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Introduction
Sports participation is an incredibly popular activity worldwide. Winning often defines success, which 
can motivate athletes to use performance-enhancing drugs (PEDs) in hopes of gaining an advantage over 
their opponents. Over the past 20 years, use of PEDs by Olympic and professional athletes in the United 
States has prompted heavily publicized discussions of negative health effects and ethical implications of 
their use.1,2 It is estimated that . 1 million people in the United States use anabolic-androgenic steroids 
(AAS), with associated costs of . $100 million per year.3 A 1997 Sports Illustrated poll revealed that 
98% of current and aspiring Olympic athletes would take a banned PED if it guaranteed both winning 
their athletic event and no suspension for drug use. The poll also revealed that 50% would take the 
same substance if it would enhance their ability to win every competition for the next 5 years, but result 
in death.4 This “win-at-all-costs” mentality has supplanted traditional methods of physical training 
and proper nutrition. Although there is a long history of PED use among professional and Olympic 
athletes, these substances are no longer limited to elite athletes. There has been a significant increase 
in the use of AAS, steroid precursors, creatine, and nutritional supplements among adolescent athletes 
and nonathletes for both athletic and nonathletic purposes.1

Performance-enhancing drugs are defined by the American Academy of Pediatrics (AAP) as 
any substance taken in nonpharmacologic doses specifically for the purpose of improving sports 
performance through increased power, strength, speed, or endurance (ergogenic), or altered body 
weight or composition.5 Performance-enhancing drugs include AAS, hormone precursors, stimulants, 
human growth hormone (HGH), agents used to increase oxygen-carrying capacity, agents used for 
weight control and weight gain, and any substance known to limit detectability of other known PEDs. 
Nutritional supplements taken at supraphysiologic doses are also included in this category5 (Table 1). 
Although there are numerous substances used to increase one’s performance both on and off the playing 
field, this article focuses specifically on AAS use in adolescents.

Anabolic-Androgenic Steroids
Anabolic-androgenic steroids are synthetic derivatives of testosterone that are used for increasing fat-free 
muscle mass and strength.1 Steroid use is often seen in athletes participating in football, weightlifting, 
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baseball, and basketball to improve athletic performance and 
enhance strength, whereas use by nonathletes aims to improve 
appearance and build self-esteem.6–8 Anabolic-androgenic 
steroids act on the musculoskeletal system to influence 
lean body mass, muscle size and strength, and protein 
metabolism.9–13 Manufacturers modify the chemical structure 
of testosterone to maximize anabolic effects by delaying 
metabolism.14 Transported into the cell nucleus, steroids 
bind DNA, increasing RNA transcription, which enhances 
contractile and structural protein synthesis. Binding androgen 
receptors promotes a positive nitrogen balance in muscle and 
produces an anabolic state,15,16 leading to muscle hypertrophy 
and increased muscle strength.11,12 Exercise stimulates increased 
glucocorticoid release, which promotes breakdown of muscle 
glycogen for energy.15,17 Anabolic-androgenic steroids have an 
anticatabolic effect. Once steroids saturate androgen receptors, 
the remaining exogenous steroids competitively inhibit binding 
of catabolic glucocorticoids, thereby preserving muscle mass. 
By displacing cortisol from its receptors, steroids can prevent 
tissue breakdown, allowing athletes to exercise more frequently 
and at a higher intensity, with less muscle breakdown and 
soreness after strenuous training. Thus, athletes maintain 

more of their strength and conditioning gains.18 Additionally, 
steroids create a euphoric state and decrease fatigue, which 
enables prolongation of training sessions.2,15

Pattern of Use
Anabolic-androgenic steroids are available in both oral and 
injectable preparations, and are grouped into 3 main classes.19 
Class I is composed of testosterone esters (eg, testosterone 
propionate), which are injectable substances. Class II agents 
include nortestosterone derivatives (eg, nandrolone decanoate). 
Both Class I and II substances exert their effects at androgen 
and estrogen receptors via aromatization to estriol.20 Class III 
substances (those alkylated at C17) include oxymetholone, 
available in an oral preparation, as well as methandrostenolone 
and stanozolol, which are available in both oral and injectable 
preparations. Alkylation of these compounds slows the hepatic 
metabolism.21 Athletes will often take a combination of oral 
and injectable medications for 6- to 12-week cycles. Injectable 
drugs are favored because they are less hepatotoxic; however, 
they can be detected months after use. Oral steroids are 
eliminated over a period of days and are preferred when drug 
testing is anticipated.2,15,22

Table 1. Potential Benefits and Side Effects of Selected Performance Enhancing Drugs4,22,23

Substance Potential Benefits Potential Side Effects

Steroid hormone precursors  
(eg, androstenedione,  
dehydroepiandrosterone)

None proven Increased estrogen levels 
in boys
Possible androgenic effects

Creatine Increased strength
Weight gain
Improved performance in short 
anaerobic efforts

Muscle cramps
Dehydration
Gastrointestinal symptoms
Potential risk for renal toxicity

Stimulants (eg, caffeine, ephedra) Increased endurance Anxiety
Inability to focus
Insomnia
Irritability

