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T he positive eff ects of anabolic 

adrenergic steroid (AAS) use 

on muscle strength and size 

have been well documented in the sci-

entifi c literature. Th is article does not 

seek to discuss the eff ects of AAS on size 

and strength of skeletal muscle or the 

mechanisms of those actions as they are 

somewhat controversial and discussed 

elsewhere (3,17). Instead, this article 

focuses on the reported side eff ects 

resulting from ASS use ranging from the 

highly publicized to obscure, from the 

relatively harmless to potentially fatal. A 

short history of AAS is fi rst presented 

along with common misconceptions, 

followed by a brief overview of the 

eff ects of AAS use on the major systems 

of the body. For a more detailed explana-

tion of AAS, their mechanisms of action, 

and their physiological and psychologi-

cal eff ects, the reader is directed to the 

reference section. In particular, a few in-

depth and thorough review papers (and 

Chapter 29 in the text by Brooks et al. 3) 

have been published and are quite recent 

(4,6,9,11,13,16,21). 

Th e physiologist Charles E. Brown-

Sequard is credited with making the 

fi rst public claims about the eff ects of 

AAS in 1889 (9,10). However, it was 

not until the 1930’s (most sources cite 

tive Dianabol in 1958 (2). Th e IOC 

placed AAS on its banned substance list 

in 1976 (11). Th e late twentieth cen-

tury’s increased drive for athletic excel-

lence combined with societal pressures 

to achieve a more aesthetic appearance 

is a recipe for use, overuse, and abuse 

of AAS. 

A common misconception often arises 

from the fact that testosterone is a natu-

rally occurring substance in the body. 

While the average adult male produces 

6 – 7mg of testosterone daily (6,20), 

the error is in thinking that exposing 

the body to higher than natural/normal 

levels is okay since it is a compound (or 

very closely mimics one) that the body 

is designed to deal with. Th e notion 

that testosterone is a naturally occurring 

substance in the body and therefore 

introducing supraphysiologic levels far 

in excess of normal is fi ne is altogether 

false and a dangerous premise from 

which to base one’s actions, particularly 

in light of the fact that the introduced 

substance is synthetic, not natural. 

While some side eff ects off  AAS use are 

quite visible and apparent, others are 

more subtle. Th e vast majority of the 

eff ects that AAS have on the cardiovas-

cular system largely go unnoticed except 

in the most vigilant individuals or until 

a serious medical complication arises. 

Hypertrophy or excessive growth of car-

diac muscle, specifi cally the left ventricle 

(the main pump of the heart) indepen-

dently predicts cardiovascular mortal-

ity across diverse disease states (15). 

Left ventricular hypertrophy (LVH) is 

a common fi nding in heavy resistance 

trained individuals and any potential 

long-term health conditions as a result 

1935) that the fi rst androgen of andros-

terone was isolated by Butenandt (9). 

In the early days, testosterone deriva-

tives were synthesized not for athletic 

prowess or aesthetic perfection, but for 

the benefi cial eff ects related to certain 

disease states like hypogonadism (21). 

Since then, AAS have been used thera-

peutically for treating depression, aug-

menting muscle mass in older men, 

and attenuating the catabolic eff ects 

of diseases/conditions associated with 

muscle wasting (e.g. HIV infection) (6). 

With the ushering in of the mid-twen-

tieth century and the beginning of the 

sports era came a quest to maximize 

athletic performance through whatever 

means possible. Aside from traditional 

training techniques, AAS usage was seen 

by many as the ticket to being stron-

ger, running faster, and jumping higher. 

Th is was fi rst documented among Soviet 

weightlifting teams in the early 1950’s 

(21). Th e story is that the weightlift-

ing team physician for the U.S., Dr. 

John Ziegler, learned from a Soviet 

physician at the World Weightlifting 

Championships in Vienna in 1954 that 

the Soviet lifters were using testosterone 

to enhance performance (2,11). Over 

the next few years, Dr. Ziegler worked 

with Ciba Pharmaceutical Company to 

release the synthetic testosterone deriva-
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have yet to be elucidated. However, this 

hypertrophy seems to be more pro-

nounced in AAS users (1,6,9,11,16,22). 

It remains to be determined if the AAS 

exerts a direct eff ect on LVH, or if the 

increased volume and/or intensity of 

training that often accompanies AAS 

usage is the cause. Diastolic dysfunc-

tion has been observed in AAS users 

(5,6,22) as has increased septal wall 

thickness (5), LV mass and volume 

(5), and arrhythmias (6) so the associa-

tion with AAS and unfavorable cardiac 

adaptations appears to be more than just 

coincidence. Myocardial infarction (21), 

stroke (9,11,16), and sudden cardiac 

death (11,21) have also been linked to 

AAS usage. Brooks et al. (3) report that 

heart damage appears to be the biggest 

long-term risk of heavy steroid use. 

