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ABSTRACT 

Androgenic anabolic steroids are commonly abused by athletes and body-builders to help develop lean 

body mass and muscular strength to enhance their performance. However, at doses which are much 

higher than recommended therapeutic dosage, abuse of these drugs is commonly associated with car-

diovascular side-effects that can lead to acute myocardial infarction and sudden death. We report here 

three cases of acute myocardial infarction in local young bodybuilders who were using Stanazolol, an 

androgenic anabolic steroid, and discuss the pathophysiological mechanisms behind the observed car-

diovascular side effects. 
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INTRODUCTION 

Androgenic-anabolic steroids (AAS) are syn-

thetic derivatives of testosterone and short-

term administration by athletes can increase 

strength and bodyweight. 1 The current regi-

mens of AAS include combinations of in-

jectable and oral preparations taken at doses 

10 to 40 times greater than those prescribed 

therapeutically. 2 At such high doses, AAS 

side effects become evident which include 

vascular complications, coronary atheroscle-

rosis, dilated cardiomyopathy, acute myocar-

dial infarction (AMI) and sudden death. 2  

 

Many other adverse effects have been associ-

ated with AAS misuse, including disturbance 

of endocrine and immune function, alterations 

of the sebaceous system and skin, changes in 

the haemostatic system and urogenital tract. 1 

Three cases of AMI in previously healthy 

young local bodybuilders in Brunei Darussa-

lam secondary to AAS (Stanazolol) abuse are 

reported to highlight the dangers associated 

with these drugs. 

Case Report 
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CASE REPORT 

Case 1: In February 2005, a 30-year-old Ma-

lay male bodybuilder was admitted with an 

inferior AMI. He had no past medical history 

but during this admission was diagnosed with  
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hypertension and hyperlipidemia. He also 

gave a history of smoking. An urgent coro-

nary angiogram confirmed an acute occlusion 

of the mid right coronary artery (RCA) by in-

traluminal clots (Figure 1).  As he was stable, 

he was treated with oral anticoagulation and 

discharge. Repeat coronary angiogram in May 

2005 showed a mid RCA stenosis and a per-

cutaneous coronary intervention (PCI) was 

performed using a Driver stent, which com-

pletely resolved the stenosis. On further en-

quiry, the patient admitted to using AAS. 

(DES) in November 2005 (Figure 2c and 2d). 

Follow-up angiogram in January 2006 showed 

mild stenosis of the left main stem (38%) and 

restenosis of the mid left anterior descending 

artery (60%), which was stented with another 

Taxus DES (Figure 2e and 2f).  

 

Case 3: In December 2005, a 28-year-old 

policeman who was also a keen bodybuilder 

was admitted with an anterior AMI. This pa-

tient also had used AAS. He underwent imme-

diate thrombolysis but continued to have dy-

namic ECG changes. Urgent coronary an-

giogram showed resolution of the occlusion of 

both LAD and lateral circumflex (LCx) arteries 

but persistence of luminal RCA clots.  All three 

coronary arteries were pristine in calibre with 

no luminal disease and hence PCI was not 

indicated. He was started on warfarin which 

resolved his symptoms and ECG changes. 

Blood investigations showed a reduced level 

of both Protein S and C but absence of anti-

cardiolipin antibodies. Subsequent follow-up 

coronary angiogram confirmed resolution of 

the RCA clots. 

 

All three patients have been on regu-

lar follow up to assess the long-term effects of 

AAS abuse and to monitor for any signs of 

dilated cardiomyopathy. They have continued 

to take part in bodybuilding but have stopped 

taking AAS. 
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Case 2: In October 2005, another Malay 

male bodybuilder, aged 46, with a  past 

medical history of hypertension, hyperlipide-

mia and smoking, was admitted with an an-

tero-inferior AMI. The patient admitted to 

using AAS. He was treated successfully with 

thrombolysis and discharged. Subsequently 

he underwent an elective treadmill test, 

which was significantly positive and an urgent 

coronary angiogram confirmed triple vessel 

coronary artery disease  (Figure  2a and 2b). 

He underwent PCI to all three vessels suc-

cessfully with three Taxus drug eluting stents 

Fig. 1: Large aneurysmal RCA with clots in the dis-

tal RCA as indicated by the arrow. 

DISCUSSION 

AAS, a synthetic derivative of the male hor-

mone testosterone is commonly abused by 

athletes and bodybuilders to increase strength 

and bodyweight. Strengths gain of about five 

to 20% of the initial strength and increments 

of two to five kg bodyweight, that may be at-

tributed to an increase of the lean body mass 
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Fig. 2: Angiogram showing significant coronary artery disease in the Cx (a) and RCA (b). PCI with Taxus 

drug eluting stents were performed successfully (c & d).  Recurrence of symptoms and repeat angiogram 

confirmed mild stenosis at distal LMS (38%) and mid LAD (58%) 2 months after the initial episode (e), 

the LAD lesion was successfully dilated and stented using another Taxus drug eluting stent (f).  



have been observed. 1 

 

 Apart from these positive anabolic 

effects, AAS has numerous adverse cardio-

vascular effects when consumed in doses 10 

to 40 times the therapeutic dose, such as 

accelerated atherosclerotic disease leading to 

acute myocardial infarction, cerebrovascular 

accidents, dilated cardiomyopathy and sud-

den death. 2 These three case reports high-

light such adverse cardiovascular effects as-

sociated with AAS abuse.  