Human growth hormone No proven effects on performance
Decreased subcutaneous fat

Hypertension
Coarsening facial features
Impaired glucose tolerance
Cardiovascular disease

Erythropoietin Increased endurance Thromboembolic events
Ischemic events
Hyperkalemia

Diuretics Weight loss
Enhanced muscle definition

Dehydration
Electrolyte imbalances

Nutritional supplements None proven Unregulated substances
Potential side effects vary
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The simultaneous use of multiple steroid preparations is 
referred to as “stacking” and is a common practice among AAS 
users. These users will often “pyramid” their drug regimen, 
which involves increasing the dose of a drug throughout a 
cycle. This pattern may lead to doses 10 to 40 times greater than 
those used for medical indications. The efficacy of “stacking” 
and “pyramiding” has yet to be proven; however, these practices 
maximize steroid receptor binding and minimize toxic side 
effects.2,15,22,23 Tamoxifen and anti-aromatase drugs are used 
to prevent or decrease gynecomastia by limiting estrogenic 
effects and metabolism of excess testosterone derivatives to 
estradiol.24

Clinical Uses of AAS
Steroids have been used in clinical practice since the 1940s 
to treat trauma, burns, extensive surgery, radiation therapy, 
and chronic debilitating illnesses.20,25,26 Anemia was histori-
cally treated with steroids before the advent of bone marrow 
transplantation and erythropoietin.2 Steroids can also be 
used for short stature in Turner’s syndrome or constitutional 
growth and puberty delay.2 Hereditary angioedema, palliation 
therapy in advanced breast cancer, and replacement therapy 
in hypogonadal men are among other conditions treated with 
steroids.18 Since 1985, the clinical use of steroids has increased 
400%, mostly because of the management of acquired immune 
deficiency syndrome (AIDS)-associated wasting syndrome.2

Side Effects
Despite routine steroid use in clinical practice, their desired 
effect on specific areas of the body portends potential 
adverse effects on several organ systems (Table 2). Anabolic-
androgenic steroids can lead to transient elevations in liver 
enzymes (aspartate aminotransferase [AST], alanine amino-
transferase [ALT], and lactate dehydrogenase [LDH]) and 
subsequent liver toxicity. Liver function tests peak within 2 to 
3 weeks of consumption and return to baseline within several 
weeks of discontinuation.27 Aspartate aminotransferase, ALT, 
and LDH are present in both the liver and skeletal muscle. 
A study by Pettersson et al28 in 2008 illustrated that intense 
muscular exercise can cause an asymptomatic elevation in 
routine liver function tests due to muscle damage alone. 
Therefore, it may be more useful to measure γ-glutamyl 
transaminase in patients suspected of using AAS because this 
enzyme is found exclusively in the liver.28 Hepatocellular 
adenomas are associated with high-dose steroids, long periods 

of administration, and in steroid users with predisposing 
medical conditions,17,27,29 and must be identified early because 
of the potential for malignant transformation.30

Anabolic-androgenic steroids affect the serum lipid 
profile, leading to increased total cholesterol and decreased 
high-density lipoprotein. Anabolic-androgenic steroids have 
also been associated with, and believed to cause, thrombotic 
events, including stroke and myocardial infarction.30,31 Long-
term AAS use may lead to cardiac dysfunction severe enough 
to cause heart failure.32 Anabolic-androgenic steroid abuse 
also has been associated with development of focal segmental 
glomerulosclerosis and proteinuria.33

In men, AAS provide feedback inhibition of luteinizing 
hormone and follicle-stimulating hormone, which decreases 
endogenous testosterone production and subsequently 

Table 2. Adverse Effects of Anabolic-Androgenic Steroids4,19

System Effects

Cardiovascular Increased total cholesterol
Increased low-density lipoprotein
Decreased high-density lipoprotein
Hypertension
Myocardial ischemia
Cerebrovascular accidents

Male reproductive Abnormal spermatogenesis
Impotence
Testicular atrophy
Gynecomastia
Priapism
Prostatic hypertrophy
Prostate cancer

Female reproductive Menstrual irregularities
Hirsutism
Clitoromegaly (irreversible)
Deepening voice (irreversible)
Male-pattern baldness
Uterine atrophy
Breast atrophy

Musculoskeletal Premature physeal arrest
Increased risk of tendon or muscle injury

Liver Elevated liver function tests
Hepatocellular carcinoma
Hepatoadenoma

Skin Acne
Striae

Psychological Mood swings
Aggressive behavior
Depression
Addiction
Withdrawal
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leads to decreased spermatogenesis and testicular atrophy, a 
condition known as anabolic steroid-induced hypogonadism.34 
Gynecomastia also occurs frequently in men taking AAS because 
of the peripheral conversion of androgens to estradiol and 
estrone. Women taking AAS often suffer masculinizing effects, 
including hirsutism, acne, deepening of the voice, male-pattern 
baldness, and clitoral hypertrophy. These androgenic effects may 
be irreversible.15,22,30