Use of AAS has been shown to have 

adverse eff ects on the vasculature as well. 

Specifi cally, high blood pressure (6,16), 

thrombosis (1,6), and endothelial dys-

function (1) have been reported in indi-

viduals using AAS. Interestingly, Alaraj 

et al. (1) report separate case studies in 

which two young healthy males, who 

had admittedly been using high dosages 

of AAS, suff ered spontaneous subdural 

haematomas (bleeding in/on the brain 

caused by hemorrhage). Th e authors 

speculate that AAS use was linked 

to vascular changes that predisposed 

these individuals to subdural haema-

toma (a very rare occurrence in young, 

healthy individuals), particularly during 

the intense Valsalva maneuvers which 

accompany heavy resistance training (1). 

Th e consequences of these pathologic 

changes in the cardiovascular system 

may be acute in the cases of stroke, sud-

den cardiac death, and subdural haema-

toma, or they may be more chronic and 

go unrealized for years until a serious or 

fatal cardiac event occurs as a result of 

having a negative cardiovascular profi le 

for many years.

Another “silent” side eff ect of ASS use 

that seems to be a bit more defi nitive 

in the literature is an unfavorable lipid 

profi le, specifi cally related to low density 

lipoprotein (LDL/bad cholesterol) and 

high density lipoprotein (HDL/good 

cholesterol). Th ere is a strong asso-

ciation with AAS use and high values of 

LDL cholesterol (7,8,11,13,16,17,21) 

in addition to low values of HDL cho-

lesterol (7-9,11,13,14,16,17,21). Low 

values of HDL (good) cholesterol and 

high values of LDL (bad) cholesterol are 

independent risk factors for heart/coro-

nary artery disease, so the long term neg-

ative eff ects of an unfavorable lipid pro-

fi le can not be dismissed. Interestingly, 

but perhaps not surprising, is that total 

cholesterol is reported to be unchanged 

by AAS use (11). Th is may be expected 

if the decrease in HDL is roughly equiv-

alent to the increase in LDL cholesterol. 

Although total cholesterol is not quite as 

simple as LDL + HDL, for the scope of 

this discussion that general relationship 

will be assumed. 

Eff ects of AAS on triglycerides are not 

as widely agreed upon as cholesterol 

and some sources indicate triglycerides 

are elevated (7) while others report no 

change (11). Brooks et al. (3) actually 

states that triglycerides (as well as LDL 

cholesterol) are lowered in response to 

AAS use, so additional investigation is 

warranted as triglycerides are an impor-

tant marker for cardiovascular disease 

risk along with cholesterol.

Th e liver often receives a great deal 

of attention when discussing potential 

harmful side eff ects of AAS use. Liver 

toxicity is a common fi nding in AAS 

users as identifi ed by increased liver 

enzymes (3,6,21). Extreme cases such 

as liver failure have been reported (6) 

as have other severe liver disorders like 

peliosis hepatic (presence in the liver of 

blood-fi lled cavities) (3), hepatocellular 

carcinoma (malignant liver tumor) (3) 

and other tumors (16), and cholestasis 

(a stoppage in the fl ow of bile due to 

an obstruction) (3). Jaundice is a side 

eff ect commonly associated with AAS 

(21) and is the result of liver toxicity 

with very identifi able symptoms includ-

ing a yellowish coloring or tint to the 

eyes, skin, and bodily fl uids. Renal 

complications have also been noted with 

AAS use, including kidney failure and 

Wilms’ tumor (a cancer of the kidney) 

which may be linked to the observation 

that AAS are weak carcinogens that can 

initiate tumor growth or promote such 

growth in the presence of other carcino-

gens (16).

Some of the most concerning (to AAS 

users) and visible side eff ects of AAS 

usage are psychological, reproductive, 

and dermatologic. Common psychiatric 

“…heart damage 

appears to be the 

biggest long-term 

risk of heavy steroid 

use.”
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eff ects are aggression, irritability, eupho-

ria, grandiose beliefs, hyperactivity, and 

dangerous/reckless behavior (9,10). 

Dependence is often developed and 

those who stop taking AAS frequently 

experience withdrawal symptoms like 

depression, fatigue, and cravings for 

the drugs (3). In men, the reproductive 

and endocrine eff ects result in reduced 

sperm and testosterone production, 

testicular atrophy (3), impotence, and 

prostate hypertrophy (6). Women may 

experience masculinizing eff ects such as 

hair growth on the face and body, deep-

ening of the voice, and baldness (3) as 

well as other eff ects like clitoral enlarge-

ment, menstrual irregularities, and 

reduced breast size (6). Both genders 

are at risk for libido changes, subfertility, 

and decreased luteinizing hormone and 

follicle-stimulating hormone (6). Th e 

dermatologic side eff ects include acne, 

oily skin, gynecomastia (in men), and 

striae (stretch marks) (6). Finally, the 

use of needles or syringes for injections 

presents the risk for bruising, infection, 

fi brosis, and neuro-vascular injury (6).

