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Aims

Discussion on the efficacy and safety of hormones as 
performance-enhancing drugs

Identification of men and women that use anabolic 
steroids and complain of other clinical problems
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Questions

Efficacy: Does the use of anabolic steroids increase 
athletic performance?

Safety: Is the use of anabolic steroids dangerous?



Identical approaches

Pharmaceutical industry: Efficacy and safety

Physician: Efficacy and safety 

Patient: Efficacy and safety



Different approaches

Trainer and athlete: Increase of athletic performance

Physician: Safety of athlete - patient

Public: Information on use and potential harm

Press: Presentation of doping cases



Baseline characteristics

Providers: Legitimate pharmaceutical company, strict 
legislation 

Co-administration: Other substances, characterized as 
drugs

Use: Controlled use (route, dosage, amount)

Physician: Sufficient knowledge of drug effect and 
safety, evidence from trials



Special characteristics

Providers: Not health professionals - fellow athlete, 
trainer, sport magazine, Internet 

Co-administration: Human chorionic gonadotropin 
(hCG), aromatase inhibitor, estrogen-receptor 
antagonist, masking agents

Use: Intermittent use

Physician: No information of use, insufficient knowledge 
of drug effect and safety, lack of trials
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Prevalence: elite athletes

United States Anti-Doping Agency (USADA): 12756
screening tests in Olympics Games: 137 possible cases 
- prevalence: 1%.

From 26 member of US Weight-Lifting National Team, 
10 admitted use of anabolic steroids, and 5 declared 
that they were able to by-pass the screening procedure 
of International Olympic Committee - prevalence: 38%

Curry LA, et al. Percept Mot Skills 88:224, 1999

https://www.usada.org/about/annual-report/2016_annual_report.pdf



Opinions

When it comes to doping in international competition, it 
is very likely that almost “everyone's doing it” 

We should stop trying to catch the cheats, and allow 
athletes to use whatever substances they like, as they 
are only harming themselves 

Wood RI, et al. Horm Behav 61:147;2012

Walsh LA. Ballantine Books, 2007



Prevalence: adolescence

Study the Center of Disease Control (CDC) on 
adolescent students using anabolic steroid, over-the-
counter - prevalence: 4%

Eaton DK, et al. MMWR Surveill Summ 55:1, 2006



Prevalence: overall

The global lifetime prevalence of anabolic steroid abuse 
is 6.4% for males and 1.6% for women

Nieschlag E, et al. Eur J Endocrinol 173:R47–R58, 2015  
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Testosterone



Androgen receptor

Taplin M-E. Nat Clin Pract Oncol 4:236, 2007 

AR A genes



Anabolic steroids

Hershberger LG, et al. Proc Soc Exp Biol Med, 83:175, 1953

anabolic effect androgenic effect>
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Types of androgens

Testosterone esters
enanthate

cypionate

Synthetic androgens
stanozolol

nandrolone

Pro-hormones

Δ4-androstenedione

dehydroepiandrosterone



Anabolic steroids metabolism

1: Can be aromatised, 2: Are or can be 5α-reduced, 3: Liver-toxic 17α-alkylation 
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Testosterone esters

Testosterone enanthate Testosterone cypionate

Characteristics
injectable

long half-life
no hepatotoxicity



Testosterone esters



Alkylated derivatives

Stanozolol Nandrolone

17α-alkylation 19-derivative

Characteristics
per os

short half-life
hepatotoxicity



Alkylated derivatives

Stanozolol Nandrolone



Corticosteroid biosynthesis



Androstenedione

Randomized, placebo-
controlled trial

Androstenedione 100 mg tds 
or placebo for 4 weeks

No increase in testosterone

Increase in estradiol

Brown GA, et al. J Clin Endocrinol Metab 85:4074, 2000



Corticosteroid biosynthesis



Dehydroepiandrosterone

Randomized, placebo-controlled 
trial

Androstenedione 100 mg od or 
dehydroepiandrosterone 100 mg 
od or placebo 

No difference on muscle mass 
or strength

Wallace MB, et al. Med Sci Sports Exerc 31:1788, 1999



Corticosteroid biosynthesis

100
20
10

90 - 250



Chorionic gonadotropin

Production of 
natural testosterone

Normal ratio of  
testosterone : 
epitestosterone



Testosterone epimers

Testosterone Epitestosterone

normal ratio 1:1
upper limit 4:1



Changes in endogenous testosterone

Testosterone concentrations through menstrual cycle
Cardiovascular exercise and resistance training 
transiently increase testosterone concentrations in men 
and women 
Pre-competition: the “challenge hypothesis” 
Post-competition: in men, testosterone commonly 
increases following victory and decreases following loss
Testosterone concentrations can change up to 100% 
post-competition  

Wood RI, et al. Horm Behav 61:147;2012



Tamoxifen

Anti-estrogen

Block estrogen 
effects



Anastrozole

Aromatase inhibitor

Increase in 
testosterone

Decrease in 
estrogens



Corticosteroid biosynthesis

tamoxifen

anastrozole



WADA 2018
Quiz 2
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WADA 2018



WADA 2015



Belgian Bull



WADA 2018



WADA 2018



WADA 2016 positive tests

WADA, 2016



WADA application 2018



WADA application



Disorders of Sexual Development

Disorder

Turner syndrome

Klinefelter syndrome 

True hermaphrodite 

Mixed gonadal dysgenesis

Congenital Adrenal Hyperplasia

Complete AIS

Partial AIS

5α-reductase inhibition

Transexual

Quiz 3

Advantage

No

No 

Yes, before gonadectomy

Yes, before gonadectomy

Yes

No

Yes

Yes

Yes, before gonadectomy



Time-line of gender verification testing

AIS: androgen insensitivity syndrome
CAH: congenital adrenal hyperplasia
XXY: Klinefelter's syndrome