Anabolic-androgenic steroid use in adolescents may lead 
to premature physeal closure and ultimately decreased adult 
height.15,35 Experimental evidence has demonstrated that 
steroid use combined with intense exercise can cause structural 
and biomechanical alterations of tendons, leading to rupture. 
Collagen fibril alignment is disorganized, and when muscle 
strength is increased with steroids, tendons becomes stiffer, 
absorb less energy, and are more likely to fail during physical 
activity.36,37

Men and women using AAS experience mental and 
behavioral changes, including irritability, aggressiveness, 
euphoria, depression, mood swings, altered libido, and 
psychosis.15 Pope and Katz38 studied weightlifters using steroids 
and found that 23% of steroid users experienced major mood 
changes of mania, hypomania, or major depression, as well as 
aggressive behavior resulting in fights, domestic disturbances, 
assaults, and arrests. Data from the National Household Survey 
on Drug Abuse showed a strong association between steroid 
use and self-acknowledged acts of violence against people 
and crimes against property.39 Behavioral effects are variable 
and are related to the type and dose of steroids. There is the 
potential for dependence on steroids. In 1 series, 50% of steroid 
users met the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM-IV) definition for depen-
dence or abuse of steroids.40,41 Discontinuing steroid use may 
cause an acute anabolic steroid withdrawal, with symptoms 
of noradrenergic hyperactivity, such as anxiety, irritability, 
insomnia, hot flashes, sweats, chills, anorexia, myalgias, nau-
sea, vomiting, piloerection, tachycardia, and hypertension.15,42

AAS Use Among Adolescents
The AAP strongly condemns the use of PEDs and endorses 
efforts to eliminate their use among children and adolescents. 
The policy statement issued by the AAP conveys 3 main 
points: 1) the intentional use of any substance for performance 
enhancement is unfair and, therefore, morally and ethically 
indefensible; 2) the use of any substance for the purpose of 

enhancing sports performance, including over-the-counter 
supplements, the composition and quality of which are not 
under federal regulation, may pose significant health risk to the 
young person; and 3) the use and promotion of PEDs tend to 
devalue the principles of a balanced diet, good coaching, and 
sound physical training.5 A 2007 youth athlete survey reported 
that 17% of boys and 10% of girls disagreed with the statement 
“No athlete should use PEDs because it’s unhealthy.”43 Similarly, 
15% of boys and 11% of girls disagreed with the statement “No 
athlete should use PEDs because it’s cheating.”43 Unfortunately, 
as perceived by adolescent athletes, the potential for success 
in sports often outweighs the prospects for serious medical 
complications from the use of PEDs.5

The first published report of AAS use in an adolescent was 
in 1959 by a high school football player,44 and the rate of use 
continues to increase. Self-reported adolescent steroid use has 
been as high as 11% for males and 2.5% for females, with a 
significant portion composed of athletes in nonschool sports 
and nonathletes.15 Buckley et al6 surveyed 3403 male twelfth 
grade students from US high schools and found that 6.6% 
of the participants used or had used AAS. In a study of 6903 
high school students in Denver, CO, Tanner et al45 reported 
overall steroid use of 3% (greater reported use in boys com-
pared with girls, 4% and 1%, respectively). In a survey of 4722 
students from 62 elementary schools, Scott et al8 found that 
3% reported steroid use in the past 30 days, with boys using 
more than girls (5% and 1%, respectively). Faigenbaum et al46 
reported on steroid use among 965 middle school students 
aged between 9 and 13 years, and found that nearly 3% of 
children used steroids. In 1999, Stilger and Yesalis47 surveyed 
1325 varsity football players from 27 high schools in Indiana 
and reported a user rate of 6%.

This trend is mirrored nationally. The Monitoring the 
Future Study48 is examining the largest nationwide cohort, 
consisting of nearly 50 000 students. As of 2004, this ongoing 
study indicated 1.3%, 2.3%, and 3.3% annual prevalence rates of 
male steroid users in eighth, tenth, and twelfth grades, respec-
tively. It also revealed that girls in twelfth grade had a 1.7% user 
rate.48 The Youth Risk and Behavior Surveillance System evalu-
ated the presence of AAS use among ninth to twelfth graders 
from 1991 to 2005.49 This study surveyed between 10 904 and 
16 262 students from across the United States annually, reveal-
ing prevalence rates for lifetime use of AAS ranged from 2.2% 
in 1993 to 6.1% in 2003 (boys . girls). Similarly, the National 
Household Survey on Drug Abuse50 surveyed between 4678 
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and 8005 adolescents aged 12 to 17 years nationwide from 
1991 to 1994, and assessed lifetime use of AAS. The study 
found that prevalence rates of lifetime use ranged from 0.2% 
in 1993 to 0.6% in 1991, with rates consistently higher among 
boys than girls. The lower prevalence compared with the 
previous 2 studies is likely due to a broader age range of the 
sample group studied.

Studies have also shown that steroid use among adoles-
cents is significantly associated with previous use of cocaine, 
injectable drugs, alcohol, marijuana, shared needles, and 
smokeless tobacco.15,51 In 2007, Elliot et  al52 reviewed data 
from the 2003 Youth Risk and Behavior Surveillance System to 
examine the characteristics of girls reporting anabolic steroid 
use. They found that adolescent girls reporting steroid use had 
a significantly increased rate of using cigarettes, alcohol, and 
marijuana, and were more likely to report a history of being 
pregnant.

