of
two-dimensional speckle tracking echocardiography. Echocardiography. 2016, 33:1178-1185.
10.1111/echo.13243

37. D'Andrea A, Radmilovic J, Caselli S, et al.: Left atrial myocardial dysfunction after chronic
abuse of anabolic androgenic steroids: a speckle tracking echocardiography analysis. Int J
Cardiovasc Imaging. 2018, 34:1549-1559. 10.1007/s10554-018-1370-9

38. Rasmussen JJ, Schou M, Madsen PL, et al.: Cardiac systolic dysfunction in past illicit users of
anabolic androgenic steroids. Am Heart J. 2018, 203:49-56. 10.1016/j.ahj.2018.06.010

39. Ferenchick GS: Anabolic/androgenic steroid abuse and thrombosis: is there a connection? .
Med Hypotheses. 1991, 35:27-31. 10.1016/0306-9877(91)90079-e

40. Lippi G, Banfi G: Doping and thrombosis in sports . Semin Thromb Hemost. 2011, 37:918-928.
10.1055/s-0031-1297371

41. Roşca AE, Badiu C, Uscătescu V, et al.: Influence of chronic administration of anabolic
androgenic steroids and taurine on haemostasis profile in rats: a thrombelastographic study.
Blood Coagul Fibrinolysis. 2013, 24:256-260. 10.1097/MBC.0b013e32835b7611

42. Chang S, Münster AB, Gram J, Sidelmann JJ: Anabolic androgenic steroid abuse: the effects on
thrombosis risk, coagulation, and fibrinolysis. Semin Thromb Hemost. 2018, 44:734-746.
10.1055/s-0038-1670639

43. Baggish AL, Weiner RB, Kanayama G, Hudson JI, Lu MT, Hoffmann U, Pope HG Jr:
Cardiovascular toxicity of illicit anabolic-androgenic steroid use . Circulation. 2017, 135:1991-
2002. 10.1161/CIRCULATIONAHA.116.026945

44. Maior AS, Menezes P, Pedrosa RC, Carvalho DP, Soares PP, Nascimento JH: Abnormal cardiac
repolarization in anabolic androgenic steroid users carrying out submaximal exercise testing.
Clin Exp Pharmacol Physiol. 2010, 37:1129-1133. 10.1111/j.1440-1681.2010.05452.x

45. Sculthorpe N, Grace F, Jones P, Davies B: Evidence of altered cardiac electrophysiology
following prolonged androgenic anabolic steroid use. Cardiovasc Toxicol. 2010, 10:239-243.
10.1007/s12012-010-9090-y

46. Ghorbani Baravati H, Joukar S, Fathpour H, Kordestani Z: Nandrolone plus moderate exercise
increases the susceptibility to lethal arrhythmias. Res Cardiovasc Med. 2015, 4:e26233.
10.5812/cardiovascmed.26233v2

47. Alizade E, Avcı A, Fidan S, et al.: The effect of chronic anabolic-androgenic steroid use on Tp-
E interval, Tp-E/Qt ratio, and Tp-E/Qtc ratio in male bodybuilders. Ann Noninvasive
Electrocardiol. 2015, 20:592-600. 10.1111/anec.12256

48. Lichtenfeld J, Deal BJ, Crawford S: Sudden cardiac arrest following ventricular fibrillation
attributed to anabolic steroid use in an adolescent. Cardiol Young. 2016, 26:996-998.
10.1017/S104795111600007X

49. Marocolo M, Katayama PL, Meireles A, Barbosa Neto O: Combined effects of exercise training
and high doses of anabolic steroids on cardiac autonomic modulation and ventricular
repolarization properties in rats. Can J Physiol Pharmacol. 2019, 97:1185-1192. 10.1139/cjpp-
2019-0286

2020 Perry et al. Cureus 12(7): e9333. DOI 10.7759/cureus.9333 8 of 8

https://dx.doi.org/10.1111/echo.13243
https://dx.doi.org/10.1111/echo.13243
https://dx.doi.org/10.1007/s10554-018-1370-9
https://dx.doi.org/10.1007/s10554-018-1370-9
https://dx.doi.org/10.1016/j.ahj.2018.06.010
https://dx.doi.org/10.1016/j.ahj.2018.06.010
https://dx.doi.org/10.1016/0306-9877(91)90079-e
https://dx.doi.org/10.1016/0306-9877(91)90079-e
https://dx.doi.org/10.1055/s-0031-1297371
https://dx.doi.org/10.1055/s-0031-1297371
https://dx.doi.org/10.1097/MBC.0b013e32835b7611
https://dx.doi.org/10.1097/MBC.0b013e32835b7611
https://dx.doi.org/10.1055/s-0038-1670639
https://dx.doi.org/10.1055/s-0038-1670639
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.026945
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.026945
https://dx.doi.org/10.1111/j.1440-1681.2010.05452.x
https://dx.doi.org/10.1111/j.1440-1681.2010.05452.x
https://dx.doi.org/10.1007/s12012-010-9090-y
https://dx.doi.org/10.1007/s12012-010-9090-y
https://dx.doi.org/10.5812/cardiovascmed.26233v2
https://dx.doi.org/10.5812/cardiovascmed.26233v2
https://dx.doi.org/10.1111/anec.12256
https://dx.doi.org/10.1111/anec.12256
https://dx.doi.org/10.1017/S104795111600007X
https://dx.doi.org/10.1017/S104795111600007X
https://dx.doi.org/10.1139/cjpp-2019-0286
https://dx.doi.org/10.1139/cjpp-2019-0286

	Anabolic Steroids and Cardiovascular Outcomes: The Controversy
	Abstract
	Introduction And Background
	Review
	Hypertension and dyslipidemia
	FIGURE 1: Anabolic steroids and cardiovascular outcomes

	Cardiomyopathy and AS
	FIGURE 2: Left ventricular dysfunction

	Sudden cardiac death and AS
	Limitations

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