Deleterious side eff ects of AAS use on 

the musculoskeletal system certainly do 

not receive the same attention as the 

eff ects on the cardiovascular, metabolic, 

endocrine, and reproductive systems. 

Th e main negative eff ect seems to be 

related to the connective tissue of the 

musculoskeletal system, specifi cally ten-

don. Th e major function of tendon is 

the transmission of force from skeletal 

muscle to bone. It is well documented 

that AAS increase the size and strength 

of skeletal muscle. Th is change is more 

rapid than would be the case if no AAS 

were being used. Skeletal muscle is able 

to adapt in size and strength rather 

quickly, but tendons require much lon-

ger for adaptation to occur in mechani-

cal properties (elasticity, stiff ness, tensile 

strength, etc.) (12). If the mechani-

cal properties of a tendon have not 

adapted enough to eff ectively transmit 

the increased forces (as a result of AAS) 

generated by the contracting muscle, a 

rupture may occur (13,16). 

A rupture is simply a case of the weak-

est link of the chain breaking. Ruptures 

usually occur in one of two ways: 1) 

the tendon is torn from its insertion 

on the bone (tendon-bone) or 2) the 

tendon is torn out of the myotendinous 

junction (tendon-muscle). Ruptures in 

the middle of a muscle belly or in the 

middle of a tendon do also occur but 

they are much rarer and often are the 

result of an external trauma. It has also 

been demonstrated that AAS may exert 

a more direct and physiologic eff ect on 

tendons. Overall tendon strength has 

been shown to decrease due to dyspla-

sia (misalignment) of collagen fi brils 

within the tendon as a result of AAS 

usage (9,12,17). Th is decrease in tendon 

strength would predispose the tendon 

to rupture, particularly in the context of 

rapidly growing skeletal muscles. 

Aside from tendon, AAS usage also can 

have permanent eff ects on bone. Th e use 

of AAS at a young age promotes prema-

ture closure of epiphyseal growth plates 

in the long bones of the immature skel-

eton resulting in the cessation of vertical 

growth (3,7,16). Interestingly, it has 

been reported that young female gym-

nasts have used AAS not for the positive 

eff ects on strength and performance, but 

to artifi cially stunt their growth in an 

attempt to have a more advantageous 

body stature in terms of biomechanics 

as they age (3). 

One question that remains largely unan-

swered is the reversibility of the side 

eff ects of AAS upon cessation of use or 

whether or not the amount and dura-

tion of usage has anything to do with 

the degree of reversibility. In a study 

by Urhausen et al. (23), the authors 

conclude that “the alterations in cell 

counts, HDL cholesterol, liver function 

and most hormones of the pituitary-

testicular axis induced by a long-term 

abuse of AAS were reversible after stop-

ping medication for over one year.” No 

clear consensus has been reached at 

the present time related to the use of 

AAS (duration, dosages, forms etc.) and 

reversibility, or the potential for revers-

ibility, of deleterious side eff ects upon 

cessation of AAS use. 

Many of the authors of the referenced 

works in this article urge caution when 

interpreting the results of studies on 

AAS use. Th e main cautionary note is 

that controlled and well-designed pro-

spective studies of the eff ects of supra-

physiologic dosages are extremely rare in 

the literature. Most prospective studies 

involve the administration of AAS at 

levels comparable to those used in thera-

peutic applications for certain diseases 

and conditions due to ethical and safety 

considerations. It is highly unlikely that 

any institutional review board, ethical 

committee, or research institution will 

sanction the administration of AAS in 

excess of what has been deemed eff ec-

tive and relatively safe for therapeutic 

use. As a result, it is diffi  cult to make any 

fi rm conclusions related to the eff ects of 

AAS use based on these studies because 
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it is not uncommon for AAS users to 

take in excess of 10-100 times the rec-

ommended therapeutic dosages (19). 

Th erefore, much of the consensus on the 

eff ects of AAS use has been developed 

based on retrospective studies, anecdotal 

claims, and case studies. However, quite 

a bit of valuable information has been 

gathered from these types of studies, and 

while some may argue that nothing can 

be concluded from studies that are not 

prospective, double-blind, randomized, 

controlled, etc., it would seem fool-

ish not to respect the current thinking 

on the topic of AAS use and heed the 

advice of professionals in the medical 

and research fi elds, just based on com-

mon sense if nothing else. 
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