The contradictory nature of the results reported in these 
studies may be readily explained by the ambiguity of questions 
related to steroid use. Often, these questions do not specify 
AAS use as opposed to corticosteroids. A study by Kanayama 
et al53 in 2007 reviewed 4 large national surveys and several 
smaller surveys and found that the imprecise nature of 
questions on steroids has led to a significantly overestimated 
lifetime prevalence of AAS among teenage girls. Their analysis 
revealed a lifetime prevalence of 0.5% and perhaps even as low 
as 0.1% among teenage girls.53

Identification of Adolescents Using AAS
Adolescents using AAS are more likely to be male athletes 
involved in sports that demand a high level of strength, power, 
size, and speed. However, 30% to 40% of adolescent steroid 
users do not participate in school-sponsored sports, and 
are instead focused on body image.1 Knowing or accepting 
teammates, competitors, or other athletes who use these sub-
stances, or believing that use is widespread may increase the 
likelihood of using.46 Adolescents who sense pressure from 
parents, coaches, or teammates to succeed in athletics and who 
believe their self-worth is defined by sports performance are 
at high risk of using AAS.23

Physicians may notice gains in lean body mass and muscle 
bulk and behavioral changes (eg, increased aggressiveness) in 
adolescents using AAS. Unfortunately, most young people who 
use AAS are not easily identifiable. All adolescents should be 
asked about the use of AAS while assessing for other high-

risk behaviors as part of every adolescent health maintenance 
visit and preparticipation sports physical. On admission 
of steroid use, patients should be provided with unbiased 
medical information on the risks, benefits, and known adverse 
effects associated with AAS. Physicians should explore the 
patient’s motivation for using steroids and provide counsel-
ing on safer alternatives for meeting performance goals. It 
is important to understand the adolescent’s perspective and 
have a balanced discussion on the risks and benefits of steroid 
use rather than employ scare tactics.5 Encouraging an open 
line of communication will make the adolescent less likely to 
withhold important information that may adversely affect his 
or her health. In general, adolescents are more inclined to share 
sensitive information with the physician in the absence of their 
parents. However, parents should receive general information 
about outward physical and behavioral changes associated 
with AAS use and be encouraged to contact the physician with 
any concerns. A strong relationship between the physician 
and parents provides the best means of effectively caring for 
adolescents and minimizing the potential for AAS use.5,15,23

Safe Alternatives for Meeting 
Performance Goals
Strength training is a popular and rapidly evolving method 
of enhancing athletic performance.54 It was initially limited 
to sports that were thought to require strength for optimal 
performance, but it is now included in nearly all sports 
activities. Strength training can be used to improve sports 
performance and prevent injuries, rehabilitate injuries, and/
or enhance long-term health. It has a beneficial effect on 
cardiovascular fitness, body composition, bone mineral 
density, blood lipid profiles, and mental health.55

Although adult athletes often participate in some form of 
strength training to enhance performance, endurance, and 
decrease the risk of injury, the role of strength training in 
children has been a topic of considerable debate54,56,57 because 
of 3 misconceptions. First, prepubescent athletes cannot benefit 
from strength training because of insufficient circulating levels 
of androgens.58 Current evidence indicates that a properly 
planned and supervised training program will promote 
strength gain in young athletes.59 Second, athletes participating 
in strength training lose both flexibility and range of motion 
necessary for optimal performance in their sport.59 Third, 
strength training is dangerous and exposes young athletes 
to an unnecessary risk of injury.59 Studies reveal injuries in 
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children from strength training range from 7% to 40%, similar 
to those associated with other sports or recreational activities.54 
Of these injuries, 75% were strains,59–61 which commonly occur 
on home equipment where adolescents are unsupervised.55 
Resistance training leads to significant gains in strength in 
the prepubescent child, not related to muscle hypertrophy, but 
rather to neural adaptations, motor coordination, and intrinsic 
muscular adaptations.62,63

The AAP issued a policy statement on strength training in 
adolescents, suggesting it as an adjunct to exercise and sports 
participation. For gains in strength, workouts with proper 
technique and strict supervision should be 20 to 30 minutes 
long, 2 to 3 times per week, and continue to add weight or 
repetitions as strength improves.55 Although studies have not 
demonstrated enhanced performance with strength training, 
anecdotal evidence supports its efficacy.