 

The exact mechanisms for the ad-

verse cardiovascular effects associated with 

AAS are still uncertain. Several mechanisms 

have been proposed and confirmed in animal 

studies and these include, a) increased co-

agulopathy and platelet hyperactivity 3-5, b) 

effects on vasoreactivity resulting in vaso-

spasm 6, 7, c) reduction in antioxidant activity 

8, and d) changes in lipid levels. 6, 9 

 

AAS have been reported to affect 

haemostasis through both the coagulation 

and the fibrinolytic system. They cause a hy-

percoagulable state through the increased 

production of several coagulation factors such 

as factors II, V, VIII and X. 5 At the same 

time, they also increase the plasma concen-

tration of fibrinolytic factors such as anti-

thrombin III, Protein C and S with a reduced 

levels of plasminogen activator inhibitor, 

hence resulting in a state of increase fibri-

nolysis. 4  Consequently, AAS cause a hyper-

coagulable state which is counterbalanced by 

an increased fibrinolytic activity to maintain 

haemostasis.  This balance between hyperco-

agulability and increased fibrinolysis caused 

by AAS is dose dependent. At therapeutic 

doses, AAS such as danazol have been used 

in patients with Protein S deficiency to reduce 

the incidence of DVT. 10 However at high 

doses such as those associated with AAS 

abuse by athletes and weightlifters, the bal-

ance may be tipped towards a hypercoagu-

lable state resulting in an increased incidence 

of thromboembolic events.   

 

 Expression of thromboxane A2 

(TXA2) /prostaglandin H2 (PGH2) receptors in 

culture human erythroleukemia (HEL) cells, a 

megakaryocyte-like cell line, is increased 

when incubated with testosterone. 11 TXA2/

PGH2 receptors are also expressed in plate-

lets and testosterone has also been shown to 

regulate the expression of platelet TXA2 re-

ceptors in humans. 11, 12 Treatment with intra-

muscular testosterone 200mg given twice, 

two weeks apart in human participants has 

been found to increase platelet TXA2 recep-

tors which peak at four weeks resulting in an 

increase platelet aggregation response to 

TXA2 mimetic 125I-BOP. 12 Increased platelet 

sensitivity to collagen has also been found in 

weightlifters who regularly abuse AAS. 3 Hae-

moglobin, red cell count, haematocrit and 

platelet count have been shown to increase 

significantly during treatment with danazol, 

an anabolic steroid commonly used in endo-

metriosis. 13 This increase in blood viscosity 

combined with increased platelet sensitivity 

and aggregation response in a hypercoagu-

lable environment  due to increased coagula-

tions factors may account for the thromboem-

bolic side-effects seen with AAS abuse in 

weight lifters and athletes. 

 

Another adverse effect of chronic AAS 

abuse is its effect on vascular reactivity re-

sulting in an increased propensity for vaso-

spasm. This effect on vasoreactivity seen with 
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AAS has been shown to be due to a potentia-

tion of vasoconstriction responses to epineph-

rine, serotonin and endothelin-1, combined 

with an attenuation of vasorelaxant re-

sponses to sodium nitroprusside in rabbits. 6 

At a molecular level, testosterone has been 

shown to increase vascular TXA2 receptor 

density, resulting in enhanced coronary ar-

tery vasoconstriction to TXA2 mimetic in 

laboratory animals. 11, 14   

 

Flow mediated dilatation (FMD) of the 

brachial artery is commonly measured as a 

surrogate marker for in-vivo endothelial func-

tion. In non-smoking bodybuilders on AAS, 

FMD was found to be significantly reduced 

when compared to non-smoking control 

bodybuilders, indicating impairment of endo-

thelium dependent dilatation. 7 In this group, 

endothelium independent vasodilatation using 

glyceryl trinitrate was also found to be dimin-

ished, suggesting that the damage is not just 

limited to the endothelium but also affects 

the smooth muscle media. 7 Endothelial dys-

function is an early indicator of atherosclero-

sis. The increase in vascular endothelium 

TXA2 receptors and presence of endothelial 

dysfunction may account for the finding of 

systolic hypertension seen in AAS users. 

 

 In rats treated with AAS nandrolone 

decanoate for eight weeks, cardiac tissue lev-

els of antioxidant enzymes superoxide dismu-

tase (SOD), glutathione peroxidase (GPx) and 

glutathione reductase (GR) activity were 

found to be significantly lower compared to 

control rats after a global ischemic event. 8 

Heart infarct size was also significantly larger 

in AAS treated rats. 8 This reduction in anti- 

oxidant activity may predispose to vascular 

endothelial damage and accelerated athero– 

sclerosis seen with chronic AAS abuse.   