Quiz 4
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Efficacy study

Double-blind, placebo-controlled trial
Four groups of men (n = 43):

physical exercise & testosterone 600 mg / w

physical exercise & placebo

no physical exercise & testosterone 600 mg / w

no physical exercise & placebo

Increase in mass muscle and strength with the use of 
testosterone, especially in combination with physical 
exercise

Bhasin S, et al. N Eng J Med 335:1, 1996



Efficacy

Franke WW, et al. Clin Chem 43:1262, 1997



Doping Victims’ Association

Doping-Opfer-Hilfe e.V.
700 of the about 10,000 former GDR high-
performance athletes involved in the systematic 
governmental doping programme based on the 
anabolic steroid oral turinabol (dehydro-chlormethyl-
testosterone) in the 1970s and 1980s. 

Nieschlag E, et al. Rev Endocr Metab Disord 2015)



Ways of administration

Stacking
Taking two or more anabolic steroids together, 
mixing oral and/or intramuscular routes

Pyramiding
At the beginning of a cycle low doses of the stacked 
substances are administered and the dose is 
gradually increased for 6 - 12 weeks 

In the second half of the cycle, the doses are slowly 
decreased to zero 

van Amsterdam J, et al. Regul Toxicol Pharmacol 57:117, 2010  



Effect ranking



Effect ranking



Detection times 



Hellenic Society of Andrology

www.hel-soc-andro.org
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Adverse effects

Non-specific
common in all androgens

Specific

androgen-specific

metabolite-specific / derivate-specific

sex-specific



Anabolic steroids adverse effects



Adverse effects

Inhibition of testicular function
Gynecomastia
Polycythemia
Hepatotoxicity
Mood disturbances
Disturbances of cardiac function
Dyslipidemia
Activation of coagulation cascade
Virilization
Inhibition of linear growth
Infections



Inhibition of testicular function

Suppression of gonadotropin secretion
suppression of endogenous testosterone secretion
suppression of spermatogenesis
decrease in testicular size

Reversible effect in 3-4 months

Knuth UA, et al. Fertil Steril 52:1041, 1989



Anabolic steroids on sperm

Knuth UA, et al. Fertil Steril 52:1041, 1989



Gynecomastia

Conversion of testosterone to estradiol

Dihydrotestosterone Stanozolol



Hepatotoxicity

Increase in liver enzymes
Cholestatic jaundice
Hepatic peliosis
Hepatoma

Stanozolol

Cabasso A, et al. Med Sci Sports Exerc 26:2, 1994



Mood disturbances

Questionnaire in men, users and non-users of anabolic 
steroids (n = 160)
Users had increased incidence of: 

depression
aggressive behavior

Symptoms were more severe during the periods of 
androgen intake

Pope HG, et al. Arch Gen Psychiatry 51:375, 1994



Disturbances of cardiac function

Sudden death
cardiac hypertrophy, myocarditis

Hausmann R, et al. Int J Legal Med 111:261, 1998

Randomized, placebo-controlled trial
Body-building athletes (n = 8)

Nandrolone or or placebo for 8 weeks

No differences on ultrasonographic parameters

Hartgens F, et al. Int J Sports Med 24:344, 2003



Anabolic steroids adverse effects

Deligiannis, AP et al. Hellenic J Cardiol 53:447, 2012   



Dyslipidemia

Effect of 17α-alcyliated derivatives
decrease in HDL-cholesterol 

increase LDL-cholesterol

Thompson PD, et al. JAMA 261:1165, 1989



Activation of coagulation cascade

Weight-lifting athletes, users to non-users of 
anabolic steroids (n = 49) 

In users as compared to non-users:

increase in thrombin-antithrombin complex

increase in plasma prothrombin concentrations

increase in antithrombin ΙΙΙ concentrations

increase in protein S concentrations

decrease in tPA and PAI-1 concentrations

Ferenchick GS, et al. Am J Hematol 49:282, 1995



Inhibition of linear growth

Early epiphyseal closure 

Trial of adolescent player of american football (n 
= 873)

anabolic drug users: 6%

use before the age of 15 years: 50% 

use before the age of 10 years: 15% 

Stilger VG, et al. J Community Health 24:131, 1999
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Aims

Discussion on the efficacy and safety of hormones as 
performance-enhancing drugs

Identification of men and women that use anabolic 
steroids and complain of other clinical problems



Anabolic steroids

Special characteristics

Epidemiology

Types 

Efficacy

Safety



Suspicion of use

Woman
Competitive sport

Hirsutism

Acne

Androgenic alopecia

Man
Competitive sport

Small testes

Azoospermia

High hematocrit

Low SHBG



Gym program

nandrolone tamoxifenT estersmetandienone



Anabolic steroids



The dark side



The bright side

Steroid biochemistry
Andrology - testosterone and sperm

Adolescent Medicine

Disorders of Sexual Development
Cardiovascular system

SERMs, aromatase inhibitors
Beta-agonists and Beta-blockers

Belgian bulls
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