Prevention of AAS Use in Adolescents
Although open dialogue between the physician and adolescent 
patient regarding AAS use is beneficial, drug testing and 
educational programs remain the most commonly employed 
modalities for prevention of AAS use in adolescents. Drug 
testing is largely punitive, with positive tests imposing 
significant penalties, including loss of playing privileges, 
removal of rewards or championships from the entire team, 
loss of scholarships, or restrictions on future regular season or 
postseason play. These are intended to be deterrents, but have 
little effect on most children and adolescents.5

Drug and alcohol testing in high school athletes has been 
identified as a possible way to prevent, identify, and treat 
substance use.64–67 In 1995, the US Supreme Court legalized 
drug testing among adolescent athletes engaged in school-
sponsored sports,68 expanding in 2002 to students involved 
in all extracurricular school-based activities.69 In 2003, 
the National Federation of State High School Associations 
indicated that 13% of schools tested athletes, 29% of which 
tested for steroids. The limited testing is due to financial 
constraints, with each test costing $120.2,70 The June 2008 issue 
of AAOS Now71 highlighted key features of high school steroid 
screening programs in New Jersey, Texas, Illinois, and Florida. 
These programs are in their infancy, test only a small sample of 
high school athletes, and mandate suspensions, ranging from 
30 days to 1 year, for a positive result.71

The American Academy of Orthopaedic Surgeons (AAOS) 
takes a strong stand against the use of PEDs to improve athletic 

performance. The Code of Medical Ethics and Professionalism 
for Orthopaedic Surgeons states that “it is unethical to prescribe 
controlled substances when they are not medically indicated. 
It is also unethical to prescribe substances for the sole purpose 
of enhancing athletic performance.”72 The AAOS believes that 
anabolic steroids and their precursors should not be used to 
enhance performance or appearance and should be banned 
from all sports programs. To deter and detect drug use, the 
AAOS suggests that aggressive drug testing programs be imple-
mented, and harsh penalties be imposed for positive results.72

There are numerous methods to avoid a positive result. 
Titrating doses with newer transdermal delivery systems of 
testosterone, or discontinuation of use before a scheduled test 
can maintain levels below testing threshold.73,74 Urine drug 
testing is limited because a negative test does not mean that a 
person is not using drugs, rather that the test did not detect a 
specific drug. Additionally, diuretics have been used to decrease 
urinary concentration of prohibited drugs.75 Unfortunately, 
the prohibitive cost of testing and deficiencies associated with 
detection make it unlikely that widespread testing of adolescents 
and children will be effective or practical.5,71

Educational programs address social, media, and peer 
influences that perpetuate adolescent steroid use as a means 
of becoming a successful athlete. Physician dissemination 
of accurate information to parents, coaches, and school 
administrators is essential toward creating an intervention 
program.2 The Adolescent Training and Learning to Avoid 
Steroids (ATLAS) program serves as the model for deterring 
steroid use among high school athletes. ATLAS set out with 
a goal of reducing the risk factors that encourage the use of 
AAS and other drugs by using the athletic team as a means 
of deterring drug use, while at the same time promoting 
healthy nutrition and exercise as alternatives. The program 
consisted of ten 45-minute interactive classroom sessions 
and 3 exercise sessions regarding sports nutrition, exercise 
alternatives, effects of substance abuse in sports, drug refusal 
role-playing, and creation of health promotion messages. 
The sessions were delivered over a 7-week period by coaches 
and athlete team leaders.3 Combining drug education with 
personal skills, athletes learned to resist social influences 
promoting the use of steroids. Compared with a cohort 
receiving only brochures with similar information, athletes 
in the intervention group had a better understanding of the 
consequences of steroid use, were more skeptical about ste-
roid promotion, and had improved drug refusal skills.22,76,77
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Similarly, Athletes Targeting Healthy Exercise and 
Nutrition (ATHENA) was a school-based, team-centered 
prevention program for female athletes on sports, dance, 
and cheer teams.78 Consisting of eight 45-minute sessions 
integrated into the athlete’s sport training activities, it aimed 
to reduce eating disorders and the use of diet pills and other 
supplements, while promoting healthy nutrition and exercise. 
The intervention resulted in a significant improvement in 
healthy activities, including a reduction in the use of diet pills, 
amphetamines, AAS, supplements, and alcohol.78

Implementation of educational programs requires a 
significant amount of effort; however, ATLAS and ATHENA 
have proven this effort to be worthwhile, as these programs 
were extremely effective in deterring use of AAS and other 
harmful substances. Incorporating these programs into the 
adolescent’s daily activities is more likely to be effective at 
deterring AAS use than urine drug testing, which is costly and 
associated with numerous deficiencies in detection.

Conclusion
Physicians treating young athletes must search for signs 
and symptoms of AAS use and intervene. Communication 
with athletes regarding substance use to enhance athletic 
performance is critical. It is important to be clear that the 
aspiration is to help young athletes, not report them to 
authorities.79 Physicians caring for these athletes should be 
educated about the substances abused, as well as their risks 
and benefits. Although numerous PEDs are available, we only 
have substantial information on the effects and side effects of 
AAS. Unfortunately, there is currently no cost-effective way 
of identifying adolescents who use AAS. Based on a thorough 
review of the literature, extensive educational programs such 
as ATLAS or ATHENA3,78 seem to be the most effective means 
of preventing steroid use among adolescents.

The increasingly competitive environment in adolescent 
sports requires coaches to understand the influence that AAS 
have on young athletes. Continued education of parents, 
coaches, and physicians will equip them to inform adolescents, 
dissuade them from future use, provide viable alternatives, 
and transition from a “win-at-all-costs” mentality to one of 
fair and honest competition.