 

The effects of AAS on lipid levels have 

been well reported both in animal studies and 

in clinical subjects. 6, 9 Treatment with testos-

terone and nandrolone in rabbits is associated 

with significantly lowering blood HDL levels 

with a corresponding increase in LDL levels. 6 

AAS cause marked reduction of HDL-C, HDL2-

C and HDL3-C levels (weighted average, 

52%) and Apo-A1 levels while raising LDL 

(average of 36%) and Apo-B levels in body-

builders on AAS, resulting in an increased 

atherogenic lipid profile. 15   

 

 All four pathological mechanisms as-

sociated with chronic AAS abuse proposed 

and proven by animal and clinical studies 

could result in the development of a 

prothrombotic and atherogenic state, leading 

ultimately to early and accelerated athero-

sclerosis and thromboembolic events such as 

cerebrovascular accidents or as in our three 

patients with AMI. Because of the prothrom-

botic state, myocardial infarction can occur in 

athletes or body builders with seemingly nor-

mal coronary angiograms while in others, in 

the presence of accelerated coronary athero-

sclerosis. 

 

In conclusion, it is important for clini-

cians and general practitioners to be aware of 

this association and to counsel athletes and 

recreational bodybuilders carefully regarding 

this and other side effects that may occur 

with the abuse of these agents.  

CHONG. Brunei Int Med J. 2011; 7 (1): 54  

ACKNOWLEDGEMENT 

I would like to thank Dr Patrick Ang 

(Gleneagles JPMC)  for helping out with the 

images. 



REFERENCES  

1: Hartgens F, Kuipers H. Effects of androgenic-

anabolic steroids in athletes. Sports Med. 2004; 

34:513-54.  

2: Lamb DR. Anabolic steroids in athletics: how 

well do they work and how dangerous are they? Am 

J Sports Med. 1984; 12:31-8.  

3: Ferenchick  G,  Schwartz  D, Ball M, Schwartz K. 

Androgenic-anabolic steroid abuse and platelet ag-

gregation: a pilot study in weight lifters. Am J Med 

Sci. 1992; 303:78-82.  

4: Ferenchick GS, Hirokawa S, Mammen EF, 

Schwartz KA. Anabolic-androgenic steroid abuse in 

weight lifters: evidence for activation of the hemo-

static system. Am J Hematol. 1995; 49:282-8.  

5: Kahn NN, Sinha AK, Spungen AM, Bauman WA. 

Effects of oxandrolone, an anabolic steroid, on he-

mostasis. Am J Hematol. 2006; 81:95-100.  

6: Ammar EM, Said SA, Hassan MS. Enhanced 

vasoconstriction and reduced vasorelaxation in-

duced by testosterone and nandrolone in hypercho-

lesterolemic rabbits. Pharmacol Res 2004; 50:253-

9.  

7: Ebenbichler CF, Sturm W, Ganzer H et al. Flow-

mediated, endothelium-dependent vasodilatation is 

impaired in male body builders taking anabolic-

androgenic steroids. Atherosclerosis 2001; 

158:483-90.  

8: Chaves EA, Pereira-Junior PP, Fortunato RS et 

al. Nandrolone decanoate impairs exercise-induced 

cardioprotection: role of antioxidant enzymes. J 

Steroid Biochem Mol Biol 2006; 99:223-30.  

 

 

 

9: Hurley BF, Seals DR, Hagberg JM et al. High-

density-lipoprotein cholesterol in bodybuilders v 

powerlifters. Negative effects of androgen use. 

JAMA 1984; 252:507-13.  

10: Ledford MR, Horton A, Wang G, Brito M, 

Delgado L. Efficacy of danazol in a patient with con-

genital protein-S deficiency: paradoxical evidence 

for decreased platelet activation with increased 

thrombin generation. Thromb Res. 1997; 87:473-

82.  

11: Matsuda K, Mathur RS, Duzic E, Halushka PV. 

Androgen regulation of thromboxane A2/

prostaglandin H2 receptor expression in human 

erythroleukemia cells. Am J Physiol. 1993; 265: 

E928-934.  

12: Ajayi AA, Mathur R, Halushka PV. Testosterone 

increases human platelet thromboxane A2 receptor 

density and aggregation responses. Circulation 

1995; 91:2742-7.  

13: Ford I, Li TC, Cooke ID, Preston FE. Changes in 

haematological indices, blood viscosity and inhibi-

tors of coagulation during treatment of endometrio-

sis with danazol. Thromb Haemost 1994; 72:218-

21.  

14: Schror K, Morinelli TA, Masuda A, Matsuda K, 

Mathur RS, Halushka PV. Testosterone treatment 

enhances thromboxane A2 mimetic induced coro-

nary artery vasoconstriction in guinea pigs. Eur J 

Clin Invest 1994;24 Suppl 1:50-2.:50-2. 

15: Hartgens F, Rietjens G, Keizer HA, Kuipers H, 

Wolffenbuttel BH. Effects of androgenic-anabolic 

steroids on apolipoproteins and lipoprotein (a). Br J 

Sports Med 2004; 38:253-9.  

 

 

CHONG. Brunei Int Med J. 2011; 7 (1): 55 