Conflict of Interest Statement
Mary K. Mulcahey, MD, Jonathan R. Schiller, MD, and 
Michael J. Hulstyn, MD disclose no conflicts of interest.

References
 1. Castillo EM, Comstock RD. Prevalence of use of performance-enhancing 

substances among United States adolescents. Pediatr Clin North Am. 
2007;54(4):663–675.

 2. Kerr JM, Congeni JA. Anabolic-androgenic steroids: use and abuse in 
pediatric patients. Pediatr Clin North Am. 2007;54(4):771–785.

 3. Goldberg L, Elliot DL, Clarke GN, et al. The Adolescents Training and 
Learning to Avoid Steroids (ATLAS) prevention program. Background 
and results of a model intervention. Arch Pediatr Adolesc Med. 
1996;150(7):713–721.

 4. Silver MD. Use of ergogenic aids by athletes. J Am Acad Orthop Surg. 
2001;9(1):61–70.

 5. Gomez J; American Academy of Pediatrics Committee on Sports Medicine 
and Fitness. Use of performance-enhancing substances. Pediatrics. 
2005;115(4):1103–1106.

 6. Buckley WE, Yesalis CE 3rd, Friedl KE, Anderson WA, Streit AL, 
Wright JE. Estimated prevalence of anabolic steroid use among male high 
school seniors. JAMA. 1988;260(23):3441–3445.

 7. Radakovich J, Broderick P, Pickell G. Rate of anabolic-androgenic 
steroid use among students in junior high school. J Am Board Fam Pract. 
1993;6(4):341–345.

 8. Scott DM, Wagner JC, Barlow TW. Anabolic steroid use among adolescents 
in Nebraska schools. Am J Health Syst Pharm. 1996;53(17):2068–2072.

 9. Bhasin S, Storer TW, Berman N, et al. The effects of supraphysiologic 
doses of testosterone on muscle size and strength in normal men. N Engl 
J Med. 1996;335(1):1–7.

10. Bhasin S, Woodhouse L, Casaburi R, et al. Testosterone dose-response 
relationships in healthy young men. Am J Physiol Endocrinol Metab. 
2001;281(6):E1172–E1181.

11. Ferrando AA, Tipton KD, Doyle D, Phillips SM, Cortiella J, Wolfe RR. 
Testosterone injection stimulates net protein synthesis but not tissue 
amino acid transport. Am J Physiol. 1998;275(5 pt 1):E864–E871.

12. Sheffield-Moore M, Urban RJ, Wolf SE, et al. Short-term oxandrolone 
administration stimulates net muscle protein synthesis in young men. 
J Clin Endocrinol Metab. 1999;84(8):2705–2711.

13. Sinha-Hikim I, Artaza J, Woodhouse L, et  al. Testosterone-induced 
increase in muscle size in healthy young men is associated with muscle fiber 
hypertrophy. Am J Physiol Endocrinol Metab. 2002;283(1):E154–E164.

14. Tokish JM, Kocher MS, Hawkins RJ. Ergogenic aids: a review of basic 
science, performance, side effects, and status in sports. Am J Sports Med. 
2004;32(6):1543–1553.

15. Adolescents and anabolic steroids: a subject review. American Academy 
of Pediatrics. Committee on Sports Medicine and Fitness. Pediatrics. 
1997;99(6):904–908.

16. Wilson J. Androgens. In: Hardman J, Limbird LE, eds. Goodman and 
Gilman’s the Pharmacological Basis of Therapeutics. New York, NY: 
McGraw-Hill; 1996:1441–1457.

17. Haupt HA, Rovere GD. Anabolic steroids: a review of the literature. Am 
J Sports Med. 1984;12(6):469–484.

18. Laos C, Metzl JD. Performance-enhancing drug use in young athletes. 
Adolesc Med Clin. 2006;17(3):719–731.

19. Henderson LP, Penatti CA, Jones BL, Yang P, Clark AS. Anabolic 
androgenic steroids and forebrain GABAergic transmission. Neuroscience 
2006;138(3):793–799.

20. Winters S. Androgens and anti-androgens. In: Brody TM, Larner J, 
Minneman KP, eds. Human Pharmacology: Molecular to Clinical. 3rd ed. 
St. Louis, MO: C.V. Mosby; 1998:519–531.

21. Basaria S, Wahlstrom JT, Dobs AS. Clinical review 138: anabolic-
androgenic steroid therapy in the treatment of chronic diseases. J Clin 
Endocrinol Metab. 2001;86(11):5108–5117.

22. Calfee R, Fadale P. Popular ergogenic drugs and supplements in young 
athletes. Pediatrics. 2006;117(3):e577–e589.



Mulcahey et al

clinical features

112 © THE PHYSICIAN AND SPORTSMEDICINE • ISSN – 0091-3847, October 2010, No. 3, Volume 38

23. Holland-Hall C. Performance-enhancing substances: is your adolescent 
patient using? Pediatr Clin North Am. 2007;54(4):651–662, ix.

24. Parkinson AB, Evans NA. Anabolic androgenic steroids: a survey of 500 
users. Med Sci Sports Exerc. 2006;38(4):644–651.

25. Griffin J, Wilson JD. Disorders of the testes and male reproductive tract. 
In: Wilson JD, Foster, DW, Kronenberg, HM, eds. Williams Textbook of 
Endocrinology. Philadelphia, PA: Saunders; 1998:839–876.

26. Rosenfield R. Role of androgens in growth and development of the fetus, 
child and adolescent. Adv Pediatr. 1972;19:171–213.

27. Ishak KG, Zimmerman HJ. Hepatotoxic effects of the anabolic/androgenic 
steroids. Semin Liver Dis. 1987;7(3):230–236.

28. Pettersson J, Hindorf U, Persson P, et al. Muscular exercise can cause highly 
pathological liver function tests in healthy men. Br J Clin Pharmacol. 
2008;65(2):253–259.

29. Haupt HA. Anabolic steroids and growth hormone. Am J Sports Med. 
1993;21(3):468–474.

30. Hickson RC, Ball KL, Falduto MT. Adverse effects of anabolic steroids. 
Med Toxicol Adverse Drug Exp. 1989;4(4):254–271.

31. Riebe D, Fernhall B, Thompson PD. The blood pressure response to exer-
cise in anabolic steroid users. Med Sci Sports Exerc. 1992;24(6):633–637.

32. Baggish AL, Weiner RB, Kanayama G, et al. Long-term anabolic-androgenic 
steroid use is associated with left ventricular dysfunction. Circ Heart Fail. 
2010;3(4):472–476.

33. Herlitz LC, Markowitz GS, Farris AB, et al. Development of focal segmental 
glomerulosclerosis after anabolic steroid abuse. J Am Soc Nephrol. 
2009;21(1):163–172.

34. Tan RS, Scally MC. Anabolic steroid-induced hypogonadism—towards 
a unified hypothesis of anabolic steroid action. Med Hypotheses. 
2009;72(6):723–728.

35. Rogol AD, Yesalis CE 3rd. Anabolic-androgenic steroids and the 
adolescent. Pediatr Ann. 1992;21(3):175,183,186–188.

36. Michna H. Tendon injuries induced by exercise and anabolic steroids in 
experimental mice. Int Orthop. 1987;11(2):157–162.

37. Miles JW, Grana WA, Egle D, Min KW, Chitwood J. The effect of anabolic 
steroids on the biomechanical and histological properties of rat tendon. 
J Bone Joint Surg Am. 1992;74(3):411–422.

38. Pope HG Jr, Katz DL. Psychiatric and medical effects of anabolic-androgenic 
steroid use. A controlled study of 160 athletes. Arch Gen Psychiatry. 
1994;51(5):375–382.

39. Yesalis CE, Kennedy NJ, Kopstein AN, Bahrke MS. Anabolic-androgenic 
steroid use in the United States. JAMA. 1993;270(10):1217–1221.

40. Kanayama G, Brower KJ, Wood RI, Hudson JI, Pope HG Jr. Anabolic-
androgenic steroid dependence: an emerging disorder. Addiction. 
2009;104(12):1966–1978.

41. Brower KJ. Anabolic steroid abuse and dependence in clinical practice. 
Phys Sportsmed. 2009;37(4):131–140.

42. Kashkin KB, Kleber HD. Hooked on hormones? An anabolic steroid 
addiction hypothesis. JAMA. 1989;262(22):3166–3170.

43. Josephson Institute. Survey of high school athletes: 2006. http://
josephsoninstitute.org/sports/programs/survey/index.html. Accessed 
September 2, 2010.

44. Sturmi JE, Diorio DJ. Anabolic agents. Clin Sports Med. 1998:17(2):261–
282.

45. Tanner SM, Miller DW, Alongi C. Anabolic steroid use by adolescents: 
prevalence, motives, and knowledge of risks. Clin J Sport Med. 1995;5(2):
108–115.

46. Faigenbaum AD, Zaichkowsky LD, Gardner DE, Micheli LJ. Anabolic 
steroid use by male and female middle school students. Pediatrics. 
1998;101(5):E6.

47. Stilger VG, Yesalis CE. Anabolic-androgenic steroid use among high 
school football players. J Community Health. 1999;24(2):131–145.

48. United States Department of Health and Human Services. Publications. 
http://monitoringthefuture.org/pubs.html. Accessed September 20, 2010.

49. Youth Online: High School YRBS. Centers for Disease Control and 
Prevention. http://apps.nccd.cdc.gov/yrbss. Accessed September 14, 2010.

50. National Household Survey on Drug Abuse. Substance and Mental Health 
Services Administration. Publications (ADM) 92-1887, (SMA) 93-2053, 
(SMA) 94-3017, and (SMA) 95-3063. Population estimates 1992–1994.

51. Skarberg K, Nyberg F, Engstrom I. Multisubstance use as a feature of 
addiction to anabolic-androgenic steroids. Eur Addict Res. 2009;15(2):
99–106.

52. Elliot DL, Cheong J, Moe EL, Goldberg L. Cross-sectional study of 
female students reporting anabolic steroid use. Arch Pediatr Adolesc Med. 
2007;161(6):572–577.

53. Kanayama G, Boynes M, Hudson JI, Field AE, Pope HG Jr. Anabolic 
steroid abuse among teenage girls: an illusory problem? Drug Alcohol 
Depend. 2007;88(2–3):156–162.

54. Faigenbaum A, Bradley DF. Strength training for the young athlete. Orthop 
Phys Ther Clin North Am. 1998;7:1059–1516.

55. McCambridge TM, Stricker PR; American Academy of Pediatrics Council 
on Sports Medicine and Fitness. Strength training by children and 
adolescents. Pediatrics. 2008;121(4):835–840.

56. Faigenbaum A, Kraemer WJ, Cahill B, et al. Youth resistance training: posi-
tion statement paper and literature review. Strength Cond. 1996;18:62–76.

57. Falk B, Tenenbaum G. The effectiveness of resistance training in children. 
A meta-analysis. Sports Med. 1996;22(3):176–186.

58. American Academy of Pediatrics. Weight training and weight lifting: 
information for the pediatrician. Phys Sportsmed. 1983;11:157–161.

59. Guy JA, Micheli LJ. Strength training for children and adolescents. J Am 
Acad Orthop Surg. 2001;9(1):29–36.

60. Brown EW, Kimball RG. Medical history associated with adolescent 
powerlifting. Pediatrics. 1983;72(5):636–644.

61. Risser WL, Risser JM, Preston D. Weight-training injuries in adolescents. 
Am J Dis Child. 1990;144(9):1015–1017.

62. Ozmun JC, Mikesky AE, Surburg PR. Neuromuscular adaptations 
following prepubescent strength training. Med Sci Sports Exerc. 1994;26(4):
510–514.

63. Ramsay JA, Blimkie CJ, Smith K, Garner S, MacDougall JD, Sale DG. 
Strength training effects in prepubescent boys. Med Sci Sports Exerc. 
1990;22(5):605–614.

64. Ferstle J. Evolution and politics of drug testing. In: Yesalis C, ed. Anabolic 
Steroids in Sport and Exercise. Champaign, IL: Human Kinetics; 1992.

65. Office of National Drug Control Policy. Drug Testing in Schools: Executive 
Office of the President of the United States; 2002: 1–16.

66. US Department of Education. School-based drug testing programs http://
www.ed.gov/programs/drugtesting/index.html. Accessed September 14, 
2010.

67. Yamaguchi R, Johnston LD, O’Malley PM. Relationship between 
student illicit drug use and school drug-testing policies. J School Health. 
2003;73(4):159–164.

68. Vernonia School District 47 v Acton: 15 S Ct 2386 (1995).
69. Board of Education v Earls, 536 US 822 (2002).
70. Drug Policy. Making sense of student drug testing. http://www.drugpolicy.

org/docUploads/drug_testing_booklet.pdf. Accessed September 25, 2010.
71. Schafer M, Porucznik MA. “If you’re not cheating, you’re not trying”. 

AAOS Now. 2008;2(6):1, 10–11.
72. AAOS Position Statement: Anabolic Steroids to Enhance Athletic 

Performance. http://www.aaos.org/about/papers/position/1102.asp. 
Accessed November 26, 2008.

73. Yesalis C, Bahrke M, Kopstein A, et al. Incidence of anabolic steroid use: 
a discussion of methodological issues. In: Yesalis C, ed. Anabolic Steroids 
in Sport and Exercise. 2nd ed. Champaign, IL: Human Kinetics Publishers; 
2000:74–106.

74. Yesalis CE, Bahrke MS. Doping among adolescent athletes. Baillieres Best 
Pract Res Clin Endocrinol Metab. 2000;14(1):25–35.

75. Bowers LD. Athletic drug testing. Clin Sports Med. 1998;17(2):299–318.



Anabolic Steroid Use in Adolescents

clinical features

© THE PHYSICIAN AND SPORTSMEDICINE • ISSN – 0091-3847, October 2010, No. 3, Volume 38 113

76. Goldberg L, Elliot D, Clarke GN, et  al. Effects of a multidimensional 
anabolic steroid prevention intervention. The Adolescents Training and 
Learning to Avoid Steroids (ATLAS) Program. JAMA. 1996;276(19):
1555–1562.

77. Goldberg L, MacKinnon D, Elliot D, Moe EL, Clarke G, Cheong J. 
Preventing drug use and promoting health behaviors among adolescents: 
results of the ATLAS program. Arch Pediatr Adolesc Med. 2000;154:
332–338.

78. Elliot DL, Goldberg L, Moe EL, Defrancesco CA, Durham MB, 
Hix-Small H. Preventing substance use and disordered eating: initial 
outcomes of the ATHENA (athletes targeting healthy exercise and nutrition 
alternatives) program. Arch Pediatr Adolesc Med. 2004;158(11):1043–1049.

79. Hayashi A. PED use: Legal, natural, and deadly. AAOS Now. 2008;2(10):
22–23.

View publication stats

https://www.researchgate.net/publication/47500